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1. INTRODUCTION

Science teaching in the school environment is not only limited to providing material, but
also directed at developing 21st-century skills. The skills in question include thinking creatively and
critically, communicating and collaborating, solving problems, and understanding digital literacy.
One of the essential skills that students must develop is the ability to think creatively (Ramadhan,
2023).

Creative thinking is the ability to generate original or innovative ideas when faced with
problems. However, the reality is that some students still struggle to improve their creative thinking
skills. According to the 2021 Global Creativity Index (GCI) survey, Indonesia ranks 87th out of 132
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countries, which is considered a strength in terms of creative thinking skills. Of course, the results of
this study emphasize the importance of developing learning that encourages creative thinking
(Hasanah et al., 2023). Creative thinking skills are crucial for students because they can support them
in honing the skills and knowledge necessary for starting a business and creating various
innovations.

Creative thinking skills are categorized as low, according to Putri's (2022) research results.
Students' less-than-optimal creative thinking skills influence this condition. Thinking creatively is an
essential skill because it enables students to devise different and innovative solutions to overcome
various challenges. The implementation of education that emphasizes creativity is essential, as it
supports students in developing their thinking skills, solving various problems, and fostering interest
and motivation to learn. However, based on initial observations, it is evident that students participate
less during the teaching and learning process, pay less attention to the teachers, and lack the courage
to ask questions or express their opinions. As a result, students tend to be less creative. Lack of
creativity in thinking and low student learning abilities are often attributed to the teaching methods
employed by teachers. In particular, this problem arises when the method does not directly involve
students in their own learning.

Additionally, in learning activities, the delivery of material is conducted using the lecture
method. Teachers still apply traditional learning methods, which affects the level of student
creativity and has an impact on student behavior that tends to be passive during the learning process,
ultimately affecting their low learning creativity. Therefore, it is crucial to foster the development of
creative thinking so that students can understand the material more deeply and achieve maximum
learning outcomes.

One approach to enhancing students' creative thinking is to utilize the appropriate learning
model. The project-based learning approach is one alternative that can be used in the teaching and
learning process (Munawwaroh & Munahefi, 2024). According to Fahmi and Wuryandini's (2020)
findings, the project-based learning model has been shown to have a positive impact on the
development of students' creative thinking skills. Project-focused learning methods have proven
successful in improving creative thinking skills. Through its application, students are involved in real
projects that require them to create innovations and solve problems. The project-based learning
model provides students with the opportunity to explore and understand concepts through real-world
experiences. According to Brigili, as quoted in Ravitz (2021), learning using the project model
encourages students to be directly involved in solving problems with an innovative approach that
comes from experience. This experience is expected to be a source of learning that develops students'
creative thinking skills during the learning process. (Lestari & llhami, 2022).

Project-focused learning is considered one of the most effective methods for helping
students develop these skills, as it enables students to interact directly with the subject matter
through projects connected to real-life experiences (Irawan et al., 2023). Lantang et al. (2023) found
that learning methods that incorporate projects can support students in developing creativity, critical
thinking, problem-solving skills, and collaboration with others. The project-based learning model has
a greater influence when integrated with the use of technology over time. One of them is by
combining the science, technology, engineering, and mathematics (STEM) approach. STEM is a
method that unites four main components in education: science, technology, engineering, and
mathematics, enabling students to develop skills in innovation, design, and creativity (Dewi et al.,
2023).

Based on the results of observations at SMP Negeri 15 Banjarmasin, it is known that the
available learning resources are still minimal, consisting only of LKS books, textbooks, and learning
that tends to be more focused on the teacher (teacher-centered). The limited availability of
inadequate teaching materials causes teachers to rely more often on conventional methods, such as
direct explanations or drawings on the blackboard, which results in students being less focused and
having difficulty concentrating during learning. These results align with the study by Rozali et al.
(2022), which suggests that teachers often rely on guidebooks from educational institutions,
frequently employ oral teaching methods, and require students to write their answers on the
blackboard. As a result, students become passive during learning activities because their role is
limited to paying attention to the teacher's explanation. In addition, teaching materials that are not
varied and less interesting often cause boredom and decreased student enthusiasm.
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Therefore, it is necessary to develop more engaging teaching materials and encourage active
student participation so that learning is more effective, enjoyable, and helps build their creative
thinking skills. This can be achieved by developing learning materials in the form of project-based
modules that are integrated with STEM. Integrated project-based STEM modules can support
students in understanding learning materials in depth and enhancing their creative problem-solving
abilities in real-life scenarios (lzzania, 2021). Research by Agung et al. (2021) supports this finding,
revealing that the application of STEM-PjBL helps students strengthen their analytical, creative, and
critical thinking skills. Hanif et al. (2019) also revealed that the STEM-PjBL model is a learning
approach that is considered reliable, valid, relevant, and effective in enhancing creativity.

However, to date, the development of teaching materials in the form of science modules that
specifically integrate the PjBL model with the STEM approach on the topic of simple machines
remains very limited, particularly in its aim to enhance the creativity of junior high school students.
In addition, the focus of development is usually on cognitive learning outcomes, not on the ability to
think creatively. Based on this explanation, it is necessary to develop a science module that
integrates STEM principles into PjBL. This module is expected to help students develop creative
thinking strategies when learning science.

2. METHOD

The type of research applied in this study is research and development (R&D). The product
developed is a science module that incorporates a project-based learning approach with STEM. The
development model used in this study is ADDIE (Rosidi et al., 2023). The ADDIE model provides
opportunities for evaluation and improvement at each stage of the process, so that the final product is
considered valid and reliable (Didelmi et al., 2023). This model includes the stages of analysis,
design, development, implementation, and evaluation. The steps of the ADDIE model are illustrated
in the following figure.

Figure 1. ADDIE model.

The subjects in this study were two science education lecturers and one science subject
teacher, serving as validators, and students of class VIII F at SMP Negeri 15 Banjarmasin, who
served as trial participants. The data collected included validity data through expert validation sheets,
practicality data through student response questionnaires, and effectiveness data through pre-test and
post-test assessments in the form of multiple-choice questions, arranged based on creative thinking
indicators, including fluency, flexibility, originality, and elaboration. The instruments used were
validation sheets, student response questionnaires, and creative thinking tests. Data analysis was
conducted using percentages to assess the level of validity and practicality, as well as the Wilcoxon
test and N-Gain calculation to evaluate the effectiveness of the module in enhancing students'
creative thinking abilities. The following formula and validity assessment criteria are used.

P=Lx100%. i (1)

Description: P: Percentage of questionnaire data
F: total assessment score
N: total maximum assessment score

Table 1. Validity criteria

Interval Criteria
1< P <100% Very Valid
61<P <81% Valid
41<P <61% Moderately Valid
21<P <41% Invalid
0<P <21% Very Invalid

Practicality analysis is obtained from student response questionnaires. The following
formulas and criteria are used to determine the level of practicality.

P=Lx100%. it )
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Description: P: Percentage of questionnaire data
F: number of assessment scores
N: the maximum number of assessment scores

Table 2. Module Practicality Criteria

Interval Criteria
81<P < 100% Very Practical
61<P <81% Practical
41<P <61% Moderately Practical
21<P <41% Not Practical
0<P <21% Very Not Practical

(Ate et al, 2022)

The test instrument was applied in the effectiveness analysis to assess the level of students'
creative thinking before and after using the module. Students' pre-test and post-test scores will be
tested for normality before the n-gain data is used. According to Kadir (2020), the normality test
aims to check whether the data obtained is usually distributed. If the results of the normality test
indicate a normal distribution, then the N-gain calculation is performed to assess the increase in
students' creative thinking abilities. The formula and assessment criteria are as follows.

. _ posttest value—pretest value
N-Gain = Tdeal value—pretestvalue s 3
Description: Post-test score: Initial score
Pre-test value: Final score

Ideal score: maximum score

Table 3. N-gain Value Criteria

No Interval Criteria
1 0<0,3 Low
2 0,3<g<0,7 Medium
3 g>0,7 High

(Nita et al, 2022)

3. RESULTS AND DISCUSSION

The result of this development is a product, namely a science module that uses project-based
learning (PjBL) integrated with the STEM approach on the topic of simple machines. The
development of this module aims to enhance students' creative thinking skills during learning
activities. This research was conducted at SMP Negeri 15 Banjarmasin to assess the validity,
practicality, and effectiveness of the STEM-integrated PjBL-based science module
Analysis

The initial stage of this development involves identifying problems in science learning and
the needs of students. There are three types of analysis carried out, namely.

a. Needs analysis

The needs analysis stage begins through observations of teaching assistance activities at
SMP Negeri 15 Banjarmasin. From the results of observations, it is evident that teachers in science
learning tend to employ the lecture method, rely on LKS books and textbooks, and adopt a teacher-
centered approach. This makes students less actively involved and tends to render them passive, as
their role is limited to listening to the explanation provided.

Based on the analysis data collected at the research location, the school does not yet have a
PjBL-STEM-based science module. In the learning process at SMP Negeri 15 Banjarmasin, teachers
deliver materials using various media, including printed books, and provide assignments and practice
questions directly taken from the book. The results of interviews with science teachers revealed that
students' levels of creative thinking are relatively low. Therefore, a more innovative and effective
learning approach is needed to improve these abilities. Based on the analysis results, the researcher
proposes an alternative solution to address the low level of student activity and the limited
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availability of teaching materials, namely the development of a science module based on project-
based learning integrated with the STEM approach.
b. Material Analysis

This stage involves analyzing the material that will be used as content in the development of
the science module. The material is selected based on the primary material and learning experience
related to the topic to be delivered. Before developing the learning module, the researcher and the
science teacher discussed the material that would be used in the module. The material used by the
researcher in the science module, based on STEM-integrated PjBL, is simple machine material. This
topic is considered relevant because of its close relationship with daily activities.
c. Analysis of Learning Objectives

With the existence of learning objectives, researchers can understand and analyze the
components that can be included in the science module. Learning objectives help teachers determine
and organize teaching materials, carry out more focused learning activities, and make it easier for
them to conduct assessments. The curriculum analysis used by schools as a reference for learning is
the independent curriculum. According to Pitasari and Febriyanti (2023), learning objectives are
more effective when formulated using the ABCD formula. This formula is used to specify the sound
and learning objectives to be compiled. The term ABCD is an abbreviation that includes A
(Audience), B (Behavior), C (Condition), and D (Degree).

Design

The next stage is the design stage. This stage marks the beginning of product design,
specifically the science module, which is developed using a project-based learning approach and
STEM integration. This module is intended for grade VIII students. However, this design is still
temporary, as it will undergo further development based on input and comments from the validator
in the future. This stage integrates all analysis findings into product development, ensuring the
resulting module is of high quality and ready for use in the learning process. The module creation
process is carried out using the Canva application.

Development
The development stage is a phase in which a complete product is created that has been
designed in the previous phase. Determination of validity is carried out based on a questionnaire
assessed by two Science Education lecturers and a Science teacher at SMPN 15 Banjarmasin. The
results of the validation questionnaire assessment of the Science module, as evaluated by the
validators, are presented in the following table.
Table 4. Science module validity results

Assessment Aspects Validator

I T 1 Percentage Criteria
Content Eligibility 55 65 68 89.52% Very Valid
Presentation 66 73 79 80.74% Valid
Language 40 40 48 85.33% Very Valid
Overall Average 85.20% Very Valid

Referring to Table 4, which is presented, it shows that the module achieved an overall
percentage of 85.20%. According to Ate et al. (2022), the percentage of 85.20% falls within the
"Very valid" category. However, the module still needs to be revised based on feedback and input
from the validators. The input and responses of the validators are presented in Table 5 below.

Table 5. Comments and suggestions by validators

Validator Comments and suggestions
1 No comment
2 (1) Learning objectives using the ABCD format (Audience, Behavior, Condition, Degree)

(2) Make the concept map more interesting
(3) Provide a column to answer questions
(4) Create a visualization from the picture next to the definition/understanding of simple planes.
(5) Questions adjust to the learning objectives
3 No comment
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The research findings indicate that the science module, designed using the PjBL approach
and STEM integration, is feasible for students in terms of material, presentation, and language use.
The results of the study by Nita et al. (2020) support this statement, which suggests that modules
considered valid or very valid by expert validators have met the criteria for feasibility of use.

Implementation

Following the assessment of the science module, based on project-based learning, which was
deemed very good according to the results of expert validation, the next step was to conduct a
product trial in schools. This test was conducted at SMP Negeri 15 Banjarmasin for grade 8 students.
This test aims to assess the practicality of the science module that has been prepared.

Practicality of Science Module

The practicality of the science module was assessed through a student response
questionnaire containing 20 statements, both positive and negative. There were 16 positive questions
and four negative questions. After the validation and revision process of the science module was
completed, the next stage was to conduct a trial of learning in limited groups. The trial
implementation on a small scale was carried out by involving ten students as research subjects. Table
6 below presents the results of the practicality test for the science module conducted in a small group
of ten students.

Table 6. Small group testing results

No Assessment Aspects Overall Score Criteria
1 Ease of use of the module 77.50% Practical
2 Attractiveness of the module 80.83% Practical
3 Presentation 70.94% Practical
4 Benefits 76.25% Practical

Average 76.38% Practical

The results of the questionnaire completed by students during a small-scale trial showed an
average value of 76.38%, which falls within the practical category. Following the trial, which
involved ten students, the module revision was conducted based on the input and responses provided
by the students. After making improvements, a field trial was conducted involving twenty-five
students from Class VIII F of SMP Negeri 15 Banjarmasin to assess the practicality of the module.
The results of the practicality test for the science module, with a total of twenty-five students as
respondents, are presented in Table 7 below.

Table 7. Large group trial results

No  Assessment Aspects Overall Score Criteria

1 Ease of use of the module 80.67% Practical

2 Attractiveness of the module 80.67% Practical

3 Presentation 80.75% Practical

4 Benefits 81.33% Very Practical
Average 80.85% Praktis

Based on the results of the large-scale testing questionnaire, an average score of 80.85% was
achieved, which falls within the practical category. This indicates that the science module, based on
STEM integrated project-based learning, is practical for students to apply in the learning process, as
seen from the perspectives of ease of use, module appeal, presentation method, and benefits.

Effectiveness of Science Module

The effectiveness of the science module is evident from the results of the N-gain score
calculation, which compares the students' pre-test and post-test scores. The initial test and final test
were conducted on twenty-five students to measure the effectiveness of the developed module. The
learning outcome assessment used included ten multiple-choice questions, and the scores obtained
were processed using the N-gain formula. The data obtained are displayed in tabular form.
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Table 8. Module effectiveness results

Value Data Number of students Average score
Pre-test 25 30,80
post-test 25 78,40

The researcher conducted a normality test on the students' pre-test and post-test data to
determine whether the data met the assumption of normal distribution. To determine the data
distribution, the researcher conducted a normality test analysis using the SPSS application, and the
results are presented below.

.Table 9. Data Normality Test Results

Kolmogorov-Smirnov® Shapiro-Wilk

Statistic df Sig. Statistic df Sig.
Pre-test 238 25 .001 841 25 .001
Postest .196 25 .015 .863 25 .003

a. Lilliefors Significance Correction

The results of the normality test indicate that neither follows a typical distribution pattern.
Kadir (2020) stated that data is considered normal when the significance value exceeds 0.05.
Conversely, if the significance value is < 0.05, then the data is considered not to have a normal
distribution. The results obtained show that this data is not normal because both significance values
are < 0.05. Additionally, a homogeneity test was conducted to verify the homogeneous nature of the
data. Data is considered homogeneous if the significance value is greater than or equal to 0.05. The
table below shows the results of the homogeneity test.

Table 10. Results of data homogeneity testing
Test of Homogeneity of Variance

Levene Statistic dfl df2 Sig.

Based on Mean 2.747 1 48 104

Based on Median 2.495 1 48 121

Nilai Based on Median and with 2.495 1 34.290 123
adjusted df

Based on the trimmed mean 2.457 1 48 124

Table 10 shows that the p-value is greater than or equal to 0.05, indicating that the data
obtained have the same variance or are homogeneous. Given that the previous normality test did not
meet the normality requirements, a non-parametric test was conducted next, namely the Wilcoxon
Signed-Rank Test. This test was conducted to observe and compare the differences between the
students' pre-test and post-test results. Information on the findings is shown in the illustration below.

Hypothesis Test Summany

Hull Hypothe=si= Te=t Sig. Deci=sion
Related- .
The median of differences betmea?ﬁfmpleg [BEfeeE dne
1 Fretest and Fostest equals0 ileasxon 000 Fnull
1 . Signed Rank hywpothesis.
Test

Aeymptotic significances are displayed. The significance level is 05,

Figure 2. Wilcoxon test results

"Referring to the picture mentioned, it shows a significant difference between the pre-test
and post-test results. This result shows a significant increase following the implementation of the
intervention. The implementation of the science module, utilizing PjBL and integrating STEM, is
successful in enhancing students' creative thinking skills.

The following diagram shows significant differences in the mean pre-test and post-test
scores in terms of creative thinking indicators.
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Figure 3. Significant differences in values per creative thinking indicator

The results above indicate that the level of students' creative thinking on each indicator in the
pre-test showed the lowest value on the originality indicator, at 20.00%, and the highest value on the
elaboration indicator, at 33.33%. In the post-test, the highest value was achieved on the elaboration
indicator with a percentage of 81.33%. In comparison, the lowest value was obtained by the fluency
indicator with a value of 72.00%. Thus, the results of the study indicate that the science module can
be used effectively as teaching materials in learning activities to develop students' creativity.

The first indicator of creative thinking is the fluency indicator, which measures a student's
ability to express their ideas fluently and generate diverse thoughts related to a problem. The results
of the initial analysis of creative thinking skills showed that the average pre-test score was 30.00,
while the average post-test score reached 72.00. This happens because, during the learning process
using the PjBL-STEM approach, students are expected to explore ideas related to the problems listed
in the module, which include pictures. Students are then asked to find or convey answers and
solutions that are appropriate to the problem. The increase in the score indicates that students can
improve their answers, express ideas fluently, and convey them quickly and appropriately. This
finding aligns with Meldawati et al. (2022), who note that the fluency stage involves integrating
previously acquired knowledge to answer questions. This aligns with the characteristics of PjBL,
which requires students to continually propose ideas and explore various solutions throughout the
learning process. This finding is supported by other studies, such as those conducted by Rahmawati
et al. (2022), which showed that students who applied the STEM approach demonstrated a
significant increase in creative thinking skills because they were accustomed to brainstorming and
experimenting when solving problems.

The second indicator of creative thinking is the flexibility indicator, which measures
students' ability to generate diverse ideas, answers, or questions. Findings in this aspect indicate that
students can identify various alternative solutions to problems, although they still struggle to find the
most effective solution. The results of Febrianti et al.'s (2016) study align with these findings, which
suggest that this ability enables students to develop new concepts, solutions, or questions and view
problems from multiple perspectives.

The third indicator of creative thinking is the originality indicator, which measures a
student's ability to think about problems or aspects that others have not considered and to generate
different and innovative ideas. In this study, the aspect of novelty (originality) occupies the second-
lowest position, with a pre-test score of 20.00 and a post-test score of 76.00. This study aligns with
Wahyuni and Palupi's (2022) research, which suggests that the element of novelty is the lowest
factor in creative thinking ability. The results in this aspect are evident when students struggle to find
innovative solutions to problems.

Elaboration is the fourth indicator of creative thinking, which involves students' ability to
generate new ideas and expand or explain the details of specific objects, concepts, or situations to
make them more interesting. The results of the analysis on this indicator show an increase in creative
thinking skills, as indicated by a rise in the pre-test score from 33.33 to 81.33 on the post-test. These
results indicate that students have been able to produce or provide solutions in their own language.
This can be observed in the learning process, where students discuss compiling report results,
creating products or projects, and then present their findings. Qomariyah and Subekti (2021) stated
that elaborative thinking is seen when students can create solutions that are conveyed in their own
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words, offer comprehensive, detailed, and structured solutions, and formulate appropriate ideas and
solutions based on available information.

The implementation of a project-focused learning model in the learning process affects
students' creative thinking. This statement aligns with the views of Larasati and Aslamiah (2023),
who stated that teachers need to emphasize the practice of abilities in the teaching process so that
learning outcomes are not solely centered on cognitive abilities. The findings of Meldawati et al.
(2022) support this statement, as they indicate that implementing a project-focused learning model is
effective in enhancing creative thinking skills.

Evaluation

Each phase in the ADDIE development model, from analysis to design, development, and
implementation, is thoroughly evaluated and assessed. Evaluation is used to evaluate the quality of
the product produced. At the analysis stage, researchers seek information related to problems in
learning and the need for teaching materials to find the right solution. As an effort to solve the
problem, researchers developed a science module that combines the PjBL model, which aims to
facilitate junior high school students in developing their creative thinking skills. At the design stage,
researchers evaluated the module by enhancing its aesthetic appeal, thereby improving the overall
beauty of the module. During the implementation stage, the module was revised in accordance with
the suggestions and recommendations of the validator to ensure that its quality was improved and
worthy of dissemination. The evaluation stage involves completing research at each stage of
development.

4. CONCLUSION

Based on the results of research and development carried out, the science module, integrated
with project-based learning and the STEM approach, is deemed suitable for improving the creative
thinking skills of junior high school students. The conclusions of this study can be formulated as
follows: (1) The science module based on project-based learning integrated with STEM obtained a
validity value of 85.20%, which is included in the very valid category, (2) The module also has a
high level of practicality, with a practicality score of 80.85%, according to the results of the student
response questionnaire, (3) The science module that combines project-based learning and the STEM
approach has proven effective in developing the creative thinking skills of junior high school
students.
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