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Abstract: This study aims to develop PBL teaching materials and instrument to improve students’ creative
thinking skills in the topic electrical circuits. This research method’s uses a 4-D development model divided
to 4 stages, which are Define, Design, Develop, and Disseminate. the study identified students' difficulties in
understanding abstract concepts and their low creative thinking, especially in flexibility and elaboration. The
developed materials included a lesson plan, worksheet, and creative thinking test. Validation results showed
that all materials and instrument developed achieved a “Very Valid” category and suitable to implement
during learning process. Effectiveness was tested through pretest and posttest analysis, yielding an average
n-gain of 0.73 (high category), with particularly strong improvements in fluency, flexibility, and elaboration.
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Abstrak: Penelitian ini bertujuan untuk mengembangkan bahan ajar dan instrumen PBL guna meningkatkan
keterampilan berpikir kreatif siswa dalam topik sirkuit listrik. Metode penelitian ini menggunakan model
pengembangan 4-D yang dibagi menjadi 4 tahap, yaitu Define, Design, Develop, dan Disseminate. Penelitian
ini mengidentifikasi kesulitan siswa dalam memahami konsep abstrak dan rendahnya keterampilan berpikir
kreatif mereka, terutama dalam hal fleksibilitas dan elaborasi. Bahan ajar yang dikembangkan meliputi
rencana pelajaran, lembar kerja, dan tes berpikir kreatif. Hasil validasi menunjukkan bahwa semua bahan
dan instrumen yang dikembangkan mencapai kategori “Sangat Valid” dan cocok untuk diterapkan selama
proses pembelajaran. Efektivitas diuji melalui analisis pretest dan posttest, menghasilkan rata-rata n-gain
sebesar 0,73 (kategori tinggi), dengan peningkatan yang signifikan terutama dalam kelancaran, fleksibilitas,
dan elaborasi.

Kata Kunci: Validitas, Model 4-D, Lembar Kerja, Keterampilan Berpikir Kreatif

INTRODUCTION

In the 21t century, the learning process is not only focused on knowledge transfer, but
globally it is expected to equip students with 21 century learning skills. This competency is a crucial
focus aimed at preparing students to face challenges and opportunities in the 21st century,
according to Anugerahwati in (Montessori et al., 2023) including critical thinking, creativity,
collaboration, communication, character and citizenship, especially in physics learning. According
to Torrance in (Costu, 2024) creative thinking is a process that involves sensitivity to problems,
recognition of gaps in knowledge, and creation of new solutions through innovative approaches.
This includes the ability to connect seemingly unrelated ideas, create new solutions, and think
flexibly and originally. According to (Sari & Putra, 2015) creative thinking skills are one of the skills
that are the main focus in the educational paradigm. Creative thinking skills allow students to
develop the ability to find new solutions and innovations in dealing with a problem with the right
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action. According to Munandar in (Qomariyah et al., 2021) indicators of creative thinking skills
include fluency, flexibility, elaboration, and originality.

Physics as one of the science subjects has an important role in shaping logical and systematic
thinking (Ghina Dhaniyah Salsabil et al., 2024; Hidayat et al., 2024). Among these skills, creative
thinking is the main highlight in the context of 21st century learning, especially in physics learning.
In the context of physics learning, where according to physics not only teaches about the laws of
the universe contextually, but can also direct students to be able to understand concepts in depth,
formulate problems, and be able to solve problems in a logical and creative way. In learning physics,
an appropriate learning process is needed so that learning not only focuses on contextual
understanding but can also lead students to achieve meaningful learning as one of the requirements
for achieving 21st learning skills (Widya Artha et al., 2025; Fitriana et al., 2025). This shows that
meaningful learning has an important role as a bridge in every phase of learning. Meaningful
learning according to (Adeoye et al., 2024) in schools can be achieved by facilitating learners so
that they can achieve skills, such as creative thinking skills.

Based on the results of researchers' observations at AL Falah Darmo High School regarding
the physics learning process through interviews with physics teachers and deputy principals, the
implementation of learning has been carried out in accordance with the syllabus with the
Cambridge curriculum and has been in accordance with the learner attributes of Cambridge
students (Méarquez et al., 2016) but in the process teachers still pay less attention to the creative
thinking skills of students, this is because the learning methods used are still conventional methods
that focus on exam-oriented and teacher-centered where this has not been able to train students'
thinking skills, as well as their willingness to think from a variety of different perspectives (Ghaleb,
2024). This is in accordance with research by (Ghaleb, 2024) and (Herdiawan et al., 2019) that
most teachers still do not implement meaningful learning in teaching, one example is using learning
activities that are still teacher-centered. In addition, the learning tools used are only centered on
learning tools provided by Cambridge University, namely textbooks, so that in learning activities,
teachers only focus on how students can solve the problems available in the textbook without any
creative thinking process. So that in this learning process shows a learning process that is only in
the form of knowledge transfer activities from the teacher without any skill development in
conducting an experiment and analyzing data (Aditiyas & Kuswanto, 2024). In other words, this
shows that teachers have not applied or trained creative thinking skills in detail and optimally to
students during learning activities.

Related to the above problems, this is the reason for researchers to develop physics learning
tools based on Problem Based Learning to improve students' creative thinking skills, because the
learning tool itself is one of the important factors both when planning and implementing the
learning process. According to (Novsiani et al., 2022) learning planning is related to the creation
and development of devices that are in accordance with the upcoming learning process to
determine the success and achievement of the desired skills during the learning process. The tools
developed are the Lesson Plan, Students' Worksheet and Creative Thinking Test Instrument based
on and in line with the syntax of Problem Based Learning according namely (1) Orienting students
to the problem, (2) Organizing students, (3) Guiding individual or group investigations of students,
(4) Developing and presenting work, and (5) Analyzing and evaluating the problem-solving process
(Owen, 2019; Satriawan et al., 2020; Tulung et al., 2023)

The purpose of this study is to describe the validity of the learning materials and instruments
developed and to analyze the effectiveness of the learning materials and instruments developed.

METHOD

The method used in this research is the Research & Development (R&D) method. R&D
research is research with 4 main stages that have been adapted and interrelated, namely Define,
Design, Develop, and Disseminate (Sivasailam et al., 1974; Sugiyono, 2022)
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Figure 1 4D Model Research Design

This research was conducted at SMA Al Falah Darmo Surabaya, involving 27 Grade X
students at SMA Al Falah Darmo Surabaya during the 2024/2025 academic year. The students who
served as research subjects chosen using purposive sampling method based on the recommendation
of the physics teacher, according to (Sugiyono, 2015) is a data source sampling technique with
certain considerations.

The research instrument included validation sheets and tests (pretest and posttest) which
were used to evaluate the quality and effectiveness of learning materials and instrument. The data
obtained is in the form of quantitative data obtained from the validation sheet where the validity
measurement score uses a Likert scale, with interpretation as in Table 1.

Table 1 Likert Scale

Score Criteria
1 Not Good
2 Less Good
3 Good
4 Very Good

The data analysis technique used in this study is to use statistical tests by testing the level of
validity and reliability of learning devices and instruments. [20] states that to test the validity level
of the developed device, namely by calculating the average value of all sub-indicators, namely by
calculating the percentage of product validity, with the following formula:

Y Score obtained

Validity (%) = X 100%

Y Maximum Score

With interpretation of the results of the formula is converted into the criteria for the
percentage level of validity in Table 2 below.

Table 2 Criteria for Learning Materials and Instrument Validity

Value Interval Criteria
1,00 - 1,74 Not Valid
1,75 - 2,49 Less Valid
2,50-3,24 valid
3,25 -4,00 Very valid

The learning materials and instrument is considered valid if it receices the most frequent
score (mode) = 3. The data obtained from the pretest and posttest are analyzed using the n-gain
score with the following formula:

Spost — Spre
~ Smax — Spre
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With interpretation of the results of the formula above is converted in the criteria in the
table 3 below:
Table 3 Criteria for n-gain (Hake, 1999)

n-gain score Category
g=>07 High

0,7>g2>0,3 Medium
g<0,3 Low

The learning materials is considered effective if it reaches at least a medium category of n-
gain score.

RESULT AND DISCUSSION

This section presents the result of the research on the development of a learning materials
and instruments to enhance students’ creative thinking skills on the topic electrical circuit.
Define

This stage is carried out with the observation method in the form of interviews with physics
subject teachers with purpose to analyze the obstacles experienced during the physics learning
process with the aim of obtaining the problems / obstacles experienced, understanding the
characteristics of students, concepts and curriculum used during the learning process as well as
media adjustments to the curriculum applied at school (Rizki & Linuhung, 2016). This stage involved
several steps: 1) Students’ analysis, interviews showed that most of 10th grade students still struggled
to understand abstract concept in electrical circuits. Their creative thinking skills was considered as
low, especially in elaborating the answer and flexibility indicator. This stage revealed that physics
subject was still dominated by conventional method and have not integrated with creative thinking
skills or problem-based approaches; 2) Concept analysis, conducted to classify the key concepts
students would learn through the learning materials aligned the curriculum applied, which is
Cambridge Curriculum.

Design

Then after the define stage, continued with the design stage, where at this stage begins with
designing and developing products in the form of learning materials and instruments that will be
used during the learning process based on the problem-based learning model that will be used
during learning activities with the aim of improving students' creative thinking skills by adjusting
the curriculum applied at school, namely the Cambridge curriculum. The selected teaching materials
to be developed are: students’s worksheet and lesson plan, while the instruments to be developed
is creative thinking’s test.

‘—‘

LEARNING MATVRIAL 1" ACTIVITY: SERIES AND PARALLEL
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ELECTRICAL CIRCUfT

WORKSHEET

.\)_\v: onerrs
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Figure 2 Sample Display of Electrical Circuit Students’ Worksheet
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The validity of each teaching materials and instrument consists of several aspects which
contains language, design, and material validity for each item.

Development

In this stage, which is the stage where the device that has been designed and developed
will go through the assessment stage, namely in the form of validation by 3 validators. The validity
test aims to determine the level of feasibility and validity of devices and instruments that will be
used in the learning process. Validation was carried out by 2 expert validators, namely lecturers of
the Physics Education Study Program at Surabaya State University and 1 practitioner validator,
namely physics subject teachers at Al Falah Darmo Surabaya High School. The validation results for
devices and instruments can be seen in Table 4 below.

Table 4 Validity Result

Learning Materials Average Validity Category
Score

Students’ Worksheet 3,80 Very Valid

Lesson Plan 3,95 Very Valid

Creative Thinking’s Test 4,00 Very Valid

Based on the validation results in Table 4 above, the learning materials and instrument
developed have a very valid category so that overall, it can be concluded that the materials
developed and are in a category that is feasible to implement in the learning process.

Worksheet in the form of questions or exercises given to students to do certain tasks [23].
In education, worksheets are used to measure students' understanding of the material taught and
monitor their learning progress. worksheet can also be used as an evaluation tool, in this study
worksheet was prepared according to the syllabus of the Cambridge Curriculum and also based on
the syntax of PBL. Based on the overall assessment of the validators, this students’ worksheet
suitable for use in learning and has met the valid criteria in terms of language, format, content, and
design and graphics with score 3,80. Creative Thinking Test was prepared according to Creative
Thinking’s indicators such as fluency, flexibility, originality and elaboration. Based on overall
assessment of the validators, the tests developed are valid and feasible to implement in learning
process and has met the valid criteria with score 4,00.

Effectiveness of the materials developed was measured using pretest and posttest assessment
to evaluate the impact of the PBL-oriented worksheet on students’ creative thinking skills in the
electrical circuits’ topic. The tests were compiled based on indicators of creative thinking skills
including fluency, flexibility, originality and elaboration. Result of the tests given to students score
an n-gain of 0,73 (high category). results of tests of creative thinking skills’ indicator can be seen in
the Figure 3 below.

12.00 10.65 1.25 10.23
10.00 8.80
8.00 -

6.00 32
4.00 1.9 ’ M Pretest

1.4
2.00 M Posttest

0.00 L
Fluency Flexibility Originality Elaboration

Average Score

Creative Thinking's Indicators

Figure 3 Pretest-Posttest Result
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The creative thinking skills’ indicator was divided into fluency, flexibility, originality and
elaboration aspects: fluency aspect scored 0,73 (high), flexibility aspect scored 0,88 (high),
originality aspect scored 0,60 (medium), and elaboration aspect scored 0,79 (high). The lower
score in originality aspect was attributed to students are more accustomed to convergent answers.
Therefore, when asked to think originally, they tend to be less accustomed to imagining or
exploring alternative ideas.

Disseminate

The dissemination stage in the 4-D development model is the final stage in the educational
media development process. At this stage, the learning media that has been developed will be
distributed or disseminated to the target users or students (Montori & Jacobus, 2025). The
dissemination stage is where the product can be disseminated and introduced to the wider
community beyond the scope of the development itself. Several factors that must be considered
when conducting dissemination are user analysis, strategy and theme, dissemination timing, and
selection of dissemination media. The dissemination stage is carried out by implementing the
materials and instrument during the physics learning in electrical circuits’ topic.

CONCLUSION

Based on the results of the research and development using the 4D model, it can be
concluded that the learning materials and instruments developed—specifically the students'
worksheet, lesson plan, and creative thinking test—are valid and feasible to be implemented in the
classroom. The materials were developed in alignment with the Cambridge Curriculum and
designed using a Problem-Based Learning (PBL) approach to foster students' creative thinking skills
in the topic of electrical circuits. The validation results from expert and practitioner validators show
that all developed components fall under the "very valid" category, with an average score of 3,80
for the worksheet, 3,95 for the lesson plan, and 4,00 for the creative thinking test. Furthermore,
the effectiveness test showed a significant improvement in students’ creative thinking skills after
using the PBL-based materials, as reflected in the average n-gain score of 0.73, which falls into the
high category.
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