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Abstract —The development of students' creative thinking in physics remains a challenge due to the
dominance of conventional instructional methods that lack interactive and contextual engagement. This
study addresses the urgent need for innovative digital learning resources by developing an interactive
physics e-book based on the Problem-Based Learning (PBL) model, focusing on optical device topics. The
objective is to enhance students’ creative thinking skills through student-centered learning integrated with
digital platforms. Using the ADDIE development framework (Analysis, Design, Development,
Implementation, Evaluation), the e-book was designed and validated for its design, content, construct, and
creative thinking assessment tools. Validation results showed high Aiken’s V scores across all components,
indicating strong validity. Effectiveness was tested through a quasi-experimental approach involving 35
senior high school students, using pretest and posttest instruments. The N-Gain scores for both modeling
(0.702) and implementation classes (0.707) demonstrated significant improvements in students’ creative
thinking, categorized as high. The novelty of this study lies in the integration of Heyzine and Liveworksheet
platforms with PhET virtual labs, providing an interactive, accessible, and collaborative learning
environment. The findings suggest that the developed PBL-based e-book effectively facilitates contextual
learning and fosters creative problem-solving skills. In conclusion, this e-book serves as a validated and
impactful instructional tool that contributes meaningfully to physics education by promoting higher-order
thinking through innovative digital pedagogy.
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I.  INTRODUCTION

Education in the 21st century represents a transitional phase in which schools shift from a
teacher-centered to a student-centered learning approach. This transformation necessitates that
students possess the ability to think critically and learn independently as active participants in the
learning process (Mardhiyah et al., 2021). Creative thinking plays a pivotal role in education as

it enables learners to generate novel and original solutions that deviate from conventional methods


https://journal.unismuh.ac.id/index.php/jpf
mailto:salwaaiyesi.2023@student.uny.ac.id

S. Aiyesi, Jumadi, Z. K. Prasetyo | JPF | Volume 13 | Number 2 | 2025 | 103 - 118

104

of problem-solving. Additionally, education has become a fundamental need in Indonesian
society. Amidst the growing complexity of contemporary challenges, education serves not only
as a pillar for personal development but also as a long-term investment for enhancing individual
quality (Rawung et al., 2021). Consequently, learners must be equipped with higher-order
thinking skills, particularly critical and creative thinking (Haris et al., 2024). In Indonesia,
education is granted significant emphasis by the state, as emphasized in the preamble of the 1945
Constitution, which declares “Educating the life of the nation” as one of the country’s primary
goals (Wahab et al., 2021).

Physics, as an essential subject in science education, presents a unique challenge due to its
abstract nature. Effective understanding of physics concepts often requires direct application and
experiential learning (Nurlina, 2020). However, students frequently struggle with mastering these
abstract concepts due to various challenges. These include difficulties in problem-solving,
conceptual comprehension, formula application in real-world contexts, graphical and visual
analysis, and synthesizing conclusions from the material studied (Azizah et al., 2015).
Furthermore, Daun et al. (2019) identified that students' challenges in learning physics stem from
their difficulty in calculations, concept mastery, and understanding of physics formulas. These
difficulties can arise from internal factors such as motivation and cognitive ability, as well as
external factors including teacher effectiveness, familial support, and the surrounding learning
environment.

The type and model of instruction significantly influence the effectiveness of the learning
process. A mismatch between instructional models and learning content often results in
suboptimal learning outcomes (Musdiani, 2019). PBL is an instructional model that encourages
students to actively engage with real-world problems. The collaborative exploration and
investigation involved in PBL not only enhance content understanding but also foster deeper and
more meaningful learning experiences (Yulisriyanti, 2024). The PBL model aligns with the core
principles of constructivist learning, providing authentic and context-rich learning environments
(Purwandari et al., 2022). PBL has the potential to develop creative thinking by prompting
students to evaluate prior knowledge, integrate new information, and collaboratively construct
solutions (Wibowo, 2015). This approach fosters both problem-solving and creative thinking by
creating a student-centered learning atmosphere where learners can express their ideas, supported
by an encouraging environment that promotes active participation (Gunter et al., 2017).

One of the effective learning resources that can support this process is the use of e-books
(Nurlaela et al., 2021). E-books were selected in this study due to their accessibility learners can
access them anytime, anywhere, and on various devices. This flexibility supports self-paced

learning and promotes the repetition of material. Moreover, e-books enable quick access to
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diverse information sources, enhancing literacy and facilitating the development of creative
thinking skills (Haslinda et al., 2022). In addition to functioning as supplementary teaching
materials, e-books are frequently used by educators as primary learning resources (Raihan et al.,
2018). E-books, which integrate multimedia elements such as text, images, audio, and video, can
be accessed via computers or mobile devices (Awaludin et al., 2020). These digital formats serve
as modern counterparts to traditional print books (Anwar & Wibawa, 2019; Sukardi et al., 2015).
Although e-books have certain limitations such as requiring internet access and potentially
causing eye strain or distraction from social media their advantages are substantial (Makdis,
2020).

Observations conducted at State Senior High School 3 Yogyakarta reveal that learning
remains conventional, primarily relying on lectures, which are ineffective for developing the
competencies required in physics education. This approach tends to render students passive and
disengaged. Furthermore, students demonstrate difficulty in understanding physics concepts,
especially regarding the application of formulas a problem also identified in several other schools,
as reported by Daun et al. (2019). This study confirmed that learners face persistent challenges in
comprehending physics formulas and concepts. Additionally, students' critical and creative
thinking skills in physics are still considered low, and interactive e-books are generally
unavailable.

To address these issues, this study aims to develop teaching materials in the form of physics
e-books based on the PBL model, utilizing the Heyzine and Liveworksheet applications. The
developed e-book will cover topics related to optical instruments and incorporate practical
activities via the PhET Simulation virtual laboratory platform. The learning activities within the

e-book will be structured according to the syntax of the PBL model.

Il. METHODS

This research employs a development research approach, commonly referred to as the
Research and Development (R&D) model. It is a methodological framework utilized to produce
specific products and assess their effectiveness (Evans et al., 2023). Specifically, this research
model is systematically implemented to develop innovative teaching materials in the form of PBL
e-books. Research and development is a procedural step aimed at creating new products or
improving existing ones. This study adopts the ADDIE model of research and development,
originally developed by (Dick et al., 1990). According to Sezer, the ADDIE model is a structured

approach that emphasizes the analysis of interactions among components, with adjustments made
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according to defined phases. The ADDIE model consists of five stages: Analysis, Design,

Development, Implementation, and Evaluation (Widyastuti & Susiana, 2019).

Figure 1. ADDIE model research flow

Data collection in this study was conducted through the administration of validation
instrument sheet questionnaires to six expert validators in order to obtain valid research
instruments. Furthermore, to collect data on students’ creative thinking abilities, pretest and
posttest assessments were administered to students at State Senior High School 3 Yogyakarta.
The research subjects comprised 35 students from this institution. The instruments used in this
study include: (1) a physics e-book media design validation sheet for assessing the overall layout
and structure of the e-book; (2) a content and construct validation sheet for verifying the
conformity of the material with the intended research objectives; and (3) a validation sheet for the
creative thinking ability test instrument to evaluate student competencies. The instrument
validation was conducted using Aiken's V analysis, assessed by a panel of expert lecturers.
Aiken's V analysis is employed to determine whether individual items within the instrument are
valid (Wulandari & Oktaviani, 2021).

According to Amini (2023), each item’s validity score is calculated using Aiken’s V formula.
This index measures the level of agreement among raters concerning how well an item assesses
predefined indicators. The resulting V index provides a quantitative assessment of content validity
for each item, and items are classified according to their validity levels based on these scores.
Product validation, in the form of e-books and test instruments, is further analyzed using
feasibility assessments obtained from peer reviews. The validation results are presented in the
form of quantitative data and evaluated using a Likert scale. This scale was selected due to its
simpler construction compared to the Guttman or Thurstone scales, and its relatively high
reliability (Anastasi & Urbina, 2016). The study employed four response categories: "strongly
agree™ (4), "agree" (3), "disagree" (2), and "strongly disagree” (1). The use of four alternatives

was chosen to avoid the tendency of respondents to select a neutral midpoint. The test instruments
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were analyzed using Aiken’s V-index (Aiken, 1985). The V index for each item, based on ratings

from six validators, is calculated using the following formula:

s

V=t W

Description

V. Content validation coefficient

s r—l

r : The number given by the validator
lo : Lowest validity score

¢ : Highest validity score

n : Number of validators

Aiken’s V scores are then compared against predetermined validity classifications. The

results are interpreted based on the categories shown in Table 1 (Istiyono, 2020):

Table 1. Interpretation of Aiken’s V result

Average score Category classification
V=08 Valid

04 <V <08 Medium
V<04 Less Valid

I1l. RESULTS AND DISCUSSION

A. Research and Instrument

The teaching materials developed in this study are in the form of a physics e-book focusing
on the topic of optical equipment. These materials are structured using the PBL model and are
enhanced by digital platforms such as Heyzine and Liveworksheet. Research conducted by
Firtsanianta & Khofifah (2022) confirmed the effectiveness of Heyzine and Liveworksheet in
developing instructional materials and enhancing student learning outcomes. Additionally, Fauzy
et al., (2024) concluded that the use of these platforms significantly increased learner engagement
an essential component in the development of students' creative thinking skills. The e-book
includes learner-centered e-worksheets designed to guide students through practical experiments,
such as investigating image formation using convex lenses. These worksheets are aligned with
the PBL model’s activity framework to ensure consistency with pedagogical principles. The test
instruments developed in this study are specifically intended to assess creative thinking skills,

which encompass the ability to generate broad, diverse, authentic ideas supported by detailed
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explanations (Ridwan & Nasrulloh, 2022). The following is the framework of the e-book
developed in this study:
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Figure 2. E-book framework
To ensure its academic validity and technical reliability, the e-book underwent a
comprehensive validation process involving two main aspects: (1) media and design, and (2)
content and construction. This dual validation process was implemented to ascertain the quality,

relevance, and educational effectiveness of the developed material (Andani et al., 2022).

1. Media and Design Validity of Physics E-Book
a. Cover Section

Table 2: Media and cover design validation

No Aspects that Assessment Average
' Rated Vi V2 V3 V4 V5 V6

1 4 3 3 4 4 4 0.92
2 3 4 4 4 3 3 0.88
3 4 4 3 3 3 4 0.88
4 4 3 4 4 3 4 0.92
5  Cover Section 4 4 3 4 4 4 0.96
6 3 4 3 4 4 3 0.88
7 4 4 4 3 4 3 0.92
8 4 3 3 4 4 4 0.92
9 3 4 3 4 4 4 0.92

Total final 33 33 30 34 33 33 8.17

Average score 092 092 0.83 094 092 0.92 0.91

The media and design validation results for the e-book cover are presented in Table 2.
Analysis of feedback from six validators showed that the cover section received consistently high

ratings across all assessment items, with a final average score of 0.91. This indicates that the
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visual and design elements of the cover meet the expected standards for instructional materials.
Such results suggest that the developed e-book is both aesthetically pleasing and suitable for
academic use. The high validation score reflects alignment with instructional design standards

and user expectations.

b. Contents
Table 3. Validation of media and design content section
No Aspects that Assessment Average
' Rated Vi V2 V3 V4 V5 V6

1 4 3 3 4 4 4 0.92
2 3 3 4 4 4 3 0.88
3 4 4 3 4 3 4 0.92
4 4 3 4 3 4 4 0.92
5 Contents 4 4 3 3 4 4 0.92
6 3 4 4 4 4 3 0.92
7 4 4 3 3 4 4 0.92
8 4 3 3 4 4 4 0.92
9 4 3 3 4 4 4 0.92
10 3 4 4 4 4 4 0.96
Total final 37 35 34 37 39 38 9.17

Average score 093 088 085 0.93 0.98 0.95 0.92

Validation results for the media and design of the e-book content are detailed in Table 3. The
average rating across validators was 0.92, indicating strong feasibility and relevance. These
findings suggest that the e-book content was carefully constructed, with attention paid to clarity,
layout, and pedagogical effectiveness. The high ratings support the conclusion that the materials
are well-suited for use in instructional environments and are likely to enhance the learning

experiences of students.

2. Material and Construct Validation of Physics E-Books
a. Material Section

Table 4. Material and construct validation of the content appropriateness section

No Aspects that Assessment Average
' Rated Vi V2 V3 V4 V5 V6
1 4 4 4 4 3 3 0.92
2 3 4 3 4 4 4 0.92
3 4 4 3 3 4 4 0.92
4 Material 4 3 4 4 4 3 0.92
5 Section 4 3 4 3 4 4 0.92
6 3 4 3 4 3 4 0.88
7 3 3 4 3 4 4 0.88
8 4 4 3 3 4 4 0.92
9 4 3 3 4 4 3 0.88
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10a 3 4 3 3 4 4 0.88
10b 4 3 4 3 4 3 0.88
1la 3 4 3 4 3 4 0.88
11b 4 3 4 4 4 3 0.92
12a 3 4 4 3 4 4 0.92
13a 4 3 4 4 3 4 0.92
13b 4 4 3 4 3 4 0.92
Total final 47 45 46 46 48 48 14.42

Average score 073 070 072 0.72 0.75 0.75 0.90

The content validity and appropriateness of the material were assessed and summarized in
Table 4. The results demonstrate that the learning materials scored highly, with an overall average
validation score of 0.90. This reflects the validators' consensus on the relevance, accuracy, and
instructional quality of the content. These results confirm that the materials are aligned with the
intended learning objectives and can effectively support the development of students' conceptual
understanding.

b. Construction Section

Table 5. Material and construct validation of the construction section

Aspects that Assessment
No. IORated VI V2 V3 v4a V5 v Average

1 4 3 4 3 4 4 0.92
2 4 3 4 4 4 3 0.92
3 Material 3 4 3 4 4 4 0.92
4 Section 4 3 4 3 4 4 0.92
5 3 4 3 4 4 4 0.92
6 4 4 4 3 4 3 0.92
7 3 4 3 4 4 4 0.92

Total final 25 25 25 25 28 26 6.42

Average score 089 089 0.89 089 1.00 0.93 0.92

The results of the content structure validation, displayed in Table 5, reveal a high level of
consistency across all validators. The final average validation score for construction quality was
0.92, indicating that the structural design of the materials is logical, well-organized, and
pedagogically sound. These characteristics contribute to the material’s effectiveness in facilitating
meaningful learning and student engagement. The findings affirm that the e-book is well-

developed not only in terms of its content but also in its instructional design and usability.
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3. Validation of Students' Creative Thinking Ability Test Instrument

Table 6. Validation of creative thinking ability test instrument

Aspects that Assessment

No. Rated VI V2 V3 V4 V5 Ve ~Vverage
1 4 3 3 4 4 4 0.92
2 Material 3 3 4 4 4 3 0.88
3 Section 4 4 3 4 3 4 0.92
4 4 3 4 3 4 4 0.92
Total final 15 13 14 15 15 15 3.63

Average score 094 081 088 094 094 094 0.91

The validation of the creative thinking ability test instrument is shown in Table 6. The results
reveal that the average assessment provided by the validators falls within the "high™ category.
This indicates that the test instrument is considered to possess high content validity, clarity, and
relevance to the intended learning outcomes. Additionally, the overall average validation score of
0.91 for both the media and cover design suggests strong feasibility, visual appeal, and
educational appropriateness. These results confirm that the instrument and its supporting
materials are suitable for effectively measuring students’ creative thinking skills. After confirming
the validity of the instrument, an analysis was conducted to evaluate the effectiveness of the
developed physics e-book in improving students' creative thinking skills at State Senior High
School 3 Yogyakarta. Data analysis was performed using the N-Gain test, which is designed to
measure the extent of improvement in students' creative and critical thinking skills. The N-Gain

test helps mitigate errors when interpreting changes in data scores.

B. Learning Outcome Data
1. Modeling Class X1 MIPA 6
a. Analysis of Students' Creative Thinking Ability in terms of Test Results
Table 7. Analysis of creative thinking ability

No. Absentee Number Pretest Score Posttest Score N-Gain Score
1 001 43.75 87.50 0.778
2 002 56.25 93.75 0.857
3 003 50.00 81.25 0.625
4 004 37.50 75.00 0.600
5 005 37.50 87.50 0.800
6 006 56.25 81.25 0.571
7 007 43.75 93.75 0.889
8 008 43.75 93.75 0.889
9 009 37.50 87.50 0.800
10 010 43.75 81.25 0.667



S. Aiyesi, Jumadi, Z. K. Prasetyo | JPF | Volume 13 | Number 2 | 2025 | 103 - 118

112
11 011 50.00 75.00 0.500
12 012 43.75 75.00 0.556
13 013 56.25 81.25 0.571
14 014 62.50 87.50 0.667
15 015 50.00 81.25 0.625
16 016 62.50 100.00 1.000
17 017 43.75 81.25 0.667
18 018 37.50 68.75 0.500
19 019 56.25 81.25 0.571
20 020 50.00 87.50 0.750
21 021 37.50 68.75 0.500
22 022 43.75 75.00 0.556
23 023 37.50 81.25 0.700
24 024 50.00 93.75 0.875
25 025 62.50 75.00 0.333
26 026 43.75 81.25 0.667
27 027 37.50 75.00 0.600
28 028 50.00 100.00 1.000
29 029 31.25 87.50 0.818
30 030 56.25 75.00 0.429
31 031 43.75 93.75 0.889
32 032 37.50 87.50 0.800
33 033 50.00 81.25 0.625
34 034 56.25 100.00 1.000
35 035 43.75 93.75 0.889
36 036 31.25 81.25 0727
Average 46.52 84.20 0.702 (High)

Table 7 presents the analysis of students' creative thinking ability, measured using pretest

and posttest scores for 36 students. The average pretest score was 46.53, and the average posttest

score increased to 84.20. The resulting N-Gain score of 0.702 indicates a moderate to high level

of improvement in students' creative thinking abilities. This suggests that the instructional

methods employed in the modeling class were effective in enhancing these skills. The positive

change observed further highlights the potential of the applied teaching strategies to foster

creativity in students, and these methods are likely to yield even greater improvements with

continued use.
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2. Implementation Class
a. Analysis of Students' Creative Thinking Ability in terms of test results
Table 8. Analysis of creative thinking ability
No.  Absentee Number Pretest Score Posttest Score N-Gain Score
1 001 75.00 93.75 0.750
2 002 43.75 87.50 0.778
3 003 62.50 87.50 0.667
4 004 68.75 93.75 0.800
5 005 37.50 75.00 0.600
6 006 50.00 93.75 0.875
7 007 43.75 81.25 0.667
8 008 56.25 81.25 0.571
9 009 68.75 87.50 0.600
10 010 62.50 93.75 0.833
11 011 68.75 100.00 1.000
12 012 43.75 75.00 0.556
13 013 68.75 81.25 0.400
14 014 62.50 87.50 0.667
15 015 50.00 81.25 0.625
16 016 68.75 93.75 0.800
17 017 68.75 81.25 0.400
18 018 43.75 75.00 0.556
19 019 68.75 93.75 0.800
20 020 62.50 87.50 0.667
21 021 43.75 81.25 0.667
22 022 75.00 81.25 0.250
23 023 50.00 87.50 0.750
24 024 56.25 75.00 0.429
25 025 50.00 81.25 0.625
26 026 43.75 93.75 0.889
27 027 37.50 75.00 0.600
28 028 68.75 93.75 0.800
29 029 68.75 93.75 0.800
30 030 75.00 100.00 1.000
31 031 87.50 100.00 1.000
32 032 43.75 87.50 0.778
33 033 68.75 100.00 1.000
34 034 50.00 93.75 0.875
35 035 37.50 75.00 0.600
36 036 43.75 87.50 0.778

Average 57.63 87.15 0.707 (High)
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In the implementation class, as presented in Table 8, the average pretest score was 57.64,
while the posttest score averaged 87.15, leading to an N-Gain score of 0.707. This result marks a
significant increase when compared to the modeling class, indicating a stronger effect of the
instructional methods applied in the implementation class. The improvement is noteworthy, as
creativity is a fundamental component of higher-order thinking skills, which play an essential role
in both the learning process and the ability to address complex real-life challenges (Gunawan et
al., 2024).

The research and observations at State Senior High School 3 Yogyakarta spanned three
weeks, with the initial activity being an observation of the school and classroom environment on
Friday, March 22, 2024, from 07:30 to 10:30 WIB. This observation provided insights into the
school's condition, the learning activities of students, and the students' existing skills. The first
step in the learning activities involved administering a pretest to assess the initial understanding
of students regarding the subject matter (Melani et al., 2021). The pretest results provided valuable
information to educators, enabling them to adjust their teaching strategies to optimize student
comprehension. The pretest was designed to measure both creative and critical thinking abilities.
Subsequently, the instructional material related to optical devices was introduced, followed by
experiments and worksheets aligned with the PBL model. After the learning sessions, a posttest
was administered to evaluate the extent of students' mastery over the material taught and assess
any improvements in their creative and critical thinking abilities (Siregar et al., 2023).

Two classes participated in the study: the modeling class and the implementation class. The
modeling class was conducted by students using the developed learning media, teaching
materials, and test instruments, while the implementation class was conducted by physics subject
teachers using the same resources. The modeling class was held for two sessions, on Tuesday,
May 7, 2024, from 08:30 to 11:00 WIB and Monday, May 13, 2024, from 10:50 to 12:20 WIB.
The implementation class was also held for two sessions, on Tuesday, May 7, 2024, from 13:00
to 14:30 WIB, and Tuesday, May 14, 2024, from 13:00 to 14:30 WIB.

The developed teaching materials, consisting of physics e-books covering optical devices
and structured around the PBL model and supported by Heyzine and Liveworksheet, underwent
feasibility tests before use. The media validation for the cover section of the e-book achieved a
score of 0.91, placing it in the valid category. The content section received a score of 0.92, also
in the valid category. The content validity ensures that the prepared material meets the intended
educational objectives (Putri et al., 2020). The material validation for both the content section and
the construction section also showed strong results, with scores of 0.90 and 0.92, respectively.

The test instruments developed to measure creative thinking skills were similarly validated,

achieving a score of 0.91. These instruments were then administered to students to evaluate their
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initial and post-learning abilities. The results showed that the N-Gain score for the modeling class
was 0.702, categorized as high, while the N-Gain score for the implementation class was 0.707,
also indicating significant improvement in creative thinking skills These findings suggest that the
use of the PBL model integrated with the developed physics e-book and supported by digital tools
like Heyzine and Liveworksheet contributed to enhancing students' creative thinking abilities.
This improvement, indicated by the increase in N-Gain scores, underscores the importance of
equipping students with skills to address complex challenges in both academic and real-world
contexts (Prabayanti et al., 2024). This is consistent with the research of (Pakpahan et al., 2023)
which stated that an N-Gain value of 0.7 or higher is considered a significant and effective
measure of improvement. The study's results further emphasize the importance of selecting the
right instructional model to enhance learning outcomes (Setyawan & Mulyaningsih, 2013).
Therefore, the contribution of this study lies in demonstrating the practical application of a digital
PBL-based physics e-book to promote creative thinking in high school students. It offers a
pedagogical innovation aligned with 21st-century learning demands, providing a replicable model

for integrating technology with constructivist learning in physics education.

IV. CONCLUSION AND SUGGESTION

This study successfully developed a physics e-book based on the PBL model, specifically
designed to improve students’ creative thinking skills in the context of optical devices. The e-
book, enhanced by digital platforms such as Heyzine, Liveworksheet, and PhET simulations, was
validated in terms of design, content, structure, and assessment tools-receiving high validation
scores across all aspects. The implementation of the e-book in both modeling and teacher-led
classes demonstrated its effectiveness, as shown by significant increases in students' creative
thinking abilities, with average N-Gain scores of 0.702 and 0.707 respectively. These findings
confirm that the PBL-based e-book is a valid, feasible, and impactful learning resource that
promotes active, student-centered engagement in physics education.

Despite its promising results, this study was limited to a specific topic of optical devices, a
single school setting, and a relatively small sample size. Future research should explore broader
physics topics, involve diverse educational contexts, and utilize larger samples to strengthen the
generalizability of findings. In addition, comparative studies involving other instructional models,
such as inquiry-based learning, project-based learning, or discovery learning are recommended to
further examine their effects on various aspects of student learning, including motivation,

attitudes, and higher-order thinking skills.
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