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ABSTRACT

This study investigates the development and effectiveness of a STEM-based flipbook designed to
enhance students’ scientific creativity in biology, specifically focusing on environmental change
topics. Scientific creativity is increasingly vital in addressing technological and societal challenges,
prompting the integration of STEM elements into educational materials. The flipbook was developed
using the ADDIE model, encompassing five stages: analysis, design, development, implementation,
and evaluation. During the design stage, STEM components —science, technology, engineering, and
mathematics —were embedded to support student engagement and understanding. The research
involved 31 Grade X students and utilized pre-test and post-test assessments to measure the impact
on scientific creativity skills. Data analysis was conducted using quantitative descriptive methods
and SPSS software for statistical testing. Expert validation indicated excellent content and media
quality (95% and 97.5%, respectively), affirming the flipbook’s educational relevance. Results showed
a significant improvement in students’ scientific creativity, with average scores rising from 71.4 to
90.4 and an N-Gain of 0.44, categorized as moderate. The Wilcoxon test yielded a p-value of 0.001,
indicating statistically significant improvement. Teacher and student responses were highly positive,
with 100% and 85% satisfaction ratings, respectively. These findings suggest that STEM-based
flipbooks can effectively enhance students” creative thinking and problem-solving skills in biology.
The study concludes that interactive STEM-integrated materials are valuable tools for fostering 21st-
century skills and recommends broader implementation in science education to improve learning
outcomes and student engagement.
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Introduction

In the 21st century, education is crucial in preparing high school students for the challenges
and opportunities they will face in a rapidly evolving world. The educational landscape has
shifted towards emphasizing the acquisition of 21st-century skills essential for students to
thrive in the modern workforce. These skills encompass critical thinking, communication,
collaboration, creativity, and technological literacy (Komari, 2024). Research indicates that
STEM education, focusing on science, technology, engineering, and mathematics, is a
valuable avenue for cultivating these skills among students (Xu & Zhou, 2022). STEM-based
teaching materials have gained popularity due to their effectiveness in enhancing students'
logical reasoning, problem-solving abilities, and collaborative skills, integral components of
21st-century learning (Nilyani et al., 2023), including scientific creative thinking.

The issue of scientific creative thinking in Indonesia, particularly within science
education, has become a critical concern that requires attention and significant improvement.
Scientific creativity, defined as the ability to express oneself innovatively, plays a vital role in
shaping students' problem-solving abilities, especially when combined with the rapidly
advancing world of technology. This relationship can profoundly affect academic
performance and the development of essential skills in students (Park et al., 2020). Scientific
creativity is also a key dimension of creative thinking, scientific knowledge, and the skills
necessary for scientific research (Nursiwan & Hanri, 2023). However, various studies have
highlighted challenges Indonesian students face in nurturing their creative thinking skills
within scientific disciplines. For instance, Sumarni et al. (2020) found that 7th-grade students
struggled significantly with creative thinking, stressing the importance of intervention
strategies to enhance these skills. Similarly, Astawan (2023) explored how STEM-based
learning can boost critical and creative thinking, indicating that innovative teaching methods
are necessary to foster creativity. The 2013 curriculum, which aims to promote higher-order
thinking skills, further reflects the systemic effort to improve critical and creative thinking in
education (Utami et al., 2019). Despite these efforts, research conducted at a private high
school in Bekasi City revealed that scientific creativity skills are still low and remain
underdeveloped. According to teacher interviews, students show limited engagement in the
learning process, with many perceiving environmental change topics as challenging to
understand. The school still relies heavily on traditional, printed textbooks, which are often
limited to basic biology content without stimulating students' creativity (Pujawan et al.,
2022). Statistical data supports this concern, with a study by Daryanto (2021) revealing that
over 60% of students in Indonesian high schools” struggle with integrating creative thinking
into scientific learning, primarily due to outdated teaching materials and a lack of interactive
learning strategies.

The limited implementation of STEM-PjBL (Project-Based Learning) in schools, which
is only occasionally applied in projects like the growth of green bean seeds, further
exacerbates the issue, leaving a gap in the development of students' scientific creativity skills
(Mulyono, 2020). To address these challenges, researchers have proposed integrating modern
teaching tools, such as STEM-based flipbooks, which have effectively enhanced student
engagement and fostered creativity in the learning process (Tariq & Ali, 2022). The flipbook
format, enriched with STEM features, offers an innovative approach allowing students to
explore complex concepts like environmental changes interactively, promoting creativity and
more profound understanding (Susanto et al., 2021). As such, there is a pressing need for
educational reform to incorporate these digital, interactive resources into the learning
environment better to support the development of scientific creativity in Indonesian students.

Methods

The method used in this study is the research and development method (Research and
Development) using the ADDIE development model. This model consists of five main stages:
Analysis, Design, Development, Implementation, and Evaluation. In the first stage (Analysis), the
researcher analyzes the learning process, learning media, methods, models, learning approaches,
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assessment of biology learning outcomes, understanding of environmental change material, and
students' creative thinking skills through observation, interviews, and surveys. In the second stage
(Design), the researcher determines the flipbook design theme, designs the material's content
according to learning outcomes, and determines the learning objectives in the environmental
change material through discussions and literature studies. Furthermore, the researcher designs
the material's content using Canva and Flipbook applications. In the third stage (Development),
the product is continued to the validation stage by a team of experts to measure the feasibility level
and provide suggestions and input from the validators of the material, media, and essay question
instruments.

The validation process of the STEM-based flipbook involved two experts: one
specializing in material validation and the other in media validation. These experts assessed
the flipbook based on specific criteria, ensuring its educational quality and usability. The
material validation expert focused on several key aspects: content feasibility, which assessed
whether the educational content was accurate, relevant, and aligned with learning objectives;
language feasibility, ensuring that the language used in the flipbook was clear, appropriate,
and easily understood by students; and the presentation aspect, which evaluated how
effectively the material was organized and presented to facilitate student comprehension.
Furthermore, the expert also evaluated the aspect of independent learning, which examined
how well the flipbook encouraged self-directed learning among students. On the other hand,
the media validation expert evaluated aspects such as the aesthetic quality of the flipbook, its
interactivity, and the usability of digital elements like animations and links. These experts
used a Likert-scale instrument for scoring each aspect, where scores above 85% were
considered highly valid, ensuring the reliability and relevance of the flipbook for educational
use.

In the fourth stage, the flipbook was implemented in a class of 31 Grade X students in
one of the private high schools in Bekasi City, over three meetings. The learning process
utilized the STEM-based flipbook and the Project-Based Learning (PjBL) model, which was
designed to foster active student engagement and creativity. An essay question instrument
was developed to measure students' creativity, which consists of 7 questions according to the
indicators of scientific creative thinking skills. The indicators of creative thinking skills
measured include problem finding, product improvement, science imagination, science
problem solving, and innovative product design. Data analysis techniques used in this study
include quantitative descriptive analysis and statistical testing using SPSS software version
29.

The fifth stage involved distributing questionnaires to teachers and students to evaluate
the effectiveness of the flipbook. The teacher questionnaire consisted of 10 items focusing on
the efficacy of the flipbook in enhancing student engagement, its contribution to fostering
scientific creativity, and its alignment with the curriculum. The student questionnaire,
comprising 10 items, assessed their perceptions of the flipbook’s ability to aid their
understanding, its user-friendliness, and its impact on fostering independent learning and
creativity. Additionally, essay questions were used to assess students’ scientific creativity,
with specific indicators such as problem-solving abilities, creative concept generation, and
applying learned concepts to real-world scenarios.

The reliability and validity of the instruments were tested to ensure scientific rigor. For the
questionnaires, reliability was assessed using Cronbach's alpha, with a threshold of 0.7
indicating acceptable reliability. The validity of the instruments was confirmed through
expert reviews and a pilot test conducted with a small group of students and teachers before
the main data collection. The expert validation and pilot testing results indicated that both
the teacher and student questionnaires were valid and reliable for measuring the desired
aspects of learning effectiveness. The essay tests were also validated through expert review,
ensuring that the questions accurately measured the indicators of scientific creativity. This
rigorous validation process guaranteed that the instruments used in the study were
scientifically sound and capable of capturing meaningful data on the effectiveness of the
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STEM-based flipbook in enhancing students' scientific creativity.

Results and Discussion

This research is a developmental research on STEM-based environmental change material in
the form of a flipbook. The development of this flipbook aims to train and develop the
creative thinking skills of grade X high school students. The development of a STEM-based
flipbook goes through 5 stages, where the results are as follows: In the first stage (analysis),
the results of interviews, observations, and surveys showed that students' scientific creativity
skills were not trained enough by teachers during the learning process, teachers had not
applied the STEM approach in biology learning so that students still had difficulty in
developing ideas or concepts in real form. Another finding is that teachers and students
generally use printed books provided by the school and learning methods often used
conventionally with media in the form of visualization and audio-visual. In the second stage
(design), environmental change material was developed by inserting 4 STEM (Science,
Technology, Engineering, and Mathematics) features through the Canva application.
Teaching materials are equipped with text, image visualizations, and video animations. Then,
the digital book (e-book) design was converted using Heyzine software to look like a flipbook
(Figure 1). Furthermore, the researcher developed a learning plan in the form of a teaching
module and an evaluation instrument in the form of a pre-test and a post-test in the form of
an essay to measure students' scientific creativity.

FLIPROOK
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Figure 1. Sections in a STEM-based Flipbook on environmental change material (a) opening cover (b)
closing cover (c) material content (d) bio-science features (e) bio- technology features (f) bio-
engineering features (g ) bio-mathematic features (h) student worksheets (i) STEM project sheets

In the third stage (development), the flipbook teaching media was validated by two
experts, including a material validation expert and a media validation expert. The aspects
used in this validation are the aspects of content feasibility, language feasibility, presentation,
and independent learning. The results obtained from various validators were that the
material validator scored 95% and the media validator 97.5%. This follows Arikunto (2020),
who stated that a product or media can be suitable for use in learning if the percentage figure
obtained from the results of respondents is a minimum of 61%. The following compares the
percentage results of scores from several validators calculated using a Likert scale presented
in Figure 2.

100% - 95% 97.50%
90%
80%
70%
60%
50% 1
40% |
30%
20%
10%

Percentage

Material Media
Judgment Experts

Figure 2. Tabulation of validation results

The bar chart from Figure 2 underscores the effectiveness of the flipbook in both content
and media design. The high percentages (95% for material and 97.5% for media) from
judgment experts suggest that the flipbook is a well-rounded educational tool capable of
enhancing students' scientific creativity and understanding of environmental changes
through the integrated use of STEM principles. The nature of teaching materials can be
divided into four categories: skills, principles, concepts and facts seen from the content
aspects such as the suitability of learning objectives, the suitability of the material with the
indicators used, the clarity of the material description, the clarity of the material description,
the accuracy of the animation displayed, the accuracy of the sequence of the material,
examples of questions, and exercises do not confuse students.

In the fourth stage (implementation), STEM-based flipbooks were used in biology
learning on Environmental Change material for three meetings with the Project-Based
Learning model. This product trial was tested to determine how much influence the flipbook
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media had on student learning, including student thinking skills, attractiveness,
effectiveness, and efficiency in student learning. Before being given treatment in learning to
measure scientific creativity skills, students carried out a pre-test activity. After being given
treatment at the end of the meeting by carrying out the post-test activity, the results were
calculated and accumulated using a statistical test, namely the first stage of the N-Gain
calculation. The results of the N-Gain calculation in the pre-test and post-test of scientific
creativity skills are as follows:

Table 1. N-Gain calculation results

Average Score N-Gain Score L
Students Total Pre-tost Post-test Description
31 71,4 90,4 0,44

Table 1 shows that STEM-based flipbooks significantly improved student performance
(scientific creativity skills), with pre-test scores averaging 71.4 and post-test scores averaging
90.4. The N-Gain score of 0.44, categorized as medium, indicates that the intervention had a
positive impact, but with room for improvement. While this score demonstrates a significant
improvement in students' performance—confirmed by a Wilcoxon test with a p-value of
0.001, indicating statistical significance —it also signals that the flipbook's effectiveness may
not be maximized. A moderate N-Gain suggests that the flipbook, while beneficial, could be
further refined to achieve higher learning outcomes.

The moderate score could indicate several areas for improvement. Despite the positive
feedback from both teachers and students, the flipbook's content and design might require
additional interactive or engaging elements to stimulate student creativity further. Previous
research by Astawan (2023) and Sari et al. (2020) has highlighted the potential for integrated
STEM tools to foster higher-level critical and creative thinking when appropriately designed.
Therefore, future iterations of the flipbook could explore incorporating more real-world
applications, case studies, or deeper problem-solving activities to challenge students' creative
thinking abilities further. Additionally, more frequent or extended use of the flipbook in
classroom settings could boost the N-Gain score.

In this STEM-based flipbook, there are various features related to STEM (Science,
Technology, Engineering, and Mathematics) to support students in practicing scientific
creativity skills on environmental change material. The STEM feature presents case studies
on the sub-materials contained in the flipbook. The first feature, namely the science feature,
is conceptualized to invite students to use scientific knowledge in understanding the natural
world and the ability to participate in making decisions in solving problems. Regarding its
implementation, students are asked to analyze issues related to the loss of environmental
balance. Mastery of the concept of science can provide students with a meaningful learning
experience because it helps them achieve high-level thinking and solve ecological problems
(Darmaji et al., 2019). Then, students are asked to share ideas/concepts in the feature
containing questions. The second feature, technology, is conceptualized to invite students to
develop a simple device that refers to current technology to solve water pollution and
household waste. This feature instructs students to determine what simple devices will be
developed to operate the project. Quality learning environments are pivotal in nurturing
students' problem-solving abilities and fostering inquisitiveness and open-mindedness
(Keindnen & Kairisto-Mertanen, 2019). By providing students with the freedom to think,
inspiring learning spaces, and leveraging technology effectively, educational institutions can
effectively cultivate innovation and creativity among students (Istiqomah, 2023).

The third feature, namely the engineering feature, is conceptualized with the aim that
students can implement the device through the engineering or design process regarding the
project to be created, as shown in Figure 9. This feature instructs students to design the project
to be created using the help of predetermined device materials. Understanding engineering
involves applying technology to solve problems and increase student creativity. The last
stage is the mathematics feature, which is conceptualized with the aim of students analyzing,
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formulating, and communicating solutions or efforts by connecting numeracy between
numbers and numbers. Integrated STEM learning based on Project Based Learning (PjBL)
adds evidence that design activities in learning can produce various innovative experimental
designs. This study found that Project-based STEM can be an effective method for fostering
creativity in students because students are encouraged to think critically and creatively when
designing and carrying out a project (Sari et al., 2020). This further supports the idea that
integrated learning by STEM based on PjBL can positively impact students' scientific
creativity.

The fifth evaluation stage is the last stage of the ADDIE development model. At this
stage, the teacher and student response questionnaires are filled out. Based on the results of
the teacher response questionnaire containing statements regarding aspects of product use,
learning content, and flipbook components, the student response questionnaire contains
statements regarding aspects of learning content, design aspects, language aspects,
independent learning aspects, and aspects of flipbook use. This shows that the teacher's
response was 100%, so it is included in the outstanding category. Meanwhile, the student
response showed a result of 85% and was included in the positive and excellent categories.
The high percentage obtained stated that students agreed this flipbook could train scientific
creativity skills. This can be proven by Astawan et al. (2023), who found that STEM-based
flipbooks positively impact students' critical and creative thinking skills. The education
process in the current information and communication technology era helps optimize
learning by developing STEM-based digital teaching materials, especially on environmental
change materials.

The STEM-based flipbook developed in this study, focusing on environmental changes,
offers a valuable model that can be adapted for other biology topics or even interdisciplinary
content. To expand its applicability, the flipbook format can be tailored to various biological
themes such as human anatomy, ecosystems, genetics, or biodiversity, integrating STEM
principles into each topic to foster scientific creativity and critical thinking. The interactive
and multimedia elements embedded in the flipbook (animations, images, and video) can
further enrich these adaptations, making abstract concepts more accessible and engaging.
Teachers can customize the content to suit the curriculum of different biology topics or cross-
disciplinary subjects, ensuring that learning is comprehensive and engaging. This flexibility
in adapting the STEM-based flipbook model to various content areas suggests that it can be
potent in fostering scientific creativity across various educational contexts, making learning
more interactive, dynamic, and connected to real-world challenges.

Conclusion

Developing and applying the STEM-based flipbook on environmental change material
significantly improved students' scientific creativity skills, as evidenced by the moderate N-
Gain score of 0.44. This indicates that while the intervention showed promising results in
enhancing students' creativity, there is still room for further refinement to achieve greater
gains. The flipbook received high validation scores from both material and media experts,
with ratings of 95% and 97.5%, respectively, confirming its high quality and educational
value. Statistical tests, including the Wilcoxon test, also supported the significant impact of
the flipbook on students' creativity, highlighting the effectiveness of the learning tool.
Positive feedback from teachers (100%) and students (85%) further underscores the tool's
ability to engage students and foster creative thinking.

For future research, it is recommended to explore the integration of additional STEM-
based features or multimedia elements further to enhance the interactivity and engagement
of the flipbook. Expanding the sample size and testing the flipbook in different educational
contexts would provide more robust data on its effectiveness. Additionally, incorporating
longer-term follow-up studies could help assess the sustainability of the improvements in
scientific creativity over time. Furthermore, investigating the potential of flipbook-based
learning in other scientific topics beyond environmental change would provide insights into
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this educational tool's versatility and broader application. Ultimately, the continued
development and refinement of STEM-based learning materials like flipbooks could play a
crucial role in fostering the critical thinking and creative problem-solving skills necessary for
students to thrive in the 21st century.
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