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Abstract: The research developed an interactive chemistry activity book on
hydrocarbon topics using modified 4D (Define, Design, and Develop)
model. Validation by six experts yielded material and media validity scores
of 0.78 and 0.80, respectively. Practicality tests involving students of SMA

Negeri 1 Kalasan obtained an average score of 92.2%, and an effectiveness
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Introduction

Chemistry is a natural science that is closely linked
to our daily lives. However, materials in chemistry are
generally abstract, graded and structured. Furthermore,
chemical concepts are continuously applied to solve
various problems in chemistry or to learn new chemical
concepts (Kean & Middlecamp, 1985). This fact showed
that students face various difficulties in studying
chemical concepts. This abstract concept requires
understanding high-level thinking skills (Lai, 2007).

Various methods have been developed to increase
learning effectiveness and motivation. Students can be
motivated by using learning media, which are available
various variations. Among these are learning media in
the form of games, books, pictures, objects, and so on.
This is intended to arouse students’ interest in dealing
with learning topics (Hasanah & Sumiharsono, 2017).

One type of learning media that can be specifically
developed to promote students' understanding of
chemistry is the development of activity books on
chemistry topics. The researchers found that no data
suggested the development of activity books for higher-
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of as achieved at 79%. Thus, the activity book is considered valid, practical,
and effective for supporting chemistry learning.
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level chemistry topics. Activity books are generally
aimed at children with creative materials such as games,
puzzles and quizzes. Activity books are usually filled
with exciting illustrations, pictures and writings. In
addition, the interactive capabilities of activity books can
support the improvement of higher order thinking skills
(HOTS) in students (Dewi et al., 2019).

One chemical material that has the potential to be
effective when developed in the form of an activity book
is hydrocarbon material. Based on observations,

students will experience misconceptions about
hydrocarbon material in the following concepts
(Qodriyah et al., 2020).

Lack of optimal basic knowledge, lack of
enthusiasm for learning and peer pressure are some of
the causes of students' misconceptions about chemistry
in  hydrocarbon  materials. Students develop
misunderstanding based on everyday experiences,
students' initial ideas, and teachers' teaching strategies
(Sundaygara et al., 2021). This urgency was therefore the
basis for the development of an activity book on
chemistry (hydrocarbons) that was carried out.
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Table 1. Students' Misconceptions About Hydrocarbon
Material
Concepts in Hydrocarbon Materials

Misconception (%)

Hydrocarbon compounds 221
Carbon atom specificity 23.6
Types of carbon atoms 229
Structure of hydrocarbon compounds 24.8
Physical and chemical properties of 31.7
hydrocarbons

Hydrocarbon isomers 45.1
Reactions of hydrocarbon compounds 31,4

Activity books are designed to help develop
students' learning skills, generally specifically for
students at the elementary level. Activity books can be
essential in formal education, particularly in increasing
children's interest and ability in literacy by encouraging
interactive reading (Merga, 2017). In addition, the skills
from the presented activities are also helpful for students
in improving their understanding and skills. Therefore,
combining this activity book concept with abstract
chemistry learning concepts is possible to help students
to learn chemistry effectively and efficiently. Activity
books as an interactive media involve a language
approach, a literature-based reading program and an
adapted program to balance reading and
comprehension (Zhang et al., 2021).

Activity books have several advantages compared
to other textbooks, which usually only have literary or
theoretical content. Activity books as an interactive
media help activate brain parts related to narrative
understanding and mental imagery (Merga, 2017). Other
research also states that an interactive book is needed
because current conditions involving high stimulation
media, especially through gadgets, are eliminating
students' interest in conventional media (Wei & Li,
2023).

Aside from the improvement aspects mentioned
above, the use of activity books results in student taking
an active role in learning rather than just being listeners.
In addition, activity books can also involve an interactive
role between teachers or learning assistants and students
through comments or questions about explanations not
explicitly stated in the activity book. The interactive role
in question refers to media as a product to which
students can react so that the contained therein becomes
complete or can be describe as interactive since there is
a reciprocal reaction between the media and the user
(Vicente, 2020). Activity books also increase students'
concentration on the material because the activity books
also provided engaging illustrations and narratives
outside of the activities provided. The contribution of
activities that increase students’ participation in learning
also strengthens students” understanding (Zhang et al.,
2021). This active participation can be triggered by
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activity books that promote awareness of reading and
writing activities, monitoring the comprehension
process through representative narratives and student
activities (Inalcik & Angin, 2021).

Activity books have been developed for elementary
school students to increase students' motivation and
curiosity. Utami et al. (2023) developed a STEAM-based
activity book on the topic of "Myself" for first-grade
elementary school students. After learning using this
activity book, the students were interested and
enthusiastic. Furthermore, STEAM-based activity books
were developed on Natural and Social Sciences (IPAS)
learning for 5th grade elementary schools (Septianiet al.,
2024). Students' curiosity increased after learning with
this activity book. However, the development of an
activity book based Higher Order Thinking Skills
(HOTS) on Hydrocarbon material for Senior High
School students has never been developed.

This study aims to describe the development of
learning media in the form of Hydrocarbon activity
books and determine the eligibility of the product based
on valid, practical, and compelling values. The validity
of the activity book is considered in two ways: material
expert validity, which includes features, material and
literacy aspects, and media expert validity, which
includes aspects of quality, language and practicality.
The practicality of the media is reflected in the results of
students” response questionnaires. The effectiveness of
the media is reviewed from the results of students' test
scores after they are treated using the media. The
eligibility of the activity book in this study are analysed
by results of validity, practicality and effectiveness
criteria.

Method

Researchers conduct product development
initiatives through interactive learning media like
activity books. Development was carried out using the
4D model of Thiagarajan, Semmel, and Semmel (1974),
which was modified into a 3D model. Thus, three main
steps are carried out in the form of defining, designing
and developing. The definition is carried out by
conducting interviews and questionnaires regarding
students' needs for the product. Subsequently, the
design phase was carried out by creating an activity
book based on the analysis results carried out using
CorelDraw 2020® software. The results created were
developed based on eligibility tests using validation,
trials whose review included the results of evaluation
questions, and student response questionnaires.

In this research the product was validated by 6
validators (2 lecturer, and 4 high school teachers).
Product validation results are analyzed using
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quantitative analysis. This data was calculate using
Equation 1 (Aiken, 1985). The product that has been
developed is declare valid, if the validation result
obtained > 0.75.

- XS
V= n(c-1) (1)

Products that have been developed and received
some comment from validators in the validation process.
In order to determine the practically scale of the
developed product, the product was tested on 30 high
school students. The results obtained were analyzed
using Equation 2. The results obtained were interpreted
for their practicality using the criteria presented in Tabel
2.

_ XSe

P =22 x100% )
Note:
P :Percentage
>¥Se : The number of students answer scores for each
aspect.
¥Sh : The maximum score for each aspect

Table 2. Product Practicality Criteria (Akbar, 2015)

Score Criteria
81 <x <100 Very Practical
61 <x< 80 Practical
41<x< 70 Quite Practical
21<p <40 Less Practical
0<x<20 Not Practical

To determine the effectiveness of the product, it
was analyzed using Equation 3. The results obtained
were compared with the product effectiveness criteria
presented in Table 3.

Percentage = g x 100% (3)
Note:

P :Number of scores from respondent
N : Number of score maximum

Table 3. Product Effectiveness Criteria (Riduwan, 2011)

Percentage (%) Criteria
81.00-100 Very effective
61.00-80.00 Effective
41.00-60.00 Fair
21.00-40.00 Less effective
1.00-20.00 Not effective
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Result and Discussion

Hydrocarbon Material Activity Book Validation

The product was developed refers to a modified 4D
(Thiagarajan et al., 1974), turned into 3D which includes
defining, designing and developing. The defining phase
included the survey for students and teachers in High
School in Sleman, Yogyakarta. Based on survey with
teachers and students, learning chemistry has been
carried out using student worksheet which contains
materials dan practice questions. However, it did not
contain activities that encourage students to develop
concepts through specific activities. Based on these
problems, the development of learning media that help
students to develop concepts as a supplement to the text
book.

The second phases were designing hydrocarbon
material activity book. The designing of the activity book
product is done by creating storyboard. Storyboard were
created to make writing content and product features
easier. The next step was the creating of a layout. The
layout was created base on the chronology of the

hydrocarbon material according to the basic
competencies and indicators of competency
achievement.

The content of hydrocarbon materials activity book
developed consists of a glossary, an introduction, a
concept map, a topic on uniqueness of carbon atoms, a
topic on classification and naming of hydrocarbons, a
topic on properties and reaction of hydrocarbon, and a
topic on isomers and bibliography. The activity book
design was created using the CorelDraw 2020®
application. The product concludes with practice
questions, which were also listed on the product in form
of a QR code, which leads to 10 multiple choice questions
that can be accessed on Quizziz page.

The product consists of material and activities. The
material is presented in comic form. This comic was
created from the perspective of a reader participating in
the dialogue. It contains various material information
about hydrocarbon materials and examples of activities
performed in this product. The material content of the
product are shown in Figure 1.

VaNG terari Gor, oo 5N P CRArbOn GLEGLR LK
esuanua

Figure 1. The material in the product
998



Jurnal Penelitian Pendidikan IPA (JPPIPA)

The activities contained in this product are
available in various forms. The activities created relate
to activities usually found in children’s activity books
which are modified to suit hydrocarbon material in class
XI high school students. There are activities that can be
completed by filling in, drawing or doing puzzles
directly on the book. The product also carries out with
the help of complementary media such as stickers. The
activity contents of the product are shown in Figure 2.
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Figure 2. The activity content in the book

The product was validated by validator who
assessed several aspects. The are six validators who
assessed the product. The validator were lecturers and
teachers in several schools. The results from validators
were used as a reference at the next phase. The product
validation result was analyzed (Aiken, 1985). The result
of validation are shown in Table 4.

Table 4. Product Validations Result

Assessment Aspect Value (Average) Criteria
Characteristic 0.78 Valid
Content Material 0.78 Valid
Literacy 0.79 Valid
Quality 0.83 Valid
Language 0.80 Valid
Navigation 0.80 Valid
Total Average 0.78 Valid

Based on Table 4, the validation result was 0.78.
Based on Tabel 4 (Aiken, 1985), the product has the met
the valid criteria. Then product be implemented for the
students. The validity of the activity book being
developed is assessed by producing material concepts
that are attractively packaged, yet are still supported by
complete and credible hydrocarbon material
information. Validity is also evident through product
design and grammar efforts that donot create ambiguity
and misconceptions among students. The visual design
and packaging are also designed with an attractive and
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quality concept. The activity book is also supported by
appropriate navigation that makes it easier for students
to use the activity book through a table of contents,
glossary, and instructions for each activity.

The results of this study are also in line with the
results of research conducted by Ananda et al. (2023),
and Yusuf et al. (2020) the validity value of e-module
based inquiry is above 0.75 in the material aspect. In
material aspect, the activity book is arranged according
to the components contained in the e-module, which
consist of core competencies, basic competencies,
competency achievement indexes, and learning
materials (Rochmad, 2012). In the language aspect, a
validity value of 0.80 was obtained, this validity value is
declared valid (Aiken, 1985). The validity value of this
language aspect is in line with research conducted by
Putri et al. (2024) with a validity value above 0.80. The
results of this validity show that the language used in
the activity book is understandable to readers. The
indicators used in the language aspect include that the
language used was clear and easy to understand,
communicative and was not use regional languages
(Adelia et al., 2023).

In the next phase is product implementation. This
was done to determine the practicality and effectiveness
of the product that has been developed. The product was
used for a chemistry learning. Then, students work on
activities based on the activities contained in the
product. Next, students fill out a questionnaire
containing the practicality of the product that has been
developed. The result of practicality of the product are
presented in Table 5.

Table 5. Product Practicals Results

Aspects Value (Average) Category
Quality 89% Very Good
Motivation 90% Very Good
Language 89% Very Good
Appearance 97% Very Good
Clarity 94% Very Good
Benefit 94% Very Good
Total Average 92.2% Very Good

Based on Table 5, the results show that the
developed product has practical criteria with an average
score of 92.2%. The value obtained is very high, this
means that the product has very good quality in
motivation, language, appearance, clarity, and benefit.
The assessment results given by students show that the
product developed is interesting (Ratnasari et al., 2023).
Learning with interesting media and various activities
can increase students' creativity (Martono, 2021).

The product was developed are implemented in the
learning process at SMA Negeri 1 Kalasan. Students
learned Hydrocarbon material by using products that
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have been developed, then students answered questions
about hydrocarbon materials. The aims of this activity
are to determine the effectiveness of the product that
have been developed. The effectiveness of the product is
79% percentage in effective (Riduwan, 2011), the
product was attractive, easy to earn and can stimulate
students’ interest in learning. These results show that
activity books are effective, students managed to achieve
an average score of 79% by applying the knowledge
acquired in their learning sessions using activity book
media. This effectiveness value is lower compared to the
use of hydrocarbon e-modules in chemistry learning
(Kartikasari, 2021). In the Hydrocarbon e-module, the
learning material is presented in a complete and
structured manner (Safitri et al., 2022). Students feel
more comfortable when the information is presented
completely (Canboy et al., 2016).

The effectiveness value of using activity books is
almost the same as the effectiveness value of using e-
modules integrated with HOTS (Adella & Dalimunthe,
2024). The use of HOTS-based modules can improve
students' critical thinking skills compared to the use of
conventional textbooks (Sugiharti et al., 2024). HOTS-
based learning encourages students to be active in every
learning activity (Retnawati et al., 2018). Activity books
stimulate student activity by providing material input
that can be accessed independently, and the form of
games presented stimulates students' fun, motivation,
adrenaline, excitement, creativity, and emotion so that
they can help them learn hydrocarbon as a new learning
material more effectively than conventional learning
methods (Vandercruysse et al., 2012).

Conclusion

Based on the research conducted, the following
conclusions were drawn. Development of interactive
chemistry media products: Activity Books on
Hydrocarbon Materials can be carried out using 3D
models. The results of developing interactive chemistry
media products: Hydrocarbon Materials activity books
have appropriate value for use as learning media.
Feasibility is reviewed from the validation, practicality,
and effectiveness values. From the results of product
validation research by material experts, it is known that
it has a valid value with a validity value of 0.78. The
results of the product validation by media experts show
a valid value of 0.80. Effectiveness is obtained by the
average score of students on material assessment
questions, namely 79%, indicating that students have
achieved  effective criteria for understanding
hydrocarbon material. Also, practical applicability is
obtained from students' very positive responses to the
product through student response questionnaires with
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an average score of 922%. Future studies are
recommended to apply the activity book in various
chemistry topics and conduct longitudinal studies to
assess its long-term impact on conceptual
understanding.

Acknowledgments

This research is supported by Sanata Dharma Faculty of
Mathematics and Natural Sciences and Sanata Dharma
Student Welfare Agency.

Author Contributions

The author greatly contributed to the creation of this article,
starting from the initial stages of research until the completion
of this article.

Funding
No external funding.

Conflicts of Interest
No conflict interest.

References

Adelia, D., Linda, R., & Erna, M. (2023). Development of
E-module based on Multiple Representation to
Improve the Competence of Chemical Literacy and
Learning Independence of Students on the
Material Reaction Rate. Jurnal Penelitian Pendidikan
IPA, 9(12), 11101-11110.
https:/ /doi.org/10.29303 /jppipa.v9il2.5541

Adella, L., & Dalimunthe, M. (2024). Pengembangan e-
Modul STEM (Science, Technology, Engineering,
Mathematic) Terintegrasi HOTS (Higher Order
Thinking Skills) pada Materi Laju Reaksi. Jurnal
Pendidikan Kimia FKIP Universitas Halu Oleo, 9(2),
127. https:/ /doi.org/10.36709/jpkim.v9i2.85

Aiken, L. R. (1985). Three Coefficients for Analyzing the
Reliability and Validity of Ratings. Educational and
Psychological Measurement, 45, 131-142.
https://doi.org/10.1177/0013164485451012

Akbar, S. (2015). Instrumen Perangkat Pembelajaran.
Remaja Rosda Karya.

Ananda, P. N., & Usmeldi, U. (2023). Validity and
Practicality of E-Module Model Inquiry Based
Online Learning to Improve Student Competence.
Jurnal Penelitian Pendidikan IPA, 9(4), 2010-2017.
https:/ /doi.org/10.29303 /jppipa.v9i4.3563

Canboy, B., Montalvo, A., Buganza, M. C., & Emmerling,
R. J. (2016). ‘Module 9: a new course to help
students develop interdisciplinary projects using
the framework of experiential learning theory.
Innovations in Education and Teaching International,
53(4), 445-457.
https://doi.org/10.1080/14703297.2014.975150

1000



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Dewi, R. K., Wardani, S., Wijayati, N., & Sumarni, W.
(2019). Demand of ICT-based chemistry learning
media in the disruptive era. International Journal of
Evaluation and Research in Education, 265-270.
Retrieved from
http:/ /files.eric.ed.gov/fulltext/EJ1220881.pdf

Hasanah, H., & Sumiharsono, R. (2017). Media
Pembelajaran: Buku Bacaan Wajib Dosen, Guru dan
Calon Pendidik. Pustaka Abadi.

Inalcik, G., & Angin, D. (2021). An Evaluation of
Activity Books in Terms of Outcomes and
Learning Processes Related to Food and Nutrition.
Kuramsal Egitimbilim, 14(1), 38-63.
https:/ /doi.org/10.30831/akukeg.797081

Kartikasari, S. (2021). Pengaruh Penggunaan e-Modul
Mate Pengaruh Penggunaan e-Modul Materi
Senyawa Hidrokarbon dalam Pembelajaran
Mandiri Kelas XI di SMA Negeri 3 Palangka Raya
Tahun Pelajaran 2020/2021. JRPK: Jurnal Riset
Pendidikan Kimia, 11(2), 74-81.
https:/ /doi.org/10.21009/jrpk.112.03

Kean, E., & Middlecamp, C. (1985). Panduan Belajar Kimia
Dasar. Gramedia.

Lai, A. F. (2007). The Development of Computerized
Two-tier Diagnostic Test and Remedial Learning
System for Elementary Science Learning. Advanced
Learning Technologies, 1-2.
https:/ /doi.org/10.4018/jdet.2010010103

Martono. (2021). Educational Values in Busy Book for Early

Childhood Learning. Retrieved from
http:/ / creativecommons.org/licenses / by-
nc/4.0/

Merga, M. K. (2017). Interactive reading opportunities
beyond the early years: What educators need to
consider. Australian Journal of Education, 86, 328-
343. https:/ /doi.org/10.1007 /BF03652018

Putri, H. S., Oktavia, B., Yerimadesi, & Alizar. (2024).
Development of E-Module Acid-Base Based on
Problem Based Learning Oriented Chemo-
Entrepreneurship to Improve Student’s Critical
Thinking Skills. Jurnal Penelitian Pendidikan IPA,
10(7), 4033-4039.
https:/ /doi.org/10.29303 /jppipa.v10i7.7943

Qodriyah, N. R.,, Rokhim, D. A., Widarti, H. R,, &
Habiddin. (2020). Identifikasi Miskonsepsi Siswa
Kelas XI SMA Negeri 4 Malang Pada Materi
Hidrokarbon Menggunakan Instrumen Diagnostik
Three Tier. Jurnal Inovasi Pendidikan Kimia, 14,
2642-2651.
https:/ /doi.org/10.15294 /jipk.v14i2.24293

Ratnasari, Utami, K., Rahayu, D., & Saputra, E. P. (2023).
Pengembangan Activity Book Berbasis STEAM
Sebagai Media Pembelajaran Abad 21 di Kelas 1
SD. ELSE (Elementary School Education Journal),

April 2025, Volume 11, Issue 4, 996-1002

7(1),
http://dx.doi.org/10.30651/ else.v7i1.13673

Retnawati, H., Djidu, H., Apino, E., & Anazifa, R. D.
(2018). Teacher's Knowledge About Higher Order-
Thinking Skills and Its Learning Strategy. Problems
of Education in the 21st Century, 76(2), 215-230.
Retrieved from
https:/ /www .scientiasocialis.It/ pec/node/files /
pdf/vol76/215-230.Retnawati_Vol.76-2_PEC.pdf

Riduwan, S. (2011). Pengantar Statistika untuk
Penelitian Pendidikan, Sosial, Ekonomi, Komunikasi,
dan Bisnis. Alfabeta.

Rochmad. (2012). Desain Model Pengembangan Perangkat
Pembelajaran Matematika. FMIPA UNNES

Safitri, N. A., & Rohiat, S. (2022). Pengembangan E-
Modul Kimia Menggunakan Aplikasi Flip PDF
Corporate  Edition Pada Materi Larutan
Penyangga. Jurnal Pendidikan Dan llmu Kimia, 6(2),
156-164. Retrieved from
https:/ /ejournal.unib.ac.id/alotropjurnal /article /
view /25512

Septiani, Y., & Oktaviarini, N. (2024). Pengembangan
Activity Book Berbasis STEAM pada Pembelajaran
IPAS Materi Bagaimana Kita Hidup dan
Bertumbuh Kelas V SDN 1 Demuk Pucanglaban
Tulungagung. Journal on Education, 07(01), 3277-
3290. Retrieved from
http:/ /jonedu.org/index.php/joe

Sugiharti, G., Siregar, M. 1., Samosir, D., & Anugrah, A.
N. (2024). Improving Student’s Critical Thinking
Ability Using HOTS-Based Modules in Chemistry
Learning. Journal of Ecohumanism, 3(4), 118-127.
https:/ /doi.org/10.62754 /joe.v3i4.3494

Sundaygara, C., Gusi, L. A. R. P., Pratiwi, H. Y., Ayu, H.
D., Jufriadi, A., & Hudha, M. N. (2021).
Identification students” misconception using four-
tier diagnostic test on Newton Law subject. In
Journal of Physics: Conference Series (Vol. 1869, No. 1,

1-7.

p- 012157). 10P Publishing.
https:/ /doi.org/10.1088/1742-
6596,/1869/1/012157

Thiagarajan, S., Semmel, D. S., & Semmel, M. 1. (1974).
Instructional Development for Training Teachers of
Exceptional ~ Children. National Center for
Improvement of Educational Center.

Utami, K., Rahayu, D., & Rahayu Saputra, E. (2023).
Pengembangan Activity Book Berbasis STEAM
Sebagai Media. ELSE (Elementary School Education
Journal), 71), 1-7.
http:/ /dx.doi.org/10.30651/else.v7i1.13673

Vicente, P. N. (2020). Interactive Media. In The
International Encyclopedia of Mass Media and Society.
SAGE Publications.

1001



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Wei, X., & Li, J. (2023). Interactive design method for
children’s table screen. Journal of Innovation and
Development, 2(3), 67-69.
http:/ /dx.doi.org/10.54097 /jid.v2i3.7278

Yusuf, I, Widyaningsih, S. W., Prasetyo, Z. K., &
Istiyono, E. (2020). Higher order thinking skills
(HOTS)-oriented e-module in electric circuit.
Journal of Physics: Conference Series, 1521(2).
https:/ /doi.org/10.1088/1742-
6596,/1521/2/022027

Zhang, X., Thili, A., Shubeck, K., Hu, X., Huang, R., &
Zhu, L. (2021). Teachers” adoption of an open and
interactive e-book for teaching K-12 students
Artificial Intelligence: a mixed methods inquiry.
Smart Learning Environments, 8(34).
https:/ /doi.org/10.1186/s40561-021-00176-5

April 2025, Volume 11, Issue 4, 996-1002

1002



