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Abstract: This study aims to develop a problem-based science learning
module in biodiversity material for grade VII students of SMP
Muhammadiyah Ambon. This research uses a 4-D development model from
Thiagarajan, which consists of the stages of defining, designing, and
developing. This study was conducted by involving 25 seventh grade students
as a research sample at SMP Muhammadiyah Ambon. Data was collected
through module validation, practicality questionnaires, and effectiveness
questionnaires. The results showed that the modules developed were very
valid, with a percentage of validation from material experts of 88%, media
aspects of 85%, and language aspects of 80%. The practicality test shows that
this module is very practical, reaching a percentage of 97%. Meanwhile,
student responses to modules and learning activities showed a high level of
effectiveness, with an average total response of 93.29%. Post-test results also
showed a high level of effectiveness, with a percentage of 84%. Also indicated
by a greater n-gain value equal to 0.8 in the high category. Based on the results
of this study, it can be concluded that the problem-based science learning
module on biodiversity material for grade VII students at SMP
Muhammadiyah Ambon is suitable for use in the learning process.
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Introduction

Science education plays an important role in
shaping a great generation. Learning science not only
helps students understand their surroundings but also
helps them develop important life skills, such as the
ability to communicate, stay organized and focused, and
even form their own opinions based on observations
(OECD, 2008). In addition, science also helps students
develop their curiosity and encourages them to seek
answers to their questions (Hadzigeorgiou & Schulz,
2019). Thus, it is important for us to continue to innovate
in science education to prepare students for future
challenges (Weinstein et al., 2018; Ballard & Mooring,
2021; Bi et al., 2019). One effective approach in science
learning is problem-based learning (PBL), which
encourages students to actively participate in solving
real-world problems through the use of scientific
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knowledge (Zheng et al., 2023; Rusmono, 2012; Marlina,
2018; Asmara & Septiana, 2023; Rubin & Sunarsi, 2016;
Cahyani & Setyawati, 2017; Lestari & Suyono, 2018;
Mardiyah et al., 2022; Syamsidah & Suryani, 2018;
Bayuningsih, et al. 2017).

Based on the results of observations at SMP
Muhammadiyah Ambon, the use of less interesting
textbooks and conventional learning are still challenges.
This is in line with Manurung et al. (2021) who stated
that there are still challenges in developing interesting
and motivating science learning for students. In
addition, a curriculum that focuses solely on cognitive
knowledge, and the conventional learning methods
used, may not be able to optimally activate students in
understanding biodiversity material (Yli-Panula et al.,
2018; Chin & Chia, 2004; Gray et al., 2009; Dikmenli,
2010).
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Based on previous studies, Problem-Based
Learning (PBL) has been known as an effective learning
method in science education (Akcay, 2009; Ernawati et
al., 2023; Etherington, 2011; Naviri et al., 2021; Nurhayati
et al., 2023; Uluginar, 2023; Sistermans, 2020; Dwi et al.,
2013; Cheriani et al., 2015). PBL encourages students to
actively participate in the learning process by using real-
world problems as a context for in-depth investigation.
Research shows that PBL can improve students'
academic achievement, conceptual development, and
attitudes toward science courses. However, the
implementation of PBL in science education still requires
more research, especially in specific contexts such as
learning biodiversity material. In addition, another
challenge is how to create teaching materials that are
interesting and motivate students.

Therefore, the development of a Problem Based
Learning (PBL) based science module on biodiversity
material for grade VII students at SMP Muhammadiyah
Ambon is important to improve interesting and effective
science learning. PBL-based modules can provide a
more interactive learning experience, motivate students,
and develop critical thinking skills and problem-solving
abilities.

This study aims to develop a PBL-based science
module on biodiversity material for grade VII students
at SMP Muhammadiyah Ambon, and to test its
effectiveness in improving students' understanding and
involvement in science learning. In addition, this study
is also expected to contribute to the development of
curriculum and learning methods at SMP
Muhammadiyah Ambon, as well as provide input for
teachers and schools in improving the quality of science
learning,.

Method

This research was conducted for 1 mounth at SMP
Muhammadiyah Ambon. The type of this research is
research and development (R&D). This research uses the
4-D model from Thiagarajan. The stages in this research
consist of the definiton, design and develop stages. The
population and sample of this research were 25 students
of class VII of SMP Muhammadiyah Ambon. The data
collection technique in this research used a module
validation questionnaire, a module practicality
questionnaire and a module effectiveness questionnaire.
The data analysis technique in this research includes (1)
module validation questionnaire analysis (2) module
practicality questionnaire analysis (3) and module
effectiveness questionnaire analysis consisting of
student response data analysis and student learning
outcome analysis. Validation, practicality and
effectiveness analysis based on student responses were
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carried out using a Likert scale with the criteria that the
module is declared feasible if the percentage reaches
>61.

Result and Discussion

The module was developed with the aim of testing
the level of validity, practicality and effectiveness. The
module was developed through several stages including
defining, design and develop stages. At the define stage,
researchers collect the information needed such as facts,
expectations and alternatives to choose the teaching
materials to be developed. While the design stage is the
stage where researchers prepare the framework of the
teaching materials to be developed by referring to the
results obtained from the define stage to design the
teaching materials.

After going through is define and design stages, the
developed module was validated before being tested.
Validation was carried out by three validators from the
aspects of material, media and language. Each validator
is a lecturer with a Masters degree. The results of expert
validation are shown in Table 1.

Table 1. Xpert Validation Results

Aspects Percentage (%) Categories
Subject matter 88 Very worthy
Media 85 Very worthy
Language 80 Worthy

Table 1 presents the validation results for module
development. It covers three aspects, namely material,
media, and language. The results of the material
validation received a percentage of 88% categorized as
very feasible. Media received a value of 85% also
categorized as very feasible. While the results of the
language validation obtained a validation percentage of
80%, categorized as feasible. Thus, expert validation
shows that the material and media aspects of the module
are very suitable for further development. Although, the
language aspect is also considered feasible, it may
require some improvements to achieve the same level of
suitability as other aspects.

Table 2. Recapitulation of Module Implementation
Results Data

Observed Aspects Score Obtained
Implementation of learning syntax 25
Social interaction 25
Reaction principle 13
Availability of supporting devices 10
Total scores obtained 73
Total of maximum score 75
Percentage (%) 97
Criteria Very practical
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Table 2 provides a summary of the module
implementation data, focusing on the various aspects
observed during the study. The aspects observed
included the syntax of learning implementation, social
interaction, reaction principles, and availability of
supporting devices. The total score obtained for all
aspects combined was 73 out of a maximum of 75,
indicating a high level of implementation effectiveness.
The overall percentage score for implementation was
97%, indicating a very practical approach in
implementing the module. The total scores for each
aspect provide a clear indication of the strengths and
weaknesses in the implementation of the module. High
scores for aspects such as the syntax of learning and
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social interaction imply that these areas are well
implemented. A slightly lower score for the reaction
principle may point to areas that could be improved in
future implementation. The availability of supporting
devices also played a significant role in the overall
effectiveness of the module. The high percentage score
and the categorization of “Very practical” indicate that
the implementation of the module was successful and
efficient. A detailed breakdown of scores for each aspect
allows for targeted improvements in specific areas for
future iterations of the module. Overall, the table
highlights the importance of considering the various
aspects of implementation to ensure the effectiveness of
educational modules.

Table 3. Recapitulation of Data on Student Responses to the Effectiveness of the Module

Number of students Response to Percentage (%) Average (%) Response categories
25 Module 93 92.66 Positive response
25 Learning Activities 94 93.92 Positive response
Total average 93.29 Positive response

Table 4 presents data on student responses to the
effectiveness of the module. The average percentage of
student responses to the module was 92.66% indicating
a positive response. For learning activities, the average
percentage of student responses was 93.92%, also
indicating a positive trend. The overall average
percentage of student responses was 93.29%, reflecting a

Table 4. Recapitulation of Pre-test and Post-test Results

positive perception of the effectiveness of the module.
The high average percentage of 93.29% for both aspects
indicates that the module is effective in engaging
students and facilitating learning. Positive responses
indicate that the module is well received by students,
highlighting its effectiveness in an educational context.

Test Results Number of Students Percentage (%) Average (%) N-gain value Category
Pre-test 25 19.68 <02 Low
Post-test 25 84.44 =038 High

Table 4 presents the pre-test and post-test results for
a group of 25 students. The pre-test results showed an
average percentage score of 19.68%, with an N-gain
value <0.2, categorized as “Low”. The post-test results
showed a significant increase, with an average
percentage score of 84.44%, an N-gain value 0.8
categorized as high. The post-test scores showed a
substantial increase from the pre-test scores, indicating
the effectiveness of the intervention or learning module.
The n-Gain value indicates that students made
significant progress in their learning, especially between
the pre-test and post-test assessments. The
categorization of n-Gain as “High” for the post-test
highlights the positive impact of the teaching method or
intervention on student learning outcomes.

After collecting data from the validation results of
media, material, and language experts, as well as
conducting an evaluation of the module's
implementation and  student responses, the
interpretation of the results showed a high level of
validation for all aspects, with each reaching the "very

feasible" category. In addition, the results of the
module's implementation showed a presentation of 97 %
with the "practical" category, indicating that the module
had been successfully implemented in the learning
context. Student responses to the effectiveness of the
module were also very positive, with 93.292% of
students considering the module "very effective" in
supporting their understanding of science material. This
finding is supported by the results of the N-gain test
which showed a score of more than or equal to 0.8 with
the "High" category, indicating a significant increase in
student understanding after using this PBL-based
module.

This study supports previous findings showing that
Problem-Based Learning (PBL) improves students'
understanding of biodiversity material (Akgay, 2009;
Ernawati et al., 2023; White, 1996; Serin, 2019; Qurniati
et al., 2015; Nieminen et al., 2010; Dewi & Rahayu, 2023;
Allchin, 2013). The module developed in this study,
which is highly valid and practical, has been shown to
be effective in increasing students' engagement and

547



Jurnal Penelitian Pendidikan IPA (JPPIPA)

learning outcomes, with high n-gain indicating
significant improvements in conceptual understanding
(Etherington, 2011; Siregar & Harahap, 2020; Alhazmi &
Quadri, 2020; Bahtaji, 2023; Malau-Aduli et al., 2013;
Dewi et al., 2022). This is in line with research by Naviri
et al. (2021) and Uluginar (2023), which also found that
PBL not only strengthens conceptual understanding but
also promotes positive attitudes towards science
learning, which is important for the development of
critical thinking and problem-solving skills in the future.

The impact of the results of this study on theory and
practice is very significant. This study provides an
important contribution to the development of the 4-D
model in the context of science learning in secondary
schools. The implications of the results of this study also
include practical aspects, where PBL-based modules can
be adopted and implemented in daily learning in
various schools. This provides a more interactive and
relevant alternative for teachers and students in teaching
and learning science materials.

Although the results of this study provide
significant contributions, it must be acknowledged that
there are several limitations in this study. For example,
limitations in the study sample or the time of data
collection may affect the generalizability of the results.
This needs to be considered in the interpretation of the
results and the relevance of the findings, as well as being
a consideration for further research.

Suggestions for future research include further
development of this 4-D model for other science
materials or in different school contexts. In addition,
further research could involve a more in-depth analysis
of the factors that influence the effectiveness of PBL-
based modules, as well as exploring the use of digital
technology in science learning in this increasingly
digitalized era.

The social implications of the findings of this study
include improving the quality of science learning in
schools, which can have a positive impact on students'
ability to understand and apply science concepts in
everyday life. Meanwhile, ethical implications involve
efforts to ensure that the use of digital technology in the
development and implementation of PBL-based
modules pays attention to aspects of fair access and
minimizes risks related to student privacy and data
security.

Conclusion

Science learning module based on Problem-Based
Learning (PBL) for biodiversity material has been
proven effective in improving students' understanding,
validation of materials, media, and language showed a
very good level, and students' responses to this module
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were also positive. The post-test results showed a
significant increase in students' understanding.

Acknowledgments

We would like to express our sincere gratitude to SMP
Muhammadiyah Ambon for the research permit and valuable
suggestions and input for our research. We would also like to
thank the Institute for Research and Community Service
(LP2M) IAIN Ambon for the research permit and
recommendations that have been given. The support and
contribution from both institutions have been very helpful in
this research and we appreciate their dedication and
commitment to improving the quality of research and
community service in Indonesia. Thank you for your
invaluable contribution to this research.

Author Contributions
Writing original draft and analyzes data, C.P.; editing and

evaluation, F.K. and J.R.; review and supervision, T.S.K.

Funding
This research received no external funding.

Conflicts of Interest
All author declares that there is no conflict of interest.

References

Akcay, B. (2009). Problem-Based Learning in Science
Education. Journal of Turkish Science Education, 6(1),

26-36. Retrieved from
https:/ /www .tused.org/index.php/tused/article
/view /104

Allchin, D. (2013). Problem- and Case-Based Learning in
Science: An Introduction to Distinctions, Values,
and Outcomes. CBE — Life Sciences Education, 12,
364-372. https:/ /doi.org/10.1187/cbe.12-11-0190

Alhazmi, A., & Quadri, M. F. A. (2020). Comparing case-
based and lecture-based learning strategies for
orthodontic case diagnosis: A randomized
controlled trial. Journal of Dental Education, 84(8),
857-863. https:/ /doi.org/10.1002/jdd.12171

Asmara, A., & Septiana, A. (2023). Model Pembelajaran
Berkonteks Masalah. Sumatera Barat: CV. Azka
Pusaka.

Bahtaji, M. A. A. (2023). Pre-service science teachers’
emphases and views about science education
curriculum. International Journal of Instruction,
16(1), 919-
932. https:/ /doi.org/10.29333/1ji.2023.16151a

Bayuningsih, A. S.,, Usodo, B., & Subanti, S. (2017).
Analysis of Junior High School Students' Problem-
solving Ability Reviewed Froms Self-regulaterd
Learning. International Journal of Science and Applied
Science: Conference Series, 2(1), 51-56.
http/ /doi.org/10.20961/ijsascs.v2i1.16678

548


https://www.tused.org/index.php/tused/article/view/104
https://www.tused.org/index.php/tused/article/view/104
https://doi.org/10.1187/cbe.12-11-0190
https://doi.org/10.1002/jdd.12171
https://doi.org/10.29333/iji.2023.16151a

Jurnal Penelitian Pendidikan IPA (JPPIPA)

Ballard, J., & Mooring, S. R. (2021). Cleaning Our World
through Green Chemistry: Introducing High
School Students to the Principles of Green
Chemistry Using a Case-Based Learning Module.
Journal of Chemical Education, 98(4), 1290-1295.
https://doi.org/10.1021/acs.jchemed.9b00312

Bi, M., Zhao, Z., Yang, J., & Wang, Y. (2019). Comparison
of case-based learning and traditional method in
teaching postgraduate students of medical
oncology. Medical teacher, 41(10), 1124-1128.
https://doi.org/10.1080/0142159X.2019.1617414

Cahyani, H., & Setyawati, R. (2017). Pentingnya
Peningkatan Kemampuan Pemecahan Masalah
melalui PBL untuk Mempersiapkan Generasi
Unggul Menghadapi MEA. PRISMA, Prosiding
Seminar Nasional Matematika, 151-160. Retrieved
from
https:/ /journal.unnes.ac.id/sju/index.php/prism
a/article/view /21635

Chin, C., & Chia, L.-G. (2004). Problem-Based Learning;:
Using Students' Questions to Drive Knowledge
Construction. Science Education, 88(5), 707-727.
https:/ /doi.org/10.1002/sce.10144

Cheriani, Mahmud, A., Tahmir, S, Manda, D. &
Dirawan, G. D. (2015). Problem-Based Learning-
Buginese Cultural Knowledge Model-Case Study:
Teaching Mathematics at Junior High School.
International ~ Education  Studies, 8(4), 105.
https://doi.org/10.5539/ies.v8n4p104

Dewi, C. A, & Rahayu, S. (2023). Implementation of
Case-Based Learning in Science Education: a
Systematic Review. Journal of Turkish Science
Education, 20(4),
https:/ /doi.org/10.36681/tused.2023.041

Dewi, C. A, Habiddin, H., Dasna, I. W., & Rahayu, S.
(2022). Case-Based Learning (CBL) in Chemistry
Learning: A Systematic Review. Jurnal Penelitian
Pendidikan IPA, 8(4), 1925-1936.
https:/ /doi.org/10.29303 /jppipa.v8i4.1971

Dikmenli, M. (2010). Biology Student Teachers’
Conceptual Frameworks Regarding Biodiversity.
ERIC Education, 130(3), 479-489. Retrieved from
https:/ /www.projectinnovation.biz/education.ht
ml

Dwi, I. M., Arif, H., & Sentot, K. (2013). Pengaruh
Strategi Problem Based Learning Berbasis ICT
terhadap Pemahaman Konsep dan Kemampuan
Pemecahan Masalah Fisika. Jurnal Pendidikan Fisika
Indonesia, 9I), 8-17
https:/ /doi.org/10.15294 /jpfi.v9i1.2575

Ernawati, M. D. W,, Yusnidar, Haryanto, Rini, E. F. S,,
Aldila, F. T., Haryati, T., & Perdana, R. (2023). Do
Creative Thinking Skills in Problem-Based
Learning Benefit from Scaffolding? Journal of

January 2025, Volume 11, Issue 1, 545-550
Turkish ~ Science  Education, 20(3), 399-417.
https:/ /doi.org/10.36681/tused.2023.023
Etherington, M. (2011). Investigative Primary Science: A
Problem-Based Learning Approach. Australian
Journal of Teacher Education, 36(9), 36-57.
https://doi.org/10.14221/ ajte.2011v36n10.1
Gray, D., Colucci-Gray, L., & Camino, E. (2009).

Sustainable  Education,  Science,  Society  and
Sustainability: Education and Empowerment for an
Uncertain World. Routledge.

https:/ /doi.org/10.4324/9780203875124

Hadzigeorgiou, Y., & Schulz, R. M. (2019). Engaging
Students in Science: The Potential Role of
“Narrative Thinking” and “Romantic
Understanding.” Frontiers in Education, 4(May), 1-
10. https://doi.org/10.3389/feduc.2019.00038

Lestari, O. D., & Suyono (2018). Pengembangan LKPD
Berbasis Problem Based Learning pada Materi
Implus dan Momentum. Jurnal Pendidikan Fisika,
7(1), 88-98. http/ /doi.org/10.21831 /jpf.v7i1.10476

Manurung, Y. H., & Arda, M. (2021). The Challenges
Faced by the Teachers in Pandemic Covid 19 at
SMP Muhammadiyah 61 Medan. Proceeding, 2,
786-793. Retrieved from
http:/ /download.garuda.kemdikbud.go.id / articl
e.php?article=2448336&val=23378

Marlina, R., Nurjahidah, S., Sugandi, A. L., & Setiawan,
W. (2018). Penerapan Pendekatan Problem Based
Learning untuk Meningkatkan Kemampuan
Pemecahan Masalah Matematis Siswa Kelas VII
MTs pada Materi Perbandingan dan Skala. JPMI
(Jurnal Pembelajaran Matematika Inovatif), 1(2), 113.
https:/ /doi.org/10.22460/jpmi.v1i2.p113- 122

Malau-Aduli, B. S., Lee, A., Cooling, N., Catchpole, M.,
Jose, M., & Turner, R. (2013). Retention of
knowledge and perceived relevance of basic
sciences in an integrated case-based learning (CBL)
curriculum. BMC medical education, 13(1), 1-
8. https:/ /doi.org/10.1186/1472-6920-13-139

Mardiyah, U.,, Wanabuliandari, S., & Bintoro, H. S.
(2022). Analisis Kemampuan Pemecahan Masalah
Matematis Siswa dengan Menerapkan Model PJBL
Bantuan E-MODUL Lubuk Etnomarematika.
Jurnal Ilmu Sosial dan Pendidikan, 6(3), 2598-9944.
https://doi.org/10.36312/jisip.v6i3.3342

Naviri, S., Sumaryanti, S, & Paryadi, P. (2021).
Explanatory Learning Research: Problem-Based
Learning or Project-Based Learning? Acta Facultatis
Educationis Physicae Universitatis Comenianae, 61(1),
107-121.  https://doi.org/10.2478 / afepuc-2021-
0010

Nieminen, P., Savinainem, A., & Viiri, J. (2010). Force
Concept Inventory-based Multiple-choice Test for
Investigating Students' Representational

549


https://doi.org/10.1021/acs.jchemed.9b00312
https://doi.org/10.1080/0142159X.2019.1617414
https://journal.unnes.ac.id/sju/index.php/prisma/article/view/21635
https://journal.unnes.ac.id/sju/index.php/prisma/article/view/21635
https://psycnet.apa.org/doi/10.1002/sce.10144
https://doi.org/10.1186/1472-6920-13-139

Jurnal Penelitian Pendidikan IPA (JPPIPA)

Consistency. Physical Review Special Topics Physics
Education Research, 6, 0201009.
https://doi.org/10.1103 /PhysRevSTPER.6.020109

Nurhayati, Suhandi, A., Muslim, & Kaniawati, I. (2023).
Implementation of the Problem Based Learning
Model in Science Education: Trend and
Opportunity of Research Using Systematic
Literature Network Analysis. Jurnal Penelitian
Pendidikan IPA, 9(8), 328-338.
https:/ /doi.org/10.29303 /jppipa.v9i8.3178

OECD. (2008). Understanding the Brain: The Birth of a
Learning Science. New Insights on Learning-
Through Cognitive and Brain Science. OECD/CERI
International Conference “Learning in the 21st
Century: Research, Innovation and Policy, 15.
https://doi.org/10.1787 /9789264029132-en

Qurniati, D. Andayani, Y., & Muntari. (2015).
Peningkatan Keterampilan Berpikir Kritis Melalui
Model Discovery Learning. Jurnal Penelitian
Pendidikan IPA, 1(2), 58-69.
https:/ /doi.org/10.31603/edukasi.v11i1.2677

Rusmono. (2012). Strategi Pembelajaran dengan Problem
Based Learning itu Perlu. Bogor: Ghalia Indonesia.

Rubini, B., & Sunaryo, W. (2016). Pemecahan Masalah dan
Pengambilan  Keputuasan yang Efektif (Effective
Problem Solving and Decision Making). Bogor: Paspa
Press.

Syamsidah & Suryani, S. (2018). Buku Model Pembelajaran
Problem  Based Learning (PBL) Mata Kuliah
Pengetahuan Bahan Makanan. Yogyakarta: Grup
Penerbit CV Budi Utama.

Serin, H. (2019). Projeck Based Learning in Mathematics
Context. International Jurnal of Social Sciens &
Educational Studies, 5(3).
https://doi.org/10.23918/ijsses.v5i3p231

Siregar, A. D., & Harahap, L. K. (2020). Pengembangan
E-Modul Berbasis Projek Based Learning
Terintegrasi Media Komputasi Hyperchem pada
Materi Bentuk Molekul. JPPS (Jurnal Penelitian
Pendidikan Sains), 10(1).
https://doi.org/10.26740/jpps.v10n1.p1925-1931

Sistermans, I. J. (2020). Integrating competency-based
education with a case-based or problem-based
learning approach in online health sciences. Asia
Pacific  Education — Review, 21(4), 683-696.
https:/ /doi.org/10.1007 /s12564-020-09658-6

Uluginar, U. (2023). The Effect of Problem-Based
Learning in Science Education on Academic
Achievement: A Meta-Analytical Study. Science
Education International, 34(2), 72-85.
https://doi.org/10.33828/sei.v34.i2.1

Weinstein, Y., Madan, C. R., & Sumeracki, M. A. (2018).
Teaching the Science of Learning. Cognitive
Research:  Principles and  Implications,  3(1).
https://doi.org/10.1186/s41235-017-0087-y

January 2025, Volume 11, Issue 1, 545-550

White, H. B. (1996). Dan Tries Problem-Based Learning;:
a Case Study. To Improve the Academy, 15(1), 75-91.
https://doi.org/10.1002/.2334-
4822.1996.tb00303.x

Yli-Panula, E., Jeronen, E., Lemmetty, P., & Pauna, A.
(2018). Teaching Methods in Biology Promoting
Biodiversity Education. Sustainability (Switzerland),
10(10), 1-18. https:/ /doi.org/10.3390/5u10103812

Zheng, Q. M., Li, Y. Y., Yin, Q., Zhang, N., Wang, Y. P,,
Li, G. X., & Sun, Z. G. (2023). The Effectiveness of
Problem-Based Learning Compared with Lecture-
Based Learning in Surgical Education: A
Systematic Review and Meta-Analysis. BMC
Medical Education, 23(1), 1-11.
https:/ /doi.org/10.1186/512909-023-04531-7

550


https://doi.org/10.1787/9789264029132-en
https://doi.org/10.1007/s12564-020-09658-6
https://doi.org/10.1186/s41235-017-0087-y

