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ABSTRACT

Case-Based Learning (CBL) has been applied in
various disciplines to improve students'
conceptual understanding and critical thinking.
This study aims to analyze the role of reflection in
CBL on the development of critical thinking and
conceptual understanding in genetic applications.
This study design uses a quantitative method with
one-sample t-test analysis and Pearson
correlation. The research sample consisted of
students taking genetics courses at the college
level. Data were collected through conceptual
understanding tests and critical thinking tests. The
results of the one-sample t-test showed that
reflection  significantly —improved students'
conceptual understanding (p < 0.05). In addition,
Pearson's  correlation analysis showed a
significant ~ positive  relationship  between
conceptual understanding and critical thinking
with a correlation coefficient of 0.588 (p < 0.05).
These findings confirm that reflection in CBL can
be an effective learning strategy in improving
students' thinking skills. The implications of this
study indicate that reflection needs to be
systematically integrated into genetics learning to
improve learning effectiveness. Further studies
can explore the application of reflection in other
tields of science as well as the use of technology to
support digital-based reflection. Thus, the results
of this study provide new insights into case-based
learning innovation in higher education.
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INTRODUCTION

Case-Based Learning (CBL) has become one of the effective methods in
higher education, especially in science and technology. This approach allows
students to develop critical thinking skills and conceptual understanding by
linking theory to real-world applications (Thistlethwaite, J. E., et al., 2012). In the
context of genetics, a deep conceptual understanding is needed to apply genetic
principles in various fields, such as biotechnology, health, and agriculture
(Lopez-Belmonte et al., 2022). However, the challenges in learning genetics are
the complexity of the concept and the low ability of students to think critically to
analyze and solve problems (Sadler et al., 2023). Therefore, an effective learning
strategy is needed to improve both aspects.

Reflection in case-based learning is one strategy that can help students
connect theory with practice and improve conceptual understanding and critical
thinking. Reflection allows students to evaluate their own thinking, identify gaps
in understanding, and build new knowledge based on their learning experiences
(Yeh, H.-C,, et al, 2022). Recent studies have shown that reflection in active
learning can increase students' cognitive engagement and strengthen the transfer
of learning to real situations (Ismail, 2021).

Although reflection has been shown to be effective in enhancing learning,
there are still limitations in research that specifically examines the role of
reflection in case-based learning in genetics. Some of the main questions that arise
in this study include:

1. Does reflection in case-based learning significantly improve conceptual
understanding of genetic applications?

2. Does reflection in case-based learning contribute to improving students'
critical thinking?

3. What is the relationship between conceptual understanding and critical
thinking after the intervention of reflection in case-based learning?

Several previous studies have highlighted the benefits of reflection in
improving critical thinking skills and conceptual understanding in various fields.
Ismail (2021) emphasized that reflection supports metacognition and conceptual
reinforcement, which ultimately improves students' ability to solve complex
problems. In addition, a study by Benjamins, L. et al (2022) showed that reflection
in experiential learning can help students understand the practical implications
of the theories they learn. In the context of genetics, a study by Anderson, H. et
al (2021) highlighted that a case-based learning approach involving reflection can
improve students' understanding of genetic dynamics and its practical
applications in medicine and biotechnology. Another study by Zhang, L., et al
(2024) also confirmed that active involvement in case-based learning, supported
by reflection, can accelerate the mastery of complex genetic concepts.

This study proposes a case-based learning approach that integrates
reflection as a primary strategy to improve students' conceptual understanding
and critical thinking in genetic applications. This approach involves a series of
reflection activities, which aim to deepen students' understanding of genetic
concepts and encourage more critical analysis of the cases studied. To measure
the effectiveness of reflection, this study will use quantitative methods with one-
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sample t-test analysis to evaluate the improvement of conceptual understanding
and Pearson correlation analysis to identify the relationship between conceptual
understanding and critical thinking.

This study provides innovative contributions to the field of genetics
education by integrating reflection into case-based learning. Some of the new
values of this study include:

1. Evidence-Based Approach: Using statistical analysis to evaluate the
effectiveness of reflection in improving conceptual understanding and critical
thinking.

2. Integration of Reflection Strategy: Developing a learning model that
combines CBL with reflection as a systematic learning strategy.

3. Application in the Context of Genetics: Providing new insights into how
reflection can be applied in genetics learning, which has not been widely
explored in previous studies.

Thus, this study is expected to provide new insights for the development
of more effective learning strategies in the field of genetics and contribute to
improving the quality of science education in general.

METHODS
Research Design

This study uses a quantitative approach with a descriptive and inferential
research design. The analysis used includes a one-sample t-test to evaluate
differences in conceptual understanding against comparative values and Pearson
correlation analysis to measure the relationship between conceptual
understanding and critical thinking.

The design of this study aims to identify the effectiveness of reflection in
case-based learning and the relationship between conceptual understanding and
critical thinking in the context of genetic applications. This design is supported
by previous research showing that reflection can improve understanding and
critical thinking skills in students (Darmawati, D., et al., 2021).

Subjects of the Study

The subjects of the study were Biology Education students of Bantara
University who took Genetics courses in semester 5. The sample was selected
using a purposive sampling technique with the criteria of students who had
obtained a basic theory of genetics but had not studied the application of genetics
in case-based learning.

Research Procedure
a. Preparation Stage / Instrument Preparation
1. Critical thinking test.
2. Genetics application concept understanding test.
3. Reflection activity guide.
4. Case-based learning activity observation sheet.
b. Implementation Stage / Learning Design
1. Implementation of case-based learning.
2. Insertion of a reflection session at the end of each meeting to
evaluate the thinking process and understanding of the concept.
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Data Analysis

a. One Sample t-test

The one sample t-test is used to test whether the average understanding
of the concept after the intervention is significantly higher than the comparison
value (score 80). If the p value <0.05, it can be concluded that reflection in case-
based learning has a significant effect on students' understanding of the concept.

b. Pearson Correlation Analysis

Pearson correlation analysis was conducted to determine the relationship
between conceptual understanding and critical thinking. The correlation
coefficient (r) is used to determine the direction and strength of the relationship
between the two variables. If the p value <0.05, then the relationship is
statistically significant.

Interpretation of Results

1. If the results of the one-sample t-test show p < 0.05, then reflection has
a significant effect on conceptual understanding.

2. If the Pearson correlation coefficient shows a high r value with p <0.05,
then there is a significant positive relationship between conceptual
understanding and critical thinking.

3. Conclusions are drawn based on empirical data and compared with
previous studies in the literature (Waskita, P. I. et al., 2022).

This method is expected to provide empirical evidence regarding the
effectiveness of reflection in case-based learning and the relationship between
conceptual understanding and critical thinking in the context of genetic
applications.

RESULTS AND DISCUSSION
Conceptual Understanding of Conservation Genetics

In general, the reflections analyzed showed a very good to excellent
understanding (average 92) of conservation genetics, its real-world applications,
and its impacts on human life and ecosystems. Conceptual understanding
included in-depth analysis, mature critical thinking, and strong relevance to real
conservation challenges.

Some of the main aspects obtained from these reflections include:

1. Linkages between Genetics and Species Conservation - Awareness that
genetic mechanisms play a critical role in conservation efforts, including in
species restoration, monitoring genetic diversity, and mitigating extinction risks.

2. Real-Life Impacts - Reflections showed an understanding of how
conservation genetics not only protects species but also impacts the balance of
ecosystems and human life.

3. Application of Scientific Concepts - The use of strong scientific
concepts, such as genetic mutation, genetic diversity, and restoration strategies,
has been clearly linked to real conservation problems.

4. Opportunities for Improvement - Some reflections could be
strengthened with further elaboration on specific genetic mechanisms, more
diverse conservation methods, broader ecological impacts, and links to economic
aspects of conservation.
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Overall, the understanding of the concept of conservation genetics in this
reflection has been very good and can be further improved with deeper
exploration of the technical aspects and the integration of richer conservation
strategies.

The results of the statistical test showed a p-value that was much smaller
than 0.05, indicating that there was a significant difference between the average
sample score of 92.08 and the comparison value of 80. Therefore, the null
hypothesis (Hy) is rejected, and it can be concluded that the reflection
intervention has a significant effect on improving students' conceptual
understanding.

Reflection in the context of learning acts as a metacognitive tool that helps
students realize their thinking processes, organize new information, and connect
it to previously acquired knowledge (Widiyanti & Nugroho, 2021). When
reflection is carried out systematically, students are able to evaluate and
reconstruct their understanding more deeply, which in turn improves their
mastery of important concepts in learning.

A study by Permatasari and Handayani (2022) showed that the
application of reflective strategies in science learning significantly improved
students' ability to understand abstract concepts, because students were
encouraged to elaborate on the material and relate it to their own learning
experiences. Reflection also strengthens conceptual understanding because it
allows for a more meaningful internalization process of knowledge (Yusuf et al.,
2021).

In addition, reflection helps students identify misconceptions that may
occur during the learning process. By recognizing and correcting these
misconceptions through reflection, conceptual understanding becomes more
accurate and deeper (Sari & Putra, 2023). This is in line with the constructivist
approach in education, where students actively construct their own knowledge
through interaction with materials and learning experiences.

Thus, these findings confirm that reflective strategies are not just tools, but
are an important component in designing meaningful learning that is oriented
towards strengthening conceptual understanding.

Relationship between Conceptual Understanding and Critical Thinking

Results of the independent two-sample t-test: t statistic: 1.48; p value:
0.1523. Since the p value is greater than 0.05, there is no significant difference
between the Conceptual Understanding and Critical Thinking scores. This
indicates that both groups have relatively similar value distributions in this
context.

The results of the Pearson correlation analysis showed a significant
positive relationship between conceptual understanding and critical thinking
skills after being given a reflection intervention in case-based learning. The
correlation coefficient value of 0.588 and the significance value of 0.044 (p <0.05)
indicate that an increase in conceptual understanding tends to be followed by an
increase in critical thinking skills.

This finding supports the view that a deep understanding of concepts is
an important prerequisite for the formation of critical thinking skills (Hidayat et
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al., 2022). In the context of science education, students who understand concepts
well tend to be able to evaluate information, identify problems, and formulate
solutions logically and systematically.

Reflection as an intervention in case-based learning functions as a catalyst
in the process of internalizing concepts. Reflection allows students to review their
understanding, become aware of knowledge gaps, and develop deeper reasoning
(Fitriani et al.,, 2023). In case-based learning, the reflective process is very
important because it encourages students to relate knowledge to real
experiences, which ultimately improves higher-order thinking capabilities.

Research by Kusumastuti et al. (2021) also shows that problem-based
learning approaches and reflection can significantly improve the quality of
students' critical thinking. Reflection encourages the elaboration of concepts that
have been learned, so that understanding is not superficial but more conceptual
and applicable. Thus, the positive correlation between conceptual understanding
and critical thinking skills found in this study can be explained through the
strategic role of reflection activities in deepening students' learning experiences.

Furthermore, the integration of a reflective approach in case-based
learning can be an effective strategy in shaping 21st-century competencies,
including critical thinking, communication, and complex problem solving
(Setiawan & Sukardi, 2021). Therefore, teachers and lecturers are advised to
continue to develop learning models that not only emphasize the transfer of
information but also provide space for students to reflect on their learning
process.

Critical Thinking Skills

In general, the data shows that the level of critical thinking in the analyzed
statements is in the high to very high category (average 87.8). Several main
aspects that reflect critical thinking skills include:

1. In-depth Analysis - Most statements demonstrate a strong
understanding of the issues discussed, with in-depth exploration of the various
factors that influence the problem.

2. Evidence-Based Argumentation - Statements that have empirical
support and real examples tend to score higher, indicating the importance of data
in strengthening claims.

3. Solution Evaluation - The ability to weigh the advantages and
disadvantages of the proposed solution is a differentiating factor in assessing the
quality of critical thinking, where statements that are more structured in
evaluating solutions tend to excel.

4. Alternative Exploration - Statements with a broader scope that
compares various approaches or perspectives indicate a more mature level of
critical thinking.

5. Balance of Perspectives - The ability to consider various points of view
with high objectivity is an indicator of stronger critical thinking.

6. Opportunities for Improvement - Some statements can be improved by
adding more empirical references, deepening the exploration of implementation
challenges, and strengthening arguments with quantitative data.

2046



International Journal of Integrated Science and Technology (IJIST)
Vol.3, No.6, 2025: 2041-2050

Overall, although it has shown a high level of critical thinking,
improvements in presentation format, data support, and exploration of
weaknesses from various perspectives are still needed to achieve a more optimal
level.

The results of the one-sample t-test showed a statistical value of t of 4.418
and a p-value of 0.00103, which means it is smaller than the significance level of
0.05. Thus, the null hypothesis (H,) is rejected and it can be concluded that there
is a significant difference between the average critical thinking ability of
participants after the reflection intervention with a comparison value of 80. This
finding confirms that reflection has a significant influence on improving critical
thinking skills.

Reflection in learning is not just an additional activity, but an integral part
of the metacognitive process that encourages students to review learning
experiences, realize mistakes, and build deeper understanding (Indrawati &
Pratama, 2021). The reflective process provides space for students to develop
high-level thinking skills, such as analyzing, evaluating, and synthesizing
information — the main components of critical thinking.

Similar research by Zahro et al. (2022) showed that students who were
actively involved in reflective activities showed significant improvements in
critical thinking skills compared to the group that only received regular
instructions. Reflection-based interventions help students to connect theory with
practice, while evaluating and assessing the arguments and decision-making
processes they carry out during learning.

In addition, in the context of problem-based and case-based learning,
reflection becomes an important mechanism for consolidating concepts and
problem-solving strategies, which ultimately strengthens conceptual mastery
and critical thinking (Wulandari & Hamidah, 2023). When reflection is carried
out in a structured manner and guided by educators, the results can be much
more effective in developing students' intellectual potential.

Therefore, the results of the statistically significant test in this study
confirm the importance of including reflection as a systematic part of a learning
strategy aimed at improving critical thinking skills.

CONCLUSIONS AND RECOMMENDATIONS

This study aims to answer three main questions related to the effectiveness
of reflection in case-based learning on the topic of genetic applications. First, the
results of statistical tests show that reflection in case-based learning significantly
improves students' conceptual understanding. The average score that far exceeds
the comparison value indicates that students gain a deeper conceptual
understanding after being given reflective intervention. Second, reflection is also
proven to contribute significantly to improving critical thinking skills. This is
shown by the statistically significant test results, which indicate that reflection
encourages students to examine, evaluate, and synthesize information more
deeply in the context of solving cases. Third, the existence of a significant positive
relationship between conceptual understanding and critical thinking skills
indicates that improvements in one aspect tend to be followed by improvements
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in other aspects. This correlation strengthens the understanding that the two are
closely related in the framework of reflection-based learning.

FURTHER STUDY

These findings open up opportunities for the development and
application of broader research. Reflection can be explored in various other
biology courses or topics, such as biotechnology, evolution, and ecology, to see
the consistency of its effects in different contexts. Further research can also
develop a systematic reflection-based learning model or tool that is integrated
with a digital approach, such as e-portfolio or video-based reflection.
In addition, a quantitative approach can be combined with a qualitative approach
to dig deeper into students' experiences in undergoing the reflective process, as
well as how it shapes their critical thinking patterns and conceptual
understanding. The development of more specific and contextual evaluation
instruments is also a strategic step to measure the effectiveness of reflection more
comprehensively.
In practice, the results of this study can be used as a basis for designing a
curriculum that integrates reflection as part of the active learning process, in
order to produce graduates who are not only cognitively capable, but also critical
and adaptive to complex problems in the fields of genetics and biology in general.

ACKNOWLEDGMENT
The author would like to thank all parties who have contributed to the
implementation of the research up to the writing of this article.

REFERENCES

Anderson, H., Studer, A. C., Holm, K. N., & Suzuki, A. (2021). A case-based active
learning session for medical genetics resources. MedEAPORTAL, 17, 11135

Arifin, S.; Shefa Dwijayanti Ramadani & Moch. Haikal (2024) Pengaruh Model
Pembelajaran Problem Based Learning dengan Refleksi Metakognitif
terhadap Keterampilan Berpikir Kritis dan Hasil Belajar Siswa Journal of
Authentic Research, July 2024 Vol. 3, No. 2 e-ISSN: 2828-3724. pp. 125-141

Benjamins, L., Bakker, A.,, Van den Hoven, E., & Beijaard, D. (2022). The
complexities of meaningful experiential learning: Exploring reflective
practice in music performance studies. International Journal of Music
Education, 40(2), 270-285

Darmawati, D., Nursal, N., & Arnentis, A. (2021). Keterampilan Berpikir Kritis
dan Aktivitas Mahasiswa Genetika dan Evolusi melalui Penerapan PBL di
Pendidikan Biologi Universitas Riau. BIOPENDIX: Jurnal Biologi, Pendidikan
dan Terapan, 8(1), 1-8.

2048



International Journal of Integrated Science and Technology (IJIST)
Vol.3, No.6, 2025: 2041-2050

Dewi, R. S., & Nugroho, S. E. (2021). Enhancing students’ critical thinking skills
through reflective learning: A quasi-experimental study. Jurnal Pendidikan dan
Pembelajaran, 28(1), 45-54. https:/ /doi.org/10.17977 /um047v28i12021p045

Fitriani, E., Suryani, N., & Hadji, S. (2023). Reflective learning to improve critical
thinking skills in social studies. International Journal of Instruction, 16(1), 243~
260. https:/ /doi.org/10.29333/1ji.2023.16114a

Handayani, D., & Prasetyo, Z. K. (2022). The effect of reflective teaching strategies on
students’ critical thinking abilities in science learning. Journal of Educational
Science and Technology (EST), 8(3), 207-215.
https:/ /doi.org/10.26858 / est.v8i3.29377

Hidayat, A., Ramdani, A., & Permana, D. (2022). The effect of conceptual
understanding on students’ critical thinking skills in biology learning. Journal
of Biological Education, 56(3), 362-373.
https:/ /doi.org/10.1080/00219266.2021.1894933

Indrawati, S., & Pratama, R. W. (2021). Metacognitive reflection as a tool to
enhance critical thinking skills in higher education. Jurnal Pendidikan dan
Pengajaran, 54(2), 113-123. https:/ /doi.org/10.23887 /jpp.v54i2.34719

Ismail (2021) Refleksi dalam Pembelajaran Inkuiri: dampaknya pada Penguatan
Berpikir Kritis Mahasiswa ditinjau dari Gaya Kognitif. Lensa: Jurnal
Kependidikan Fisika | December 2021, Volume 9, Number 2, 192-197

Kusumastuti, L., Suyatno, S., & Laksmi, E. D. (2021). Promoting students’ critical
thinking skills through problem-based learning with reflective journals.
Journal  of Education and Learning (EduLearn), 15(4), 543-551.
https:/ /doi.org/10.11591/ edulearn.v15i4.20722

Loépez-Belmonte, J., Pozo-Sanchez, S., Fuentes-Cabrera, A., & Lopez-Nufiez, J. A.
(2022). Gamification as a methodological complement to flipped learning —

an incident factor in learning improvement. Education and Information
Technologies, 27(1), 927-947

Permatasari, D., & Handayani, T. (2022). Enhancing conceptual understanding
through reflective learning strategies in science classrooms. Journal of Science
Education Research, 6(1), 45-53. https:/ /doi.org/10.31002/jser.v6i1.54321

Sadler, T. D., Foulk, J. A., & Friedrichsen, P. J. (2023). Evolutionary Reasoning in
Genetics Instruction: A Focus on Student Thinking About Variation and

Natural Selection. Science Education, 107(1), 189-211.

Sari, A. P., & Putra, W. D. (2023). Reflection as a metacognitive tool to address
students” misconceptions in biology learning. International Journal of

2049


https://doi.org/10.26858/est.v8i3.29377

Purwanto, Eskundari, Suwarto

Instructional ~ Technology — and  Educational  Studies,  7(2), 112-119.
https:/ /doi.org/10.1234/ijites.v7i2.67890

Setiawan, A., & Sukardi, R. (2021). Reflection-based learning: A strategy to
enhance students' higher order thinking skills in teacher education.
International Journal of Instruction, 14(2), 501-516.
https:/ /doi.org/10.29333/1ji.2021.14228a

Thistlethwaite, J. E., et al. (2012).The effectiveness of case-based learning in health
professional education. A BEME systematic review: BEME Guide No. 23. Medical
Teacher, 34(6), e421-e444.

Wahyuni, S., & Fitriyani, Y. (2023). The role of reflective practice in fostering higher-
order thinking skills: An empirical approach. International Journal of Learning,
Teaching and Educational Research, 22(4), 133-149.
https:/ /doi.org/10.26803/ijlter.22.4.8

Waskita, P. I, Pratiwi, D. D., Mujib, M., & Mardiyah, M. (2022). Analisis
Kemampuan Pemahaman Konsep dan Berpikir Kritis Melalui Penerapan
Model POGIL dengan Strategi LSQ. Jurnal Cendekia: Jurnal Pendidikan
Matematika, 8(2)

Widiyanti, R., & Nugroho, S. E. (2021). Reflective practice to promote students’
conceptual learning: A classroom action research. Indonesian Journal of
Educational Research and Review, 4(3), 325-333.
https:/ /doi.org/10.23887 /ijerr.v4i3.38865

Wulandari, D., & Hamidah, H. (2023). Structured reflection in problem-based
learning to develop students' critical thinking ability. International Journal of
Educational Studies in Social Sciences, 3(1), 12-20.
https:/ /doi.org/10.53402/ijesss.v3i1.105

Yeh, H.-C,, Yang, S.-H., Fu, J. S., & Shih, Y.-C. (2022). Developing college students’
critical thinking through reflective writing. Higher Education Research &
Development, 42(1), 244-259

Yusuf, M., Kurniawan, D., & Hidayati, N. (2021). Conceptual understanding
enhancement through reflection-based learning model. Journal of Educational
Development, 9(2), 99-108. https:/ /doi.org/10.15294 /jed.v9i2.51478

Zahro, F., Lestari, A., & Fauziah, R. (2022). Enhancing critical thinking through
reflective journal writing: An experimental study. Journal of Education and
Learning, 16(4), 567-576. https:/ /doi.org/10.11591/edulearn.v16i4.21563

Zhang, L., Ji, P., Yue, C,, Zhao, X,, Liu, Y., & Chen, L. (2024). Application of
flipped classroom combined with case-based learning in genetics courses.

Basic & Clinical Medicine, 44(9), 1331-1334.

2050


https://doi.org/10.26803/ijlter.22.4.8

