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difference between the two groups (¢ = -5.11, p < 0.001), with a large effect size
(Cohen’s d = 1.24). These findings suggest that the Creative Problem Solving-
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thinking in biology learning. However, the results should be interpreted within
the context of the study setting and research design
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1. Introduction

Modern education requires students not only to master academic knowledge but also to
develop higher-order thinking skills, including creative thinking. Creative thinking is one of the
essential competencies in twenty-first-century education because it enables students to generate
original ideas, explore alternative solutions, and respond effectively to complex challenges. In
biology education, creative thinking is especially important because many biological concepts are
abstract and closely connected to real-life phenomena that require analysis, interpretation, and
problem solving. Science education, therefore, should not merely emphasize content mastery, but
also integrate knowledge, skills, and attitudes to help students construct scientific understanding
meaningfully. Zeidan and Jayosi (2015) emphasized that science learning should support the
integration of scientific knowledge, process skills, and attitudes, while Kupers et al. (2019) argued
that structured and open-ended tasks provide broader opportunities for students to demonstrate
creativity than closed tasks. However, in practice, the development of students’ creative thinking
in biology learning remains a challenge. In many classrooms, learning activities still focus heavily
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on memorization and reproduction of information rather than idea exploration and problem
solving. Such conventional practices limit students’ opportunities to think divergently and
construct their own understanding.

Shieh and Chang (2014) reported that students who are mainly exposed to memorization-
oriented learning tend to show limited creativity and weak problem-solving ability. Similarly,
Kristanti et al. (2018) found that many student worksheets emphasize concept recall rather than
providing opportunities for learners to construct knowledge independently and develop thinking
skills. In science learning, this issue is particularly problematic because biology is closely related
to real-world contexts and environmental issues that demand exploration, interpretation, and
higher-order thinking (Kaya & Elster, 2018). Several studies conducted in international contexts
have shown that innovative science learning approaches can improve students’ creative and
scientific thinking. Ariza et al. (2024) highlighted the importance of argumentation and process-
oriented learning in science and mathematics education, while Luo et al. (2020) and Wahyu et
al. (2020) emphasized that science education should foster scientific reasoning, literacy, and
problem-solving skills. In the Indonesian context, however, the implementation of instructional
strategies specifically designed to develop creative thinking in biology classrooms is still limited.
Saptenno et al. (2019), for example, reported that the learning model applied in a senior high
school in Ambon did not adequately support the demands of the curriculum and resulted in low
levels of flexibility and originality in students’ thinking. Fatmawati et al. (2021) also noted that
classroom assessments often measure only lower cognitive levels, thereby providing insufficient
opportunities for students to demonstrate creative thinking.

One instructional approach with strong potential to address this issue is Creative Problem
Solving. Creative Problem Solving is a learning approach that guides students through identifying
problems, generating alternative ideas, evaluating possible solutions, and implementing the most
appropriate response in a creative and systematic way. In biology education, this approach can
help students connect scientific concepts with authentic situations, thereby encouraging both
conceptual understanding and creative idea generation. Guilford, as cited in Phaksunchai et
al. (2014) and Sophonhiranraka et al. (2015), emphasized that problem-solving activities requiring
divergent responses are essential for producing multiple possible solutions. In line with this view,
Creative Problem Solving offers a learning environment in which students are encouraged to think
fluently, flexibly, originally, and elaboratively when addressing scientific problems.

Although previous studies have reported the potential of Creative Problem Solving to
improve students’ higher-order thinking, limited attention has been given to the systematic
development and evaluation of Creative Problem Solving-based teaching modules in senior high
school biology learning, particularly on the topic of viruses. Previous studies have discussed
problem-based learning strategies or the use of worksheets to enhance thinking skills, but fewer
studies have systematically developed and tested a Creative Problem Solving-based teaching
module for biology topics at the secondary school level. In addition, prior studies have not
sufficiently addressed how such instructional materials can be designed and validated within the
Indonesian educational context.

Therefore, this study aimed to develop a Creative Problem Solving-based teaching module
and to evaluate its effectiveness in enhancing students’ creative thinking abilities in biology
learning. The topic of viruses was selected because it requires students not only to understand
scientific concepts but also to relate them to authentic issues in everyday life. By integrating
Creative Problem Solving into a structured teaching module, this study is expected to contribute
to more interactive, student-centered, and creativity-oriented biology learning

2. Methods
2.1 Participants
For the limited trial, a single class, which consists of 27 students from class 2 of Madrasah
Aliyah was used. The research subject refers to the participants involved in the study. In this case,
the subject of the research includes 33 students in the experimental group and 37 students in the
control group from the 10th-grade biology classes at Madrasah Aliyah Muallimin NWDI Pancor.
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These students were selected as representatives to explore the impact of creative problem solving
on their creative thinking skills in the context of biology, specifically focusing on the topic of
viruses. The research object pertains to the specific focus or content being studied. In this study,
the object of the research is the teaching module based on creative problem solving, designed to
enhance students' creative thinking skills. The module was applied to the topic of viruses in
biology, and its feasibility, effectiveness, and impact on students' creative thinking abilities were
the primary focus of the research. The study also involved the evaluation of the module’s design,
implementation, and overall effectiveness in improving students' creative thinking

2.2 Data Collection
2.2.1 Instrument of Collecting Data

Data collection for this study was carried out using questionnaires to assess the feasibility of
the creative problem solving -based teaching module, creative problem -based worksheets, and a
creative thinking test, employing a pretest-posttest technique. The data collection technique in this
study involved both quantitative and qualitative methods. Quantitative data were collected
through pretest and posttest assessments to measure the improvement in students' creative thinking
skills before and after the implementation of the creative problem-solving based teaching module.
Additionally, questionnaires were administered to gather feedback from students, teachers, and
experts regarding the feasibility and effectiveness of the module. For qualitative data, evaluations
were conducted by two biology education experts to assess the content and design of the module,
and students provided open-ended responses to share their experiences and perceptions of the
creative problem solving -based learning approach. These data collection techniques allowed for a
comprehensive analysis of the module's impact and effectiveness.

2.2.2 Techniques for Collecting Data

This research is a development study aimed at developing a teaching module based on creative
problem solving to improve students' creative thinking skills on the topic of viruses. The research
flow follows a modified version of the Thiagarajan et al. (1974) development model, which
includes Define, Design, Develop, and Disseminate (see Figure 2). In the implementation of this
development research, a One Group Pretest-Posttest Design is used for the limited trial, and a
Quasi-Experimental Nonequivalent Pretest and Posttest Control-Group Design is employed for
the wider trial of the study.
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Figure 1: Research flow for developing problem-based biology teaching modules
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2.3 Data Analysis

The data analysis techniques employed in this study included validity test of teaching
modules, t-test, N gain, and Cohen's d effect test. Descriptive analysis was used to summarize and
provide an overview of the pretest and posttest scores. This was followed by the t-test to examine
significant differences between the experimental and control groups, specifically comparing the
posttest scores. Additionally, Cohen’s d was calculated to determine the effect size, providing
insight into the magnitude of the treatment's impact on students' creative thinking skills

3. Results
3.1 Define Stage
At the define stage, needs analysis was conducted through classroom observations, informal

interviews with biology teachers, and a review of existing teaching materials. The analysis
indicated several major problems in biology learning on the topic of viruses. First, classroom
instruction was still largely oriented toward memorization and factual recall. Second, teachers
rarely used learning strategies specifically designed to foster creative thinking. Third, the available
teaching materials did not sufficiently facilitate students’ engagement in problem exploration, idea
generation, or solution development. As a result, students showed limited ability to connect
biological concepts with real-life situations and to produce varied and original responses during
learning activities. These findings provided the basis for developing the Creative Problem Solving-
based teaching module.

3.2 Design Stage

At the design stage, the Creative Problem Solving-based teaching module was systematically
prepared. The design process involved three main components. First, the biology content to be
developed was mapped, with a focus on the topic of viruses for tenth-grade students at the senior
high school level. Second, the framework of the teaching module was developed, including
learning objectives, Creative Problem Solving-based learning activities, student worksheets,
teaching materials, and assessment components. Third, an evaluation instrument was designed to
measure students’ creative thinking abilities based on four indicators: fluency, flexibility,
originality, and elaboration. The complete version of the teaching module was provided in the
appendix.

3.3 Develop Stage

At the develop stage, the draft module was reviewed by two biology education experts to
evaluate its content relevance, instructional clarity, and practical feasibility. The experts assessed
17 indicators using a validation rubric. The results showed that all indicators were categorized as
relevant by both experts, resulting in a content validity coefficient of 1.00. Based on the
predetermined criteria, this coefficient indicates very high content validity. Therefore, the module
was considered suitable for implementation in the trial stage after minor revisions based on expert
suggestions.

Teaching Module Validity Test: Product feasibility validation: The module has been
validated by two biology education experts, and its feasibility for development was assessed. The
goal of this evaluation is to gather feedback from the experts to refine the product and ensure its
valid ity and practical feasibility. Below are the findings from both module evaluations.

Tabel 1. Validation Results of Teaching Modules
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Validator 1

Matriks 2x2
Not relevant (score 1-2) Relevant (score 3-4)
Validator 2 Not relevant (score 1-2) 0 0
Relevant (score 3-4) 0 17

Based on the validity criteria for the instrument, which ranges from 0.8 to 1, this instrument has very high
validity and is suitable for trial testing. When converted to the content validity coefficient criteria, it is evident
that the resulting teaching module demonstrates a very high validity level. Therefore, it can be confidently
stated that the creative problem-solving teaching module for enhancing students' creative thinking skills is
officially recognized as valid.

3.4 Disseminate Stage

The disseminate stage involved the wider implementation of the developed module in two
tenth-grade biology classes. One class consisting of 33 students was assigned as the experimental
group and received instruction using the Creative Problem Solving-based teaching module, while
the other class consisting of 37 students served as the control group and received conventional
instruction. This stage was conducted to examine the effectiveness of the developed module in
improving students’ creative thinking abilities on the topic of viruses.

3.5 Descriptive Statistics of Students’ Creative Thinking Scores
Descriptive statistical analysis was conducted to provide an initial overview of students’
creative thinking scores in the pretest and posttest for both groups. The results included the mean,
median, standard deviation, minimum score, and maximum score.
Table 2. Descriptive Statistical Analysis of the Implemented Teaching Module

Statistic = Experimental Experimental Control Control

Group Group Group Group
Pretest Posttest Pretest Posttest

Mean 9.39 19.79 10.32 15.68

Median 9.0 20.0 10.0 15.0

Standard 1.12 3.63 1.56 3.04

deviation

Minimum 8.0 12.0 8.0 11.0

Maximum 12.0 34.0 14.0 22.0

The descriptive results indicate that both groups experienced improvement from pretest to
posttest. However, the increase in the experimental group was substantially greater than that in
the control group. The mean score of the experimental group increased from 9.39 to 19.79, whereas
the control group increased from 10.32 to 15.68. These findings suggest that the Creative Problem
Solving-based teaching module contributed more strongly to the improvement of students’ creative
thinking abilities.

3.6 Independent Samples #-Test Analysis
After the descriptive analysis, an independent samples #-test was conducted to determine
whether there were significant differences between the experimental and control groups in both
the pretest and posttest stages. The test used is the independent t-test with a significance level of
5% (a = 0.05). This analysis was conducted on the pretest and posttest scores for the topic of
viruses.
Table 3. t-test analysis results
Content Stage t p-value Conclusion
Viruses Pretest 2.89 0.0053 Significant
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Viruses Posttest -5.11 0.0000 Significant
The #test results revealed a significant difference between the two groups in the pretest stage,
indicating that the groups were not equivalent at the beginning of the study. In the posttest stage,

the difference between the groups became more pronounced and remained statistically significant.
The posttest result indicates that students who learned using the Creative Problem Solving-based
teaching module achieved higher creative thinking scores than those who received conventional
instruction. However, because the pretest difference was already significant, this result should be
interpreted carefully, and the effectiveness claim should be supported by improvement analysis
such as normalized gain and effect size.

3.7 Normalized Gain Analysis

To further examine the improvement in students’ creative thinking abilities, a normalized
gain analysis was conducted for both the experimental and control groups. The analysis showed
that the experimental group achieved a greater improvement than the control group. This result
indicates that the use of the Creative Problem Solving-based teaching module was more effective
in enhancing students’ creative thinking abilities on the topic of viruses.

39.4

Midle

=
7]
<
=
Z
=
%)
=3
<2
=%
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Graph 1. N Gain creative thinking in control and experiment class

The descriptive analysis results show an increase in creative thinking scores for both
groups, experimental and control. However, the most notable improvement was observed in the
experimental group. This significant increase suggests that the creative problem-solving approach
is more effective in encouraging students to optimally develop their creative thinking potential.
This aligns with the view of Treffinger (2004), who emphasized that creative problem-solving
focuses on the systematic exploration of ideas to find creative solutions to complex problems.
These findings are consistent with the study by Fahrisa & Parmin (2022), which demonstrated
that creative problem solving is effective in improving students' critical and creative thinking skills
in science subjects.

3.8 Effect Size Analysis

In addition to the #test, Cohen’s d effect size analysis was conducted to determine the
magnitude of the treatment effect. This test aims to determine the size of the effect (effect size) of
the treatment given on students' creative thinking abilities. The cohen’s d value provides an
indication of how strong the difference is between the two groups, with general categories being
0.2 (small effect), 0.5 (medium effect), and 0.8 or higher (large effect). Therefore, the cohen’s d
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calculation strengthens the t-test findings while also providing practical information about the
strength of the treatment effect in the context of learning.

Table 4. Result of cohen’s d analysis

Content 7 (p value) Cohen’s d Interpretation
Viruses -5.11(p= 1.24 Large effect
0.0000)

The effect size analysis showed that the treatment produced a large effect on students’
creative thinking abilities, as indicated by Cohen’s d = 1.24. This finding means that the Creative
Problem Solving-based teaching module had a strong practical impact on improving students’
performance. These results are consistent with the study by Fatmawati et al (2022), which reported
that all indicators of creative thinking significantly improved in the class with the creative problem-
solving model. Helen & Kusdiwelirawan (2022) also found that creative problem solving not only
affects learning outcomes but is superior to the direct instruction model in stimulating divergent
thinking abilities. Luthfia (2024) reported that creative problem solving significantly strengthens
the connections between creative thinking indicators in physics learning and enhances students'
ability to generate original ideas

4. Discussion

The findings of this study demonstrate that the Creative Problem Solving-based teaching
module was effective in improving students’ creative thinking abilities on the topic of viruses. This
effectiveness is reflected in the higher increase in posttest scores achieved by the experimental
group compared to the control group. The descriptive analysis showed that students who learned
through the Creative Problem Solving-based module demonstrated stronger improvement in
creative thinking performance, indicating that the learning activities embedded in the module
successfully encouraged students to generate ideas, explore alternative responses, and develop
more creative solutions to biological problems.

The effectiveness of the Creative Problem Solving-based module may be explained by the
nature of the learning process it promotes. The module does not merely present biological concepts
for memorization, but actively engages students in identifying problems, generating multiple ideas,
evaluating alternatives, and selecting the most appropriate solution. Such learning experiences are
closely related to the core dimensions of creative thinking, particularly fluency, flexibility, and
originality. In the context of the topic of viruses, these stages likely helped students connect abstract
scientific concepts with authentic issues, making learning more meaningful and cognitively
demanding. As a result, students were given greater opportunities to construct knowledge actively
and express diverse responses, which may explain the stronger improvement observed in the
experimental group.

The statistical findings further support this interpretation. The posttest results revealed a
significant difference between the experimental and control groups, indicating that the
implementation of the Creative Problem Solving-based module contributed positively to students’
creative thinking abilities. In addition, the effect size analysis showed a large effect, which means
that the treatment was not only statistically significant but also practically meaningful in
educational settings. However, because the pretest scores were already significantly different, the
findings should be interpreted with caution. Even so, the greater improvement shown by the
experimental group, supported by the normalized gain and effect size results, indicates that the
module had a meaningful contribution to students’ progress.

The effectiveness of Creative Problem Solving found in this study is consistent with previous
research highlighting the importance of student-centered and creativity-oriented learning. Fahrisa
and Parmin (2022) reported that Creative Problem Solving can improve students’ critical and
creative thinking in science learning by encouraging them to consider multiple possible solutions.
Similarly, Helen and Kusdiwelirawan (2022) found that Creative Problem Solving was more
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effective than direct instruction in stimulating divergent thinking. In the present study, the module
provided students with opportunities to identify problems, generate ideas, evaluate alternatives,
and determine appropriate solutions in the context of biological content. This process appears to
have strengthened students’ fluency, flexibility, and originality in responding to learning tasks.

Another important implication of this study is that the development of creative thinking does
not occur automatically through conventional instruction. The lower improvement observed in
the control group suggests that traditional teaching approaches may not provide sufficient
opportunities for students to think divergently or produce original responses. In contrast, the
Creative Problem Solving-based module created a more active and flexible learning atmosphere in
which students could engage with ideas more freely and systematically. This suggests that the
quality of instructional materials plays an important role in determining how far students can
develop their creative potential. Therefore, the use of well-designed teaching modules should be
considered an important component of innovation in biology education.

Overall, this study provides empirical support for the integration of Creative Problem Solving
into biology learning as an effective strategy for improving students’ creative thinking abilities. The
findings contribute to the growing body of literature on innovative science instruction, especially
in the Indonesian educational context where research on the systematic development of Creative
Problem Solving-based teaching modules is still limited.

5. Conclusions

This study concludes that the Creative Problem Solving-based teaching module was effective
in enhancing students’ creative thinking on the topic of viruses in senior high school biology
learning. Students in the experimental group showed greater improvement than those in the
control group, and the statistical analyses indicated a significant difference with a large effect size.
These findings suggest that Creative Problem Solving-based learning can be used as a promising
instructional strategy to promote students’ creative thinking in biology education. However, this
study was conducted within a specific educational context with a relatively limited sample size,
and the quasi-experimental design did not involve fully equivalent groups at the beginning of the
study. Therefore, the findings should be interpreted with caution. Future studies are recommended
to involve larger samples, more equivalent participant groups, and broader educational settings to
strengthen the generalizability of the results.
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