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Abstract

This study aims to determine the effect of PJBL-STEM learning with design thinking strategies on ~ Article Info:
students’ creative thinking skills on global warming material. This research was conducted at public ~ Recieved:
high school Pringsewu with a research design that is non-equivalent control group design. The — 07/10/2025
research instrument used was a description test. Learning using PjBL-STEM with a designthinking Revised:
strategy improves students’ creative thinking skills, this is indicated by the average value of the 08/03/2026
experimental class N-gain of 0.6130 which is greater thanthe control class with an average value of

0.5051 N-gain which is in the moderate category. Based on this data, it shows that the creative — Accepted:
thinking ability of studentshas a significant difference between the experimental class and the — 21/04/2026
control class. This is also supported by the data from the Independent Sample t-test hypothesistest

results obtained Sig value. 0.003, it can be decided that the application of PJBL-STEM with a design

thinking strategy can improve students’ creative thinking skills on global warming material.
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1. Introduction

The development of knowledge, academic ability, and thinking skills in learners is a challenge in
21¢ century learning. This challenge can be faced by implementing learning innovations that stimulate
21t century skills include creative thinking, critical thinking, collaboration, and communication skills
which are recognized as competency standards that learners need to have to meet the demands of
future life [1]. One of the 21 century skills that must be mastered by learners is creative thinking [2].
Creative thinking skills play an important role in the learning of all learners and are part of the higher
order thinking skills that need to be developed. When learners pay attention to the learning process,
creativity will increase understanding and encourage cognitive development [3]. The characteristics of
the independent curriculum are in its problem and project oriented learning [4]. The problems
discussed in the independent curriculum are energy conservation and global warming, this aims to
increase students' awareness of environmental issues around them [5].

Based on the results of interviews with educators of SMA Negeri 2 Pringsewu, it is known that
in the learning process students are given a concept, which in the learning activities educators only
transfer knowledge to students, and are given practice problems related to the concepts that have been
given. Students still tend not to be able to solve physics problems in new or innovative ways. Students
also have not fully learned to apply physics concepts in making a real work. In addition, the learning
process does not invite students to be actively involved in learning and applying the material to the
real world.
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This makes students bored and less enthusiastic about the lesson, causing them to become passive. In
fact, the learning process will be more effective if students actively participate in the learning process.

The role of the teacher is not only as a transfer of knowledge or the teacher is the only source of
learning who can do anything (teacher center), but the teacher as an active mediator and facilitator to
develop the active potential of students who exist in themselves. The solution to realize the success of
teaching and learning activities is the selection of the right learning model, in improving the ability to
think creatively, the right learning model is the project-based learning model [6].

Project Based Learning is one of the most widely adopted innovative teaching models to face
future challenges [7]. Another way to improve students' creative thinking skills is with the STEM
(Science, Technology, Engineering, and Mathematics) approach because it is suitable for creativity,
because the engineering process is a process of training creativity. STEM implementation can fulfillthe
integration of skills and content in the 21+ century [8]. PjJBL-STEM makes students actively involved
and participate in the learning process [9]. On the topic of global warming, it has not been widely used
in the form of integrated learning PjBL-STEM design thinking. Combining the PjBL- STEM learning
model with design thinking strategies is often in the form of project-based learning, which is a major
change in the learning process [10]. This is because through STEM integrated design thinking, students
are given the opportunity to realize creativity or ideas in solving surrounding problems and can
improve 21st century skills [11].

Based on the description of the background of the problem above, the PjBL (Project Based
Learning) learning model which is integrated with the STEM (Science, Technology, Engineering, and
Mathematics) approach with a design thinking strategy is an alternative solution to improving
students' creative thinking skills, so researchers conducted research on the implementation of PjBL-
STEM with design thinking strategies to improve students' creative thinking skills on global warming
material.

2.Methods

This study use a quantitative approach and including quasi eksperimental. Research design used
is nonequivalent pretest posttest group design because on this study want to see difference students
Physics learning outcomes in control class and experiment class. As for pattern from the research design
used displayed by Table 1.

Table 1. Quasi-Experimental Design

Class Pre-test Treatment  Post-test
Experiment 04 X1 0:
Control 03 C 04

Information: X1 = giving treatment form learning with use model PjBL-STEM with design thinking
strategies, X> = giving treatment form learning with use conventional learning model, O: and Oz = pre-
test and post-test class experiment, Os and Os = pre-test and post-test control class.

This research was implemented in SMAN 2 Pringsewu in 2023/ 2024 academic year. The
population research is all over student class X SMAN 2 Pringsewu, taking sample done with technique
purposive sampling, obtained results that class X-4 as class experiment and class X-5 as class control.
The data collection technique uses student learning outcomes based on pre-test and post-test using a
10-item description test instrument at the C4-C6 cognitive level. The pretest and post-test question
instruments were carried out in the experimental class and control class with the same question format.
The pre-test questions given before treatment have the same form and number as the post-test
questions after treatment.
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The data analysis technique used the N-gain test to see the increase in students' creative thinking skills
in experimental and control classes. Then the data was analyzed using t-test to see the effect of PjBL-
STEM model with design thinking strategy on creative thinking ability of students of SMAN 2
Pringsewu. Results and discussion can be used as one unit that contains research findings and
explanations.

3.Results and Discussion

Learning activities were carried out for four meetings with material on global warming. Before
learning begins, researchers give a pretest to see the initial abilities of students. After the learning
activities were completed, the researchers gave a posttest to see the abilities that students had achieved
after applying the PjBL-STEM model with design thinking strategies in the experimental class and the
conventional learning model in the control class. The average pre-test and post-test and post-test scores
for the experimental and control classes can be seen in Figure 1.
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Figure 1. Students Learning Outcomes of Control Class and Experimental Class

Based on Figure 1, the results shows a comparison of the average pre-test and post-test scores in the
control class and experimental class. In the control class, the average pre-test score was 55.58 and the
average post-test score was 77.67. In the experimental class, the research data showed that the average
pre-test score for the experimental class was 55.67 and the average post-test score was 82.33.

Table 2. N-gain Test Result

N-gain Score

Class lowest highest =~ Average Category
Experiment 0.32 0.92 0.6130 Medium
Control 0.25 0.78 0.5051 Medium

Based on the results of the N-gain test in Table 2, the results of students' creative thinking skills in the
experimental class obtained an average N-gain of 0.6130 which was included in the moderate category.
While the results of students' creative thinking skills in the control class obtained an average N-gain of
0.5051 which was also included in the moderate category. So based on the results of the N-gain score
test calculation, it shows that the average N-gain value for the experimental class is greater than the
control class.
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Table 3. Independent Sample t-test Result

Class N  Mean S.D t Sig.
Experiment 30 0.6133 0.14411 3.059  0.003
Control 30 0.5047 0.13069 3.059  0.003

Based on Table 3, it can be seen that the fvane is 3.059. At the significance level a = 0.05, the
significance value obtained is 0.003. In accordance with the decision-making criteria if sig < 0.05 then
Ho is rejected and Hi is accepted, this indicates the influence of the PjBL-STEM learning model with
design thinking strategies on the creative thinking skills of students of SMAN 2 Pringsewu. The
research objective in this study was to determine the effect of PjJBL-STEM learning model with design
thinking strategy on students' creative thinking ability on the topic of global warming. Based on the
results of the study, it was found that students' creative thinking skills on global warming material
were still relatively low. The low learning outcomes can be seen from the pre-test results. The results
of students' creative thinking skills based on the post-test results in the experimental class and control
class have increased. Although the results of students' creative thinking skills in both classes have
increased, the results of students' creative thinking skills in the experimental class are higher than the
control class. This can be seen from the average post-test value in the experimental class of 82.33 and
the average post-test value in the control class of 77.67 with a difference of 4.66.

Based on the results and findings of the study, the application of the PjBL-STEM learning model
with a design thinking strategy affects students' creative thinking skills. This shows that the PjBL-STEM
learning model with design thinking strategies contributes to the learning process and increases
students' understanding of the material taught. This is in line with research conducted by Saefullah [12]
that in their research the application of PjJBL-STEM can improve creative thinking skills. In this study,
there are several factors that influence the high creative thinking ability of students in the experimental
class. The experimental class applied the PjBL-STEM learning model with a design thinking strategy.
Where the PJBL-STEM model integrates four scientific fields in one learning process, so that learning
becomes better in stimulating students' creative thinking skills. Project-Based Learning provides
learning that involves students in designing, making, and displaying products to solve real world
problems [13]. While the STEM approach involves the integration of science, technology, engineering,
and mathematics and other fields of study through Project-Based Learning experiences that require the
application of knowledge to solve authentic real world problems in a collaborative environment for the
benefit of learners [14], and the design thinking strategy is an approach that focuses on deep
understanding of problems and the search for innovative solutions. So that this learning is packaged in
the form of project activities, This is what distinguishes between the experimental and control classes.

The learning process in the experimental class begins with the Reflection stage where problems
are presented through phenomena such as the increase in the average temperature of the Earth and the
melting of polar ice caps as an impact of global warming. As a form of participation in building
students' empathy in the empathize stage, the teacher asks students to find solutions to these problems.
Learners are asked to investigate the causes of melting polar ice caps and provide solutions to the
problems that occur. In this stage, learners are able to recognize countermeasures that become solutions
to existing problems. This is supported by [15] which states that the fluency aspect is characterized by
students being able to come up with many answers, ideas, problem solving and questions, and students
always think of more than one answer. Learners are also trained in flexibility by providing various
interpretations in the form of answers to the questions given [15]. So, it can be concluded that at this
stage students are able to think creatively on fluency and flexibility indicators.
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The next syntax is Research, students are directed to conduct searches related to the factors that
cause global warming, looking for relevant information from various literature sources regarding
environmental changes as a result of global warming and the largest greenhouse gas emissions that
cause global warming. Learners are also directed to find out alternative solutions in tackling
greenhouse gas emissions that continue to increase. Learners in groups will be given a project to make
solar-powered power banks with the aim of reducing electricity use. This is an application of the design
thinking process at the define stage and trains students' creative thinking skills in the fluency indicator,
because students are required to analyze problems and find information related to solutions, and
design to test the products made.

The next syntax is Discovery. At this stage, students develop a solar-powered powerbank design.
Learners determine the tools and materials needed, and draw the product design design. At this stage
students also apply the design thinking process at the ideate stage which is seen from their ability to
provide ideas or solutions to problem solving in the form of product design. The creative thinking
ability that appears at this stage is elaboration which is seen from the ability of students to describe or
describe the product they will make. This is in line with research conducted [16] that elaboration is
characterized by learners being able to describe tools and materials and provide information on project
parts.

The next stage, namely Application at this stage the teacher guides students to start designing
solar-powered power banks. Learners make solar-powered powerbank products with their groups and
write down the work steps for making products. At the stage of making solar-powered power banks
which are carried out in groups, the teacher monitors the activeness of students during project work
and monitors students if they experience difficulties. Each learner must be involved and contribute
during the manufacturing process. So that students are able to complete the project as planned. Making
solar-powered power banks is an application of the prototype stage design thinking strategy, which is
characterized by students expressing their ideas in the form of real work, namely making solar-
powered power banks as an alternative solution to reduce electricity use (Figure 2). At this stage,
students can also produce answers that are presented in their own language which trains their creative
thinking skills on their originality indicators. In accordance with the opinion of [17] that originality is
the skill of students in solving problems in their own way.

Figure 2. Creating Solar Powerbank Products

After the product is finished, students with their groups test the product by directly trying to
charge the cellphone. At this stage the creative thinking indicators that are trained are elaboration and
originality. The elaboration indicator is seen when learners are able to complete the project according
to the specified schedule [18]. Originality is seen when learners are able to complete projects through
ideas that have been designed and convey new things obtained. In line with the research of Skinner et
al. [19] that involving students in the learning process is important to encourage students to shape
STEM learning. Creative thinking skills using STEM-based project learning models are superior to
conventional learning models [20].
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The last syntax is Communication. At this stage, students make presentations to communicate
the results of solar-powered powerbank products that have been made. This final stage is also the
last step in the design thinking process, namely the test stage, where students develop, compare, or
improve their work. At this stage students practice creative thinking skills on fluency and elaboration
indicators. This is supported by [18] that fluency thinking can increase at this stage with the training
of students in presentations, students must be able to explain and present project results to other
groups. Meanwhile, elaboration can be identified from the way students answer a question in detail
and can expand an idea [21].

The findings of this study clearly demonstrate that the implementation of STEM-based Project-
Based Learning (PjBL) combined with design thinking strategies has a significant positive effect on
students” creative thinking skills in the context of global warming material. The experimental class
showed higher post-test scores and N-gain values compared to the control class, with statistical
analysis confirming a meaningful difference (Sig. = 0.003 < 0.05). This indicates that the integration of
STEM and design thinking into project-based learning provides students with richer opportunities
to explore, innovate, and apply knowledge in authentic contexts.

The urgency of these results lies in the fact that creative thinking is one of the core competencies
required in the 21% century. Traditional teacher centered approaches often fail to stimulate creativity,
leaving students passive and disengaged. By contrast, the PjJBL-STEM model with design thinking
fosters active participation, problem-solving, and innovation. In the context of global warming not
only learn scientific concepts but also develop practical solutions, such as designing solar powered
power banks. This shows that the model not only enhances cognitive skills but also builds
environmental awareness and responsibility.

Scientifically, the impact of this research is twofold. First, it provides empirical evidence that
combining STEM integration with design thinking enriches Project-Based Learning outcomes,
particularly in creative thinking dimensions such as fluency, flexibility, elaboration, and originality.
Second, it contributes to the growing body of literature on innovative pedagogical models that align
with the demands of the independent curriculum and global educational trends. The study highlights
that creativity can be systematically nurtured through structured learning designs rather than being
left to chance.

4. Conclusion

Based on the results of research conducted at SMAN 2 Pringsewu, it can be concluded that
there is an effect of the PjBL-STEM learning model with a design thinking strategy on students'
creative thinking skills on the topic of global warming. This is evidenced by the results of hypothesis
testing where the significance value is 0.003 < 0.05. Therefore, this study suggests that teachers can
use the PjJBL-STEM learning model with design thinking strategies as an alternative in the physics
learning process at school. It is also expected for future researchers to be able to provide student
activity observation sheets to observe student learning activities during the learning process.
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