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1. INTRODUCTION

The 21st century is marked by the development of science (Sahoo, 2021) and information (Bohalo, 2020).
This development has an impact on various aspect of economic life, transportation, technology and information
(Redhana, 2019). This era requires various skills to be able to face life's challenge (Hashim & Hameed, 2012;
Maloy, Verock, Edward, & Woolf, 2016; Nasir, 2017). An important skill for student to develop is higher order
thinking skills (Gupta & Mishra, 2021; Khaeruddin et al., 2023). High order thinking is a person's skills in dealing
with various global problem (Muhibbuddin, Artika, & Nurmaliah, 2023). Higher order thinking skills that student
need to have include critical thinking, problem solve, creative thinking, as well as collaboration and
communication (Abualrob, 2019; Barko & Sadler, 2013; Greiff et al., 2013; Sunwook et al., 2017).

One of the 21st century skills that is important to develop in student is creative thinking skills (Anam,
Mudakir, & Prihatin, 2023; Usman et al., 2023). Problem solving in learning science require the ability to creative
thinking, because problem solving is not only focused on understanding the problem but also developing various
student solution idea in the process of getting the essence of a problem (Akben, 2020; Allen & Gerras, 2009;
Erdem & Adiguzel, 2019). Creative thinking is also important in the student learning process to help problem
solving, generate ideas as new views and be able to argue in response to problem faced (Chang, Hung, & Lin,
2014; Wiggins, 2018). When a student has good creative thinking skills they tend to be able to spark ideas, produce
innovative solution and draw conclusion in the learning process (Carlson, 2023; Purwati & Alberida, 2022). The
basic characteristic of creative thinking is showing the efficiency of mental activity and student ability to face
problem and be responsible (Erdem & Adiguzel, 2019; Gajda, Karwowski, & Beghetto, 2016; Karwowski &
Gralewski, 2012). Based on the Global Creativity Index data in terms of technology, talent, and tolerance,
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Indonesia’s country ranking is located at 115 out of a total of 139 countries (Gifari & Madhakomala, 2023). The
data shows that in Indonesia, creative thinking is still in the low category.

Several previous researchers also explained that there was still a lack of student creative thinking skills and
there were problems encountered in effort to develop student creative thinking skills (Cheng, 2010; Gomez, 2007;
Laius & Rannikmde, 2014; Suratno et al., 2019). Creative thinking is a skill that is needed in a classroom
environment and can be developed through certain learning approach (Gomez, 2007; Okpara, 2007). Referring to
the development of education in terms of developed countries which are currently being intensified namely
learning that involves multi-disciplinary knowledge (Kara, 2018; Neill et al., 2019; Sokolowski, 2018), one of
which is the approach of science, technology, engineering, and math (STEM) (Kong & Matore, 2022). STEM
education proposes the interdisciplinary integration of knowledge, skills and belief related to more than one STEM
discipline through the collaborative effort of student and teacher (Corlu, Sencer, & Capraro, 2014; Oner et al.,
2014). The four aspect of STEM are needed simultaneously to create an active and cohesive learning system to
solve a problem (Smith et al., 2022; Wakhid & Nadhiroh, 2021; Zhan & Niu, 2023). STEM education is felt to be
important for the future of the nation and the future of the younger generation to shape everyday experience and
therefore it is necessary to pay attention to the implementation of STEM teaching in school to prepare students
for global competitiveness (Birenbaum et al., 2006; Lavi, Tal, & Dori, 2021; Malti, 2017).

STEM is becoming a hot and important learning approach in today's world (Kelley & Knowles, 2016;
Kiray & Shelley, 2018; Setiono & Windyariani, 2023). The smoothness of the science learning process cannot be
separated from the use of learning model in it. Through the application of the STEM approach student are expected
to be able to find solution to complex problems and 21st century life skills in order to compete globally (Breiner,
Johnson, Harkness, & Koehler, 2012; Moore, 2007; Wahono & Chang, 2019). The application of the STEM
approach is usually followed by problem based learning (Nessa, Hartono, & Hiltrimartin, 2017; Sayary, Forawi,
& Mansour, 2015). According Wahono, Lin, & Chang (2020), to implement STEM in the classroom and in order
to get good results another learning model is needed. One example is combined with the Project-Based Learning
model (Bunyamin & Finley, 2016; Chang et al., 2014; Redkar, 2012). Project-Based Learning can be one of the
current learning solution that encourage student to construct their knowledge through a process of observation,
experimentation and experience in working on project that are in accordance with constructivism theory (Markula
& Aksela, 2022; Wahbeh et al., 2021). STEM-PjBL learning is beneficial for 21st century learning because it
helps student problem solving, creative thinking, support future career (Tseng, Chang, Lou, & Chen, 2013), as
well as mastering complete knowledge in science, technology, engineering, and math at the same time (English
& King, 2015; Erdogan, Navruz, Younes, & Capraro, 2016). Based on the results of research that has been
conducted by previous researchers, can strengthen the author's foundation in implementing STEM-PjBL learning
research in seeking active learning activities that emphasize more collaborative learning, scientific, increasing
student motivation and enthusiasm for learning, so that this paper was carried out to analyze the effect of the
STEM-PjBL learning model on the creative thinking skills of junior high school student.

2. RESEARCH METHOD

This research is a quasi-experiment with a nonrandomized control-group pretest-posttest design. The
participants in this research were 8th grade of the SMP Negeri 1 Bengkulu Selatan in the subject of Natural
Sciences, particularly the topic of biomimicry. Research samples were 109 Indonesian junior high school student,
which comprises one experiment class group and one control class group determined by a cluster random sampling
technique. The experimental class applies the STEM-PjBL learning model and the control class applies the
Problem-Based Learning. The reason for implementing the Problem-Based Learning in the control class is based
on the result of a needs analysis with the Natural Sciences teacher at the school where the study stated that this
learning model is a learning model that is most often applied during the learning process in class, while the STEM-
PjBL model is a new learning model and has not been implemented by teacher in research school. Problem-Based
Learning itself is different from STEM-PjBL because Problem-Based Learning only emphasizes problem solving
activities, questions, discussion between teacher and student that focus on multi-concept problem to gain
knowledge (Sukacke et al., 2022; Zhang & Ma, 2023). The research design in this paper can be reviewed based
on Table 1.

Table 1. Research Design

Class Pretest Treatment Posttest
Control X1 Problem-Based Learning X
Experiment X1 STEM-PjBL X

Source: (Leedy & Ormrod, 2015)

This research was conducted by giving a pretest to the two research sample class. The treatment was given
to the experiment class by implementing STEM-PjBL learning with the topic of biomimicry learning. Meanwhile,
the control class was given Problem-Based Learning with the topic of biomimicry learning. After being given

Enhancement of Indonesian Junior High School Student Creative Thinking Skill Through a STEM-

Project Based Learning: A Case Study of Quasi-Experimental Evidance (Astrino Purmanna) 67



BIOEDUKASI: Jurnal Biologi dan Pembelajarannya Vol. 22 No 1, February 2024, page 66-77
e-1SSN: 2580-0094; p-ISSN:1693-3931

treatment, two research sample class were given a posttest. The student were not informed beforehand about the
posttest. This type of research can be implemented into many learning topics, especially in Natural Sciences
subjects. The reason the author uses the topic of biomimicry in this research is that biomimicry is seen as a
revolution in education by offering teachers a way to inspire students of all ages by combining life sciences,
STEM, creative thinking and design. This lesson provides a brief overview of concepts, processes, inspiration
from nature, which equips students to solve a problem by creating an innovative technology product inspired by
nature.

Retrieval of research data was carried out by testing essay questions on creative thinking skills totaling
five questions designed based on indicator: fluency, flexibility, originality, and elaboration according Treffinger,
which can be seen in Table 2 and assessment rubrics of creative thinking skills in Table 3. Before being tested on
student, research instrument were validated through expert lecturer and science teachers at research schools so
that the instrument used were suitable for use as a whole and to reduce error in measurement.

Table 2. Creative Thinking Skills Indicator
Variable Sub Variable Indicator

1. Write down lot of idea
2.Presenting answer with many alternative

Fluency 3.Quickly see the strength and weaknesses of an
object and situation
1. Provide varios interpretation of the situation
- 2. Think of various answer or way to solve problem
Flexibility

from all point of view
3. Classify things according to different division
1. Finding a unique combination different from the
Originality other
2. Problem solve with their own idea
1. Enrich and develop an idea
Elaboration 2. Looking for a deeper meaning to the answer or
problem solving by doing detailed step

Creative Thinking

Table 3. Assessment Rubrics of Creative Thinking Skills

Aspect Description Scoring Guidelines Score
Didn’t give an answer 0
Student are able to propose ideas but the ideas 1
presented are not relevant to the problem
. Student are able to convey an idea that is relevant 2
Fluency  Put forward thoughts and ideas g the problem
Student are able to convey 3 ideas that are relevant 3
to the problem
Student are able to express more than 3 ideas and 4
thoughts that are relevant to the problem
Didn’t give an answer 0
Student have not been able to describe and explain 1
their thoughts and ideas
] Student are able to explain their thoughts and ideas 2
Put forward ideas and concepts  pyt are not accompanied by supporting facts
Flexibiliy tnatare varied, logical, relevant - st dent are able to describe and explain at least 3 3
and come from several different  geas and concepts accompanied by supporting
points of view facts and reasons
Student are able to describe and explain more than 4
3 ideas and ideas accompanied by supporting facts
and reasons
e, . 0
Originali Providing ideas that are new, Didn’t give an answer ) o .
riginality unique and different and Student are able to provide 1 solution idea that is 1

relevant but not unigue and not different
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Aspect Description Scoring Guidelines Score
appropriate to the problems Student are able to put forward 2 solution ideas that 2
faced are relevant, unique and different

Student are able to put forward 3 solution ideas that 3
are relevant, unique, different and logical

Student are able to put forward more than 3 4
solution ideas that are relevant, unique, new,

different and logical

Didn’t give an answer 0
Student are unable to provide explanations of their 1
thoughts and ideas
] . o Student are able to provide explanations of their 2
~ Generate ideas with specific, thoughts and ideas but are not detailed and do not
Elaboration complete and interesting make plans
detailed information Student are able to explain their thoughts and ideas 3
in detail but do not make plans
Student are able to provide detailed, specific and 4

complete explanations of their thoughts and ideas
accompanied by their designs

The research data in this paper were analyzed using non-parametric statistics to determine differences in
the creative thinking skills of student who were taught using the STEM-PjBL and Problem-Based Learning. The
non-parametric analysis chosen is Quade's Rank Analysis of Covariance. Prior to testing the hypothesis, a
prerequisite test was carried out which consisted of normality and homogenity test, which can be seen in Table 4.
The result of the normality test with the Kolmogorov-Smirnov show that the distribution of the research data is
not normally distributed and the result of the homogenity test with the Levene's Test show that the data is
homogeneous.

Table 4. Prerequisite Test

Variable N p a Decision
A. Control Class
Pretest creative thinking 56 .001 .05 Not Normal
Normality Posttest creative thinking 56 .021 .05 Not Normal
B. Experiment Class
Pretest creative thinking 53 .007 .05 Not Normal
Posttest creative thinking 53 .075 .05 Normal
Variable
Homogeneity Pretest creative thinking 107 .586 .05 Homogeneous
Posttest creative thinking 107 127 .05 Homogeneous

3. RESULT AND DISCUSSION

STEM-PjBL isa learning that links the Project-Based Learning model in which it uses the STEM approach.
STEM is a scientific discipline that is closely related to one another. Science require math as a data processing
tool, while technology is an application of science itself (Ozkaya, Thurston, MacKenzie, & Ain, 2023). Learning
science also require an engineering design process, namely knowledge to operate or design a procedure to problem
solving (Aini & Aini, 2023). STEM-PjBL is a learning that directs student in a group to collaborate in completing
a project where the project integrate science, technology, engineering, and math. In STEM-PjBL learning, the
most important advantage is the creation of products to solve authentic problem. his is what distinguishes STEM-
PjBL learning from other student centered pedagogy, for example Problem-Based Learning.

Table 5. The Mean of Score Creative Thinking Skills
Pretest + Standard  Posttest + Standard

Variable L . Difference
Deviation Deviation
Problem-Based Learning Model 35.44 + 47.67 47.67 + 16.06 12.49
STEM-PjBL Model 32.64 + 14.66 61.03 £ 13.52 28.39

The results of the research in this paper are pretest-posttest data on the creative thinking of junior high
school student. Student creative thinking in class using STEM-PjBL and Problem-Based Learning model have
increased, as shown in Table 5. The increase in creative thinking skill score in the STEM-PjBL class was higher
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than in the Problem-Based Learning class. The difference in pretest and posttest score in the STEM-PjBL class
was 28.39, while in the Problem-Based Learning class it was 12.23. Based on the prerequisite test, it is known
that the data in this study do not meet the requirements for a parametric difference test. Based on this, in this study
it was decided to switch to using non-parametric statistics to find out whether there were difference in student
creative thinking between class using STEM-PjBL and the Problem-Based Learning in this study. The non-
parametric analysis chosen is Quade's Rank Analysis of Covariance. Table 6 present a summary of the result of
hypothesis testing that there is an effect of differences in STEM-PjBL and Problem-Based Learning model as well
as differences in the significance of indicator of student creative thinking based on differences in the learning
treatment of the two study sample class.

Table 6. Results Quade’s Rank Analysis of Covariance Creative Thinking Skills

Mean .
Sum of Squares  df Square F Sig.
Model Between Groups 24377.116 1 24377116 59425 .000
(STEM-PJBL, Problem-
Based Learning)
Within Groups 43893.104 107 410.216
Total 68270.220 108
Fluency Between Groups 27802.879 1 27802879 43532 .000
Within Groups 68337.982 107  638.673
Total 96140.861 108
Flexibility Between Groups 28878.535 1 28878535 58599 .000
Within Groups 52731.708 107  492.820
Total 81610.243 108
Originality Between Groups 12401.266 1 12401.266 26.591 .000
Within Groups 49901.751 107  466.372
Total 62303.017 108
Elaboration Between Groups 595.267 1 595.267 761 385
Within Groups 83689.344 107 782143
Total 84284.611 108

*) Significance at p < 0.05

Results Quade’s Rank Analysis of Covariance shows that there is a significant difference in student
creative thinking skills between class using the STEM-PjBL learning and the Problem-Based Learning (p < 0.05).
Furthermore, results Quade’s Rank Analysis of Covariance shows that there are significant difference in student
creative thinking on indicator fluency, flexibility, and originality (p < 0.05), however there is no significant
difference in results on indicator elaboration student between class using STEM-PjBL and Problem-Based
Learning (p > 0.05). The findings in this research, there is an influence of STEM-PjBL learning on each indicator
of creative thinking and there is a significant difference in increasing students' creative thinking through STEM-
PjBL learning and Problem-Based Learning. The findings in this research also show that the data on indicators of
student creative thinking in the aspect of originality experienced the most significant increase after learning using
STEM-PjBL which can be seen in Figure 2. Based on the analysis in this paper as a whole, it shows that the
creative thinking of student who are taught using the STEM-PjBL model is significantly higher than student who
are taught using the Problem-Based Learning model.

Creative thinking skills in this study are also reviewed based on the increase in each indicator. Class that
using STEM-PjBL and Problem-Based Learning experience an increase in each indicator, but both have different
range of increase. This percentage range shows that the increase in the score of each indicator of creative thinking
is higher in the STEM-PjBL class when compared to the Problem-Based Learning class. Based on the finding of
this study as a whole it can be concluded that students' creative thinking through STEM-PjBL is better when
compared to Problem-Based Learning. This shows that the learning process through STEM-PjBL has the potential
to improve students' creative thinking. This is based on the fact that in STEM-PjBL learning, students are invited
to carry out meaningful learning in understanding concepts. Student are invited to explore through project
activities, so that students are actively involved in the learning process. Through STEM-PjBL learning, it can
provide students with the opportunity to explore problems that can provide solutions, thereby increasing students'
ability to think creatively. This can improve creative thinking skills which encourage students to be able to see a
problem from various points of view by thinking fluently, flexibly, the result of their own thoughts or elaborated.
A more detailed description can be observed in the bar chart in Figure 1 for the control class and Figure 2 for the
experimental class.
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Figure 1. Diagram of the Average of Each Indicator of Creative Thinking Skills for the Control Class

The finding in this paper are in line with previous research conducted by other researchers, namely STEM-
PjBL learning can improve student creative thinking skills (Lestari, Sarwi, & Sumarti, 2018; Saefullah et al.,
2021). Furthermore, Shahbazloo & Mirzaie (2023) state that learning that applies the integration of science and
math can increase learning achievement, greater curiosity, skills for creative thinking and increase student
motivation. This is reinforced by the theoretical basis which reveal that through STEM-PjBL learning model it is
possible to train student in mastering and exploring concept, problem solving and creative thinking like technician
and scientist which is manifested in the form of a particular technology or product (Diana, Yohannes, & Sukma,
2021; Purwaningsih et al., 2020; Zhang & Ma, 2023), so that STEM-PjBL learning model can provide a certain
opportunity for student so that in the learning process carried out they become more active, so that student can
easily construct their own knowledge independently.
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Figure 2. Diagram of the Average of Each Indicator of Creative Thinking Skills for the Experiment Class

Aspect of the STEM approach that are integrated at each stage of the learning process play a role in the
success of increasing student creative thinking skills in this paper. STEM learning provide a more meaningfull
and relevan learning experience STEM learning provide a more meaningfull and relevan learning experience
(Mulyani, 2019; Stohlmann, Moore, & Roehrig, 2012; Syarah, Rahmi, & Darussyamsu, 2022). Science in this
STEM approach includes the process of asking questions, hypothesizing, carrying out information gathering,
carrying out analysis and communicating it (Lavi et al., 2021). Technology in this STEM approach is a certain
process that an individual carries out with his expertise as a scientist and technician in carrying out environmental
modification so that he can fulfill his desires and need (Istiana et al., 2023). Engineering in the STEM approach
is a series of specific processes that include identifying problem, gathering information, developing various
possible solution to problem, selecting the best problem solution, designing and executing them, conducting test,
repair and assessment (Lin, Wu, Hsu, & Williams, 2021). Mathematics in this STEM approach is a pattern as well
as a relationship that is used as a language in explaining the universe which includes formula, operation, number
and the interrelationship of these relationship (He et al., 2021). This STEM approach basically implement how an
engineer carries out his work (Hidiroglu & Karakas, 2022; Tunc & Bagceci, 2021). The learning model that
exemplifies how an engineer works is Project-Based Learning model (Beuchat, Bradford, & Buskes, 2022;
Hughes, Love, & Dill, 2023).

Past research has shown that using Project-Based Learning as a learning model can improve student 21st
century skills as well as creative thinking skills (Issa & Khataibeh, 2021; Widarbowo et al., 2023). Project-Based
Learning in this study is carried out by giving various problem to student to solve which are contextual in nature
and require direct experience in forming meaning through the integration of knowledge from science, technology,
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engineering and math (STEM) (Almulla, 2020). The difference between PjBL and other learning model is that in
PjBL student design project and make product, so they practice doing them (Chen & Yang, 2019). The STEM-
PjBL relationship in this study is an innovative learning approach, where student in PjBL are required to create
project or product (Chen & Yang, 2019), while STEM is a component that has interdisciplinary relationship
(Saefullah et al., 2021) which is intended to train and assist student to have 21st century life skills, which include
creative thinking Based on the research finding in this paper, it is revealed that student creative thinking skill can
be empowered by the STEM-PjBL learning process properly. The implementation of STEM-PjBL learning is
necessary to help student be more optimal. The result of the research in this paper are expected to contributes to
the academic community in seeking reference information and reference to carry out Natural Science learning,
especially on the topic of biomimicry through the STEM-PjBL learning model.

The stages of the learning process that provide more support in improving students' creative thinking skills
in this research are students being able to set learning goals, students discussing each other's ideas, students
agreeing on solutions for solving problems in groups, students writing complete reports then carrying out
presentation. At this stage, it is able to trigger ideas from different points of view and mutual respect between
student and teachers. According to Wahono et al. (2021), The STEM approach can develop student ability to think
and also make decisions, besides that it has a positive influence on the process of developing student thinking
because it involves many perspectives. In the learning process, STEM-PjBL requires cooperation, communication
between colleagues, problem solving skills and self-management. STEM-PjBL learning helps students bridge the
knowledge learned at school with the real world. Integration between several fields of science in STEM-PjBL
helps students provide meaning that one field of science is closely related to other fields of science.

4. CONCLUSION

These creative thinking skills are urgent and important to be empowered in the world of education. This
paper concludes that the application of STEM-PjBL learning is able to improve the creative thinking of junior
high school student in the subject of Natural Science, particularly the topic of biomimicry. Class that implement
STEM-PjBL learning model are significantly better at student creative thinking skills when compared to class that
apply Problem-Based Learning model. This is inseparable because in STEM-PjBL learning it applies project
based learning that integrate the four STEM discipline in it. Based on the final result of this study, it is felt that
STEM-PjBL can be utilized to support active learning activities and require student to empower student creative
thinking skills.
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