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Introduction

Abstract: The 21st century demands today's students to face increasingly
complex life problems and a globally rigorous work environment. A
learning model that can facilitate learners in developing their creative
thinking skills is necessary. The objective of this research is to determine the
influence of PBL-STEAM integration on learners' creative thinking abilities
in the topic of environmental pollution. This type of research is quantitative
with quasi-experimental research methods. The research sample consisted
of 58 learners, with each class consisting of 29 learners selected through
simple random sampling. Based on hypothesis testing using independent t-
test at a = 0.05, the research findings showed a significance value of 0.00, this
suggests that the PBL-STEAM learning model has an effect on learners'
creative thinking in the topic of environmental pollution. The influence of
the PBL-STEAM model on learners' creative thinking abilities can be
analyzed based on the syntax of learning within the PBL-STEAM model. The
results of this research imply that the PBL-STEAM learning model can be
employed as a substitute for a model that enhances students' creative
thinking abilities in the topic of environmental pollution.
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to think creatively will have a hard time finding
alternative solutions to their problems (Sigit et al., 2019).

The 21st century demands today's students to face
increasingly complex life problems and a globally
rigorous work environment. In dealing with this
situation students need to have a variety of strong
thinking skills and various other skills known as 21st
century skills (Zubaidah, 2019). One of the 21t century
skills that students today need is the ability to think
creatively (Zohar & Cohen, 2016).

Creative thinking can train students to develop
many ideas and arguments, ask questions, and be
responsive to different views (Sumarni & Kadarwati,
2020). With this ability, students will find many
solutions to solve various challenges in their
environment. As a result, students who lack the ability
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Students in Indonesia have the ability to think
creatively which is included in the low category
(Nurhamidah et al., 2018). This is in accordance with
research conducted by the Martin Prosperity Institute
(2015) in The Global Creativity Index which states that
out of 139 countries, the Indonesian people's creativity
index is in 115th position. The reason for the low ability
of students' creative thinking is that the learning model
applied in schools tends to be used by conventional
learning models (Septiana & Ikhsan, 2017) and teachers
are more active than students when learning takes place
(Sihaloho et al., 2017). Therefore, an effort is needed to
be able to optimize students' creative thinking abilities
through the learning process.
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In order to enhance students' creative thinking,
teachers must be able to create a creative classroom
environment (Iskandar et al, 2020). The learning
atmosphere needs to be designed in such a way that
students can freely work to bring up various creative
thoughts and ideas during the learning process (Uret &
Ceylan, 2021). As such, a learning model is necessary
that facilitates the development of creative thinking
abilities in students. Problem Based Learning (PBL) is a
teaching method that facilitates the development of
creative thinking (Kusumawati et al., 2021).

In PBL, problems that are relevant to the real world
are used as lesson contexts, this allows students to learn
to think creatively in solving these problems so as to
facilitate the acquisition of important knowledge and
ideas from existing subject matter (Amrina et al., 2020).
Creative thinking can indeed be trained through the PBL
model, but the application of PBL alone is not enough.
Another approach to learning is also necessary that
promotes the greatest possible improvement in students'
creative thinking abilities. One approach of this type is
the STEAM approach (Ahmad et al., 2021; Budiyono et
al., 2020; Hehakaya et al., 2022).

The application of PBL-STEAM can be done on
environmental pollution material, this is to train
students' thinking skills so they can find solutions to
environmental damage that is happening at this time
(Putri et al., 2018). In addition, environmental pollution
material is a science learning topic that requires students
to have high analytical skills (Azrai et al., 2017). In
environmental pollution material, there are many
environmental problems that can be identified and a
solution is needed, one of which is the ability to think
creatively.

Based on research conducted by Budiyono et al,
(2020) It's recognized that the PBL-STEAM model has a
significant impact on the creative thinking abilities of
high school students. However, this research was
conducted with only one experimental class that lacked
a comparison class. Research by Hehakaya et al., (2022),
The integration of PBL-STEAM in the ecosystem has an
effect on high school students' creative thinking abilities.
Next on research Ahmad et al., (2021) it is known that
learning using the STEAM approach can develop
creative thinking skills in semester 5 college students.

Based on the identification that has been described,
research related to the PBL-STEAM model and its effect
on junior high school students' creative thinking abilities
on environmental pollution subject has never been done.
On the basis of this explanation, this research aims to
analyze the influence of the PBL-STEAM model on
junior high school students' creative thinking abilities on
environmental pollution.
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Method

The quasi-experimental method was employed in
this study and research design pretest-post-test non-
equivalent group design. The participants were students
of the 7 grade in a local high school in East Jakarta,
Indonesia. Pretest and posttest data collection was
carried out using a creative thinking ability test
instrument which was compiled based on
environmental pollution material and consisted of 18
essay questions. The instrument consists of 4 indicators
of creative thinking which include fluency of thinking,
flexibility of thinking, originality and elaboration
(Munandar, 1999). Also employed in this investigation
were learning observational instruments that were used
to determine the degree to which learning was
implemented in both classes. The observation of the
implementation of learning (Riduwan, 2015)
demonstrated in Table 1.

Table 1. Learning Implementation Percentage Category

Value (%) Category
81-100 Very Good
61 -80 Good
41 -60 Enough
21 -40 Bad
0-20 Very Bad

A total of 29 students in the experimental class and
29 students in the control class who were selected by
simple random sampling method were the samples of
this study.

The experimental class was facilitated by the PBL-
STEAM model, and the control class was facilitated by
the PBL model alone. Data analysis involves calculating
the Normalized Gain Test to determine the increase in
student scores in both classes and the degree to which
the learning model is effective. The N-Gain value
category (Hake, 1999) is evident in Table 2.

Table 2. Category of N-Gain Values

Value Category
g >0.70 High
030 <g <0.70 Medium
g <0.30 Low

The prerequisite test involves the normality test
using the Kolmogorov-Smirnov test and the homogenity
test using the F test with a p value (a) of 0.05. To assess
the hypothesis via independent t-test analysis with a p
value (a) of 0.05 using SPSS version 26.
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Result and Discussion

The results of the students' creative thinking ability
tests at the pre-test and post-test in the experimental and
control classes are listed in Table 3.

Table 3. Value of Creative Thinking Ability in
Experimental and Control Classes.
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Table 5. Hypothesis test using independent t-test

. . Sig. (2
Result Normality ~Homogenity tailed) Note
Gain score 0.06>0.05 0.12>0.05 0.00 Sig.<0.05

Data Exp. Class Control Class

Pretest Posttest Pretest Posttest
Max. Score 37.50 70.83 51.38 54.16
Min. Score 80.55 93.05 81.94 90.27
Average 67.33 83.56 67.95 78.25
Std. 8.60 6.05 7.33 9.37
Sample 29

The results of the test indicated that the average
degree of students' creative thinking abilities in both
classes had increased. The increase in pretest and
posttest scores can be seen in Figure 1.
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Figure 1. The increase in pretest and posttest scores

Table 4 illustrates the results of the Normalized Gain
Test's calculations.

Table 4. Normalized Gain Test Results

Class Gainscore N-Gain Category
Experiment 16.23 0.50 Medium
Control 10.29 0.33 Medium

Based on the data in Table 4, the gain score and n
gain of the experimental class are greater than the
control class, this implies that the PBL-STEAM model is
more effective in increasing creative thinking skills than
the control class, which is only taught with the PBL
model. The outcomes of the calculations of the
hypothesis test using the independent t-test on the
gainscore of the experimental and control classes can be
observed in Table 5.

The outcomes of the hypothesis test indicate that
the PBL-STEAM model has an effect on students'
creative thinking abilities. This is evident in Table 5.
Where the significance value is (0.00) < a (0.05).

The observation of the implementation of learning
was also conducted in this research. Observations are
carried out by observers by referring to the Learning
Implementation Observation Sheet which is prepared
based on the syntax of the Lesson Plan. The results are
exhibited in Table 6.

Table 6. Percentage of Learning Implementation

. Average e
Subject Class Score (%) Description
Experiment 94.00 Very Good
Teacher Control 90.60 Very Good
Experiment 94.00 Very Good
Students Control 89.90 Very Good

The results of the hypothesis test indicate that the
PBL-STEAM model has an effect on students' creative
thinking abilities on subject of environmental pollution.
This concords with previous research that demonstrates
the PBL-STEAM model has an effect on creative thinking
abilities (Budiyono et al., 2020; Hehakaya et al., 2022).

The outcomes of the normalized gain test indicate
that the experimental class has a higher average than the
control class. This implies that the PBL-STEAM model in
the experimental class is more effective in enhancing
creative thinking abilities than the PBL model alone in
the control class. These results are in line with research
Hehakaya et al., (2022) that the PBL-STEAM model is
effective for increasing students' creative thinking skills.

In the experimental class, the increase in the value
of students' creative thinking skills is directly related to
the PBL model's syntax., which is complemented by the
STEAM approach. As stated by Blackley et al., (2018)
that students can become more creative and innovative
through learning that integrates the STEAM approach in
it, this is because students are involved in exploring real
challenges and problems. This is supported by El Sayary
et al., (2015) who believe that the PBL-STEAM approach
emphasizes critical thinking, creative thinking, and
innovation. Having a creative process in the PBL-
STEAM model can help increase student engagement
and creativity, and enable teachers to present learning
materials in new and innovative ways.

The enhancement of students' creative thinking
abilities in the experimental classroom via PBL-STEAM
can be deduced from the PBL model's syntax and every
component of the STEAM approach. The initial syntax
of PBL is the orientation of students to problems. At this
stage, questions and answers are carried out related to
environmental pollution problems to provoke students'
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curiosity and dig deeper into the issues to be discussed.
Through this stage the ability to think fluently which is
one aspect of students' ability to think creatively can be
trained because they are given the opportunity to
express the contents of their thoughts related to the
problem to be discussed (Elizabeth & Dan Sigahitong,
2018). In addition, at this stage students' creative
thinking skills can be developed through a process of
connecting the material with the real-life problems
discussed (Kartikasari & Widjajanti, 2017).

The second stage is organizing students to learn.
The ability of students to collaborate can be developed
at this stage through group problem solving activities
(Arends, 2012). The discussion process that occurs
between students and the teacher will make students
share the information needed to solve problems, so that
they can practice their flexibility in thinking, because at
this stage they will look for many alternative solutions
to problems with various approaches and different
ways. In line with Jumadi (2018) who suggested that
grouping students in this second stage could train
students' ability to think fluently and think flexibly.

The next stage is to assist independent and group
investigations. Students together with their groups
explore various sources to find information that is useful
in finding solutions to problems, such as the internet,
books, or also through relevant videos (Azrai & Ristanto,
2020). At this stage students have the responsibility to
elaborate information from various sources and choose
the best approach as a solution to solving existing
problems, as well as sparking new ideas based on
information that has been previously explored.
(Andersen & Rosio, 2021). So that the ability to elaborate
and think fluently can be trained in this third syntax.

The fourth stage is developing and presenting the
results. At this stage students present the results of their
discussions related to the issues discussed. Students
learn to ask questions, create or enrich arguments, and
also show many suggestions for doing something, so
that their ability to think fluently, think flexibly, and
elaborate them can be trained. In line with what was
stated by Alfi et al., (2016) that presentation activities at
this stage can develop students' creative thinking skills
through asking, answering, and responding to the
results of problem-solving discussions that have been
carried out.

The final stage in PBL syntax is analyzing and
evaluating problem solving activities. The teacher asks
students to reflect on their thoughts and activities during
the various stages of learning (Azrai & Ristanto, 2020).
At this stage, students' Originality abilities can be
trained because they learn to express their thoughts on
things they have done themselves. In addition, students
also learn to be aware of what things need to be known
to be able to solve environmental pollution problems
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and the methods used to formulate solutions to solve
these problems. (Hamdani et al., 2020).

In the PBL-STEAM model, the syntax used in PBL
is combined with 5 elements of the STEAM approach
which includes Science, Technology, Engineering, Arts,
and Mathematics (Barrett, 2017, Katz-Buonincontro,
2018). The Science element in the PBL-STEAM model is
found in almost all learning syntaxes. The science
process skills used in the PBL-STEAM model enable
students to hone their creative thinking skills through
the process of constructing thoughts, generating
questions, and finding solutions to a problem.

The technology element in the PBL-STEAM model
allows students to investigate problems creatively and
critically because currently most of the various
information is available on the internet. This is in
accordance with the opinion Nelson et al., (2011) that
students will easily understand information accessed
using the internet or various devices, besides that this
can also improve the quality of learning. According to
Kelley & Knowles (2016) the integration of technology as
content provides an opportunity for students to think
about the relationship between technology and the
issues discussed, thereby preparing students for
technology literacy. In addition, the use of technology as
content allows students to practice their flexibility of
thinking and original thinking through the process of
connecting the benefits of technology with solutions to
solve problems.

Meanwhile, the Engineering element is contained
in the syntax of Assisting Independent and Group
Investigations, as well as Developing and Presenting
Results. At this stage students are directed to design a
flow chart for solving environmental pollution
problems. The process of designing this flowchart is a
simple way to train students to use the Engineering
Design Process (EDP) which is a characteristic of STEAM
learning (Muttaqiin, 2023).

The Arts element in the STEAM approach can bring
together various aspects of STEM through creativity. In
line with opinion Yakman & Lee (2012) that science,
technology, engineering, and mathematics will be more
meaningful for students and make the learning process
more enjoyable with the elements of creativity contained
in art. In the PBL-STEAM model used in the
experimental class, the element of art is in the fourth
syntax, students are directed to present the results of
their discussions related to problem solving in the form
of infographic posters using the Canva editing software.

The last element in learning STEAM is
Mathematics. At this stage students are directed to
analyze and draw conclusions related to the
environmental pollution quality index threshold.
According to Taylor (2016) This process cannot be
separated from mathematical elements because this
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problem-solving method uses various mathematical
concepts, in the form of calculations, measurements, and
comparisons. The use of elements of mathematics also
allows students to practice the ability to think fluently
through the process of calculating and comparing
environmental pollution quality index thresholds.

As previously stated, can be observed that the PBL-
STEAM model has a positive effect on enhancing
students' creative thinking abilities. In addition, PBL-
STEAM integration can also be used as an alternative
way for teachers so that students can deal with the
difficulties of the 21st century, because the process is
related to 21st century abilities, namely creative thinking,
collaboration, communication, and critical thinking.
(Sari et al., 2022). As stated Suryanda et al., (2018) who
argued that the 21st century the learning process must
promote the capacity to think creative, critical, and have
a strong reputation, as well as the capacity to utilize ICT.

Despite the fact that the PBL-STEAM model is more
successful in increasing creative thinking abilities, the
increase in creative thinking abilities also occurs in the
control class using only the PBL model, as can be seen
from the results of the gain scores in both classes. This
increase is in agreement with research by Sihaloho et al.,
(2017) dan Wenno et al., (2021) that the PBL model has a
significant impact on students' creative thinking
abilities.

The process of implementing learning in teachers
and students was also analyzed in this study through
observation sheets. The outcomes of the analysis of the
implementation of this learning are important in
determining if the process of learning is properly or not
(Azrai & Ristanto, 2020). The results as can be seen in
Table 6 show that the percentage of learning
implementation is in the range of ninety percent or in the
very good category (Riduwan, 2015). This shows that
overall, the implementation of learning in both the
experimental and control classes have been carried out
properly according to the stages of each applied learning
model. This also shows that the data obtained in this
study are objective because the learning process that
takes place in both classes goes well and there is no
tendency for the teacher to maximize the
implementation of learning only in one particular class.
(Istiani et al., 2018).

Developing students' creative thinking abilities is
primarily a means of developing students' thinking
processes in order to find solutions to various problems
they have during the learning process and in their daily
lives. Through each stage of the PBL model and each
aspect of the STEAM approach, students have the
opportunity to strengthen their creative thinking skills.
The PBL-STEAM model places students in situations
that require them to find solutions to given problems
using methods that are appropriate to every aspect of
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STEAM learning. Consequently, students will be
familiar with the creative processes that occur during
learning so that their creative thinking skills can
increase.

Conclusion

The results of the study indicate that the PBL-
STEAM model of learning has an effect on students'
creative thinking abilities on environmental pollution
material. Students who learn using PBL and the STEAM
approach have learning activities that can empower
their creative thinking skills.

Acknowledgments

The author wishes to express gratitude to all parties involved
in schools and universities that participate in and support this
research.

Author Contributions

Ade Suryanda: Conceptualization, formal analysis,
supervision, methodology, and writing review. Mieke
Miarsyah: Validation, supervision, methodology, and writing
review. Aby Hanhan Ulil Abshor Kosasih: Writing original
draft, methodology, software, and editing.

Funding
This research was funded by the author, and no outside
funding was involved.

Conflicts of Interest
The authors deny there is any conflict of interest associated
with this research.

References

Ahmad, D. N., Astriani, M. M., Alfahnum, M., &
Setyowati, L. (2021). Increasing creative thinking of
students by learning organization with steam
education. Jurnal Pendidikan IPA Indonesia, 10(1),
103-110. https:/ /doi.org/10.15294/jpii.v10i1.27146

Alfi, C., Amirudin, A., & Sumarmi. (2016). Pengaruh
Pembelajaran Geografi Berbasis Masalah dengan
Blended Learning terhadap Kemampuan Berpikir
Kristis Siswa SMA. Jurnal Pendidikan: Teori,
Penelitian, Dan Pengembangan, 1(4), 597-602.
https:/ /doi.org/http:/ /dx.doi.org/10.17977 /jp.v1
i4.6203

Amrina, Z., Zuzano, F, & Wahyuni, Y. (2020).
Development of Problem-Based Mathematic
Learning Model to Improve Creative Thinking
Ability of Elementary Teacher Education Students,
Bung Hatta University. Journal of Physics: Conference
Series, 1554(1).  https://doi.org/10.1088/1742-
6596/1554/1/012068

Andersen, A. L., & Rosio, C. (2021). Continuing
Engineering Education (CEE) in Changeable and

188


https://doi.org/10.15294/jpii.v10i1.27146
https://doi.org/http:/dx.doi.org/10.17977/jp.v1i4.6203
https://doi.org/http:/dx.doi.org/10.17977/jp.v1i4.6203
https://doi.org/10.1088/1742-6596/1554/1/012068
https://doi.org/10.1088/1742-6596/1554/1/012068

Jurnal Penelitian Pendidikan IPA (JPPIPA)

Reconfigurable Manufacturing using Problem-
Based Learning (PBL). Procedia CIRP, 104, 1035-
1040. https:/ /doi.org/10.1016/j.procir.2021.11.174

Arends, R. (2012). Learning to Teach (9th ed.). McGraw-
Hill.

Azrai, E. P., & Ristanto, R. H. (2020). Problem-Based
Learning With Concept Map: Is It Effective To
Improve Metacognitive Skills? International Journal
of Advanced Science and Technology, 29(5), 11047-
11061.
https:/ /www .researchgate.net/ publication /34272
0426

Azrai, E. P., Sulistianingrum, G., & Ernawati, E. (2017).
Pengaruh Gaya Belajar David Kolb (Diverger,
Assimilator, Converger, Accommodator) Terhadap
Hasil Belajar Siswa Pada Materi Pencemaran
Lingkungan. Biosfer: Jurnal Pendidikan Biologi, 10(1),
9-16.
https:/ /doi.org/https:/ / doi.org/10.21009/ biosfer
jpb.10-1.2

Barrett, D. (2017). STEAM Framework Feasibility Study.
Los Angeles Universal Preschool.

Blackley, S., Rahmawati, Y., Fitriani, E., & Sheffield, R.
(2018). Using a makerspace approach to engage
Indonesian primary students with STEM On-Line
Inquiry View project Developing pre-service
teachers’ professional identity View project. Issues
in Educational Research, 28(1).
http:/ /www.iier.org.au/iier28/blackley-abs.html

Budiyono, A., Husna, H. & Wildani, A. (2020).
Pengaruh Penerapan Model PBL Terintegrasi
STEAM Terhadap Kemampuan Berpikir Kreatif
Ditinjau Dari Pemahaman Konsep Siswa.
EDUSAINS, 12(2), 166-176.
https:/ /doi.org/10.15408/ es.v12i2.13248

El Sayary, A. M. A, Forawi, S. A., & Mansour, N. (2015).
STEM Education and Problem-Based Learning. The
Routledge International Handbook of Research on
Teaching Thinking, 357-369.

Elizabeth, A., & Dan Sigahitong, M. (2018). Pengaruh
Model Problem Based Learning Terhadap
Kemampuan Berpikir Kreatif Peserta Didik SMA.
Prisma Sains: Jurnal Pengkajian Ilmu dan
Pembelajaran Matematika dan IPA IKIP Mataram.
Prisma ~ Sains:  Jurnal — Pengkajian  Ilmu  Dan
Pembelajaran Matematika Dan IPA IKIP Mataram,
6(2), 67-76.
http:/ / ojs.ikipmataram.ac.id/index.php/prismasa
ins/

Hake, R. (1999). Analyzing Change/Gain Scores.
American Educational Research Association’s
Division D, Measurement and Research
Methodology. Retrieved from
https:/ /web.physics.indiana.edu/sdi/ AnalyzingC
hange-Gain.pdf

December 2023, Volume 9 Special Issue, 184-190

Hamdani, M., Prayitno, B. A., & Karyanto, P. (2020).
Demonstration and experiment on archaebacteria
and eubacteria: effectiveness for cognitive learning
outcomes (CLO) based on critical thinking skill.
Biosfer, 13(1), 75-85.
https:/ /doi.org/10.21009/ biosferjpb.v13n1.75-85

Hehakaya, W., Matdoan, M. N., & Rumahlatu, D. (2022).
Integrating STEAM with PjBL and PBL on biology
education: Improving students’ cognitive learning
results, creative thinking, and digital literacy.
Biosfer, 15(1), 76-84.
https:/ /doi.org/10.21009/ biosferjpb.24468

Iskandar, 1., Sastradika, D., Jumadi, Pujianto, &
Defrianti, D. (2020). Development of creative
thinking skills through STEM-based instruction in
senior high school student. Journal of Physics:

Conference Series, 1567(4).
https:/ /doi.org/10.1088 /1742-
6596/1567/4/042043

Istiani, R., Azrai, E. P., & Rustam, Y. (2018). Effect of
Application of Team Assisted Individualization of
Biology Learning Model Of Student Interest in the
Pteridophyta Material at SMAN 39 Jakarta. Biosfer:

Jurnal Pendidikan Biologi, 7(1), 37-42.
https:/ /doi.org/https:/ /doi.org/10.21009/ biosfer
jpb.7-1.6

Jumadi, O. (2018). Penerapan Model Problem Based
Learning (PBL) dalam Meningkatkan Kemampuan
Berpikir Kreatif dan Hasil Belajar Siswa. Prosiding
Seminar Nasional Biologi Dan Pembelajarannya, 257-
262.

Kartikasari, A. & Widjajanti, D. B. (2017). The
Effectiveness of Problem-Based Learning Approach
Based on Multiple Intelligences in Terms of
Student’s Achievement, Mathematical Connection
Ability, and Self-Esteem. Journal of Physics:
Conference Series, 812(1).
https:/ /doi.org/10.1088/1742-6596,/812/1 /012097

Katz-Buonincontro, ]. (2018). Gathering STE(A)M:

Policy, curricular, and programmatic
developments in arts-based science, technology,
engineering, and  mathematics  education

Introduction to the special issue of Arts Education
Policy Review: STEAM Focus. Arts Education Policy
Review, 119(2), 73-76.
https:/ /doi.org/10.1080/10632913.2017.1407979
Kelley, T. R., & Knowles, J. G. (2016). A conceptual
framework for integrated STEM education. In
International Journal of STEM Education (Vol. 3, Issue
1). Springer. https://doi.org/10.1186/s40594-016-
0046-z
Kusumawati, G., Lestari, S. R., & Saptasari, M. (2021).
Implementation of e-modules endocrine system
based of problem based learning to improve
students’ creative thinking skills and cognitive
189


https://www.researchgate.net/publication/342720426
https://www.researchgate.net/publication/342720426
https://doi.org/https:/doi.org/10.21009/biosferjpb.10-1.2
https://doi.org/https:/doi.org/10.21009/biosferjpb.10-1.2
http://www.iier.org.au/iier28/blackley-abs.html
https://doi.org/10.15408/es.v12i2.13248
http://ojs.ikipmataram.ac.id/index.php/prismasains/
http://ojs.ikipmataram.ac.id/index.php/prismasains/
https://web.physics.indiana.edu/sdi/AnalyzingChange-Gain.pdf
https://web.physics.indiana.edu/sdi/AnalyzingChange-Gain.pdf
https://doi.org/10.21009/biosferjpb.v13n1.75-85
https://doi.org/10.21009/biosferjpb.24468
https://doi.org/10.1088/1742-6596/1567/4/042043
https://doi.org/10.1088/1742-6596/1567/4/042043
https://doi.org/https:/doi.org/10.21009/biosferjpb.7-1.6
https://doi.org/https:/doi.org/10.21009/biosferjpb.7-1.6
https://doi.org/10.1088/1742-6596/812/1/012097
https://doi.org/10.1080/10632913.2017.1407979
https://doi.org/10.1186/s40594-016-0046-z
https://doi.org/10.1186/s40594-016-0046-z

Jurnal Penelitian Pendidikan IPA (JPPIPA)

learning outcomes. AIP Conference Proceedings, 2330.
https:/ /doi.org/10.1063/5.0043314

Munandar, U. (1999). Mengembangkan Bakat dan
Kreativitas Anak Sekolah. Jakarta: Gramedia

Muttaqgiin, A. (2023). Pendekatan STEM (Science,
Technology, Engineering, Mathematics) pada
Pembelajaran IPA Untuk Melatih Keterampilan
Abad 21. JURNAL PENDIDIKAN MIPA, 13(1), 34-
45. https:/ /doi.org/10.37630/jpm.v13i1.819

Nelson, K., Courier, M., Joseph, G. W., & Sykes, J. H.
(2011). An Investigation of Digital Literacy Needs
of Students. Journal of Information Systems Education,
22(2), 95-106.

Nurhamidah, D., Masykuri, M., & Dwiastuti, S. (2018).
Profile of senior high school students’ creative
thinking skills on biology material in low, medium,
and high academic perspective. Journal of Physics:

Conference Series, 1006(1).
https:/ /doi.org/10.1088/1742-
6596/1006/1/012035

Putri, N. R., Miarsyah, M., & Vivanti, D. (2018).
Hubungan kecerdasan naturalis dan motivasi
belajar dengan kemampuan berpikir kritis peserta
didik pada materi pencemaran lingkungan. Florea :
Jurnal Biologi Dan Pembelajarannya, 5(2), 100.
https:/ /doi.org/10.25273 / florea.v5i2.3124

Riduwan. (2015). Dasar-Dasar Statistika. Bandung:
Alfabeta.

Sari, S. N., Nurdianti, D., & Maulana, B. S. (2022). Telaah
Pengintegrasian STEAM pada Model Problem
Based Learning Terhadap Adversity Quotient
Siswa dalam Pembelajaran Matematika. PRISMA,
Prosiding Seminar Nasional Matematika, 5, 598-605.
https:/ /journal.unnes.ac.id/sju/index.php/ prism
a/

Septiana, K. G., & Ikhsan, J. (2017). Pengaruh Penerapan
Multiple Intelligences dengan Model PBL
Terhadap Pemahaman Konsep dan Kemampuan
Berpikir Kreatif. Jurnal Edukasi Matematika Dan
Sains, 5(1), 43-52. http://e-
journal.unipma.ac.id/index.php/JEMS

Sigit, D. V., Heryanti, E., Ayu, D., Pangestika, W., &
Ichsan, 1. Z. (2019). Pembelajaran Lingkungan bagi
Siswa: Hubungan Kemampuan Berpikir Kreatif
dengan Kemampuan Pemecahan Masalah. Jurnal
Pendidikan: Teori, Penelitian, Dan Pengembangan, 4(1),
6-12.
https:/ /doi.org/http:/ /dx.doi.org/10.17977 /jptp
p.v4il.11838

Sihaloho, R. R., Sahyar, S., & Ginting, E. M. (2017). The
Effect of Problem Based Learning (PBL) Model
toward Student’s Creative Thinking and Problem
Solving Ability in Senior High School. IOSR Journal
of Research & Method in Education (IOSRJRME),

December 2023, Volume 9 Special Issue, 184-190

07(04), 11-18.
0704011118
Sumarni, W., & Kadarwati, S. (2020). Ethno-stem project-
based learning: Its impact to critical and creative
thinking skills. Jurnal Pendidikan IPA Indonesia, 9(1),

11-21. https:/ /doi.org/10.15294/jpii.v9il.21754

Suryanda, A., Ernawati, E.,, & Maulana, A. (2018).
Pengembangan Modul Multimedia Mobile
Learning Dengan Android Studio 4.1 Materi
Keanekaragaman Hayati bagi Siswa SMA Kelas X.
Biosfer: Jurnal Pendidikan Biologi, 9(1), 55-64.
https:/ /doi.org/https:/ /doi.org/10.21009/ biosfer
jpb.9-1.9

Taylor, P. C. (2016). Why is a STEAM curriculum
perspective crucial to the 21st century? 14th Annual
Conference of the Australian Council for Educational
Research.
https:/ /researchrepository.murdoch.edu.au/id/e
print/37950/

Uret, A, & Ceylan, R. (2021). Exploring the effectiveness
of STEM education on the creativity of 5-year-old
kindergarten children. European Early Childhood
Education  Research  Journal, 29(6), 842-855.
https:/ /doi.org/10.1080/1350293X.2021.1913204

Wenno, . H., Jamaludin, J., & Batlolona*, J. R. (2021). The
Effect of Problem Based Learning Model on
Creative and Critical Thinking Skills in Static Fluid
Topics. Jurnal Pendidikan Sains Indonesia, 9(3), 498-
511. https:/ / doi.org/10.24815/jpsi.v9i3.20829

Yakman, G., & Lee, H. (2012). Exploring the Exemplary
STEAM Education in the U.S. as a Practical
Educational Framework for Korea. Journal of The
Korean Association For Science Education, 32(6), 1072-
1086.
https:/ /doi.org/https:/ /doi.org/10.14697 /jkase.2
012.32.6.1072

Zohar, A. & Cohen, A. (2016). Large scale
implementation of higher order thinking (HOT) in
civic education: The interplay of policy, politics,
pedagogical leadership and detailed pedagogical
planning. Thinking Skills and Creativity, 21, 85-96.
https:/ /doi.org/10.1016/].tsc.2016.05.003

Zubaidah, S. (2019). STEAM (Science, Technology,
Engineering, Arts, and Mathematics): Pembelajaran
untuk Memberdayakan Keterampilan Abad ke-21.
Seminar Nasional Matematika Dan Sains, 1-18.
https:/ /www .researchgate.net/publication/33606
5211

https:/ /doi.org/10.9790/7388-

190


https://doi.org/10.1063/5.0043314
https://doi.org/10.37630/jpm.v13i1.819
https://doi.org/10.1088/1742-6596/1006/1/012035
https://doi.org/10.1088/1742-6596/1006/1/012035
https://doi.org/10.25273/florea.v5i2.3124
https://journal.unnes.ac.id/sju/index.php/prisma/
https://journal.unnes.ac.id/sju/index.php/prisma/
http://e-journal.unipma.ac.id/index.php/JEMS
http://e-journal.unipma.ac.id/index.php/JEMS
https://doi.org/http:/dx.doi.org/10.17977/jptpp.v4i1.11838
https://doi.org/http:/dx.doi.org/10.17977/jptpp.v4i1.11838
https://doi.org/10.9790/7388-0704011118
https://doi.org/10.9790/7388-0704011118
https://doi.org/10.15294/jpii.v9i1.21754
https://doi.org/https:/doi.org/10.21009/biosferjpb.9-1.9
https://doi.org/https:/doi.org/10.21009/biosferjpb.9-1.9
https://researchrepository.murdoch.edu.au/id/eprint/37950/
https://researchrepository.murdoch.edu.au/id/eprint/37950/
https://doi.org/10.1080/1350293X.2021.1913204
https://doi.org/10.24815/jpsi.v9i3.20829
https://doi.org/https:/doi.org/10.14697/jkase.2012.32.6.1072
https://doi.org/https:/doi.org/10.14697/jkase.2012.32.6.1072
https://doi.org/10.1016/j.tsc.2016.05.003
https://www.researchgate.net/publication/336065211
https://www.researchgate.net/publication/336065211

