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Abstract: The problem of chemistry learning that often occurs is the discussion of macroscopic,
submacroscopic, and symbolic materials, which is considered difficult by students. Therefore, collaboration skills
are needed to make it easier for students to understand chemistry materials. The current learning model is mostly
designed to encourage students' collaboration skills. The solution to this problem is to design a learning model that
encourages student collaboration, namely, the REAKSI learning model based on the STEM approach. REAKSI
represents Research Formulation (R), exploration (E), analysis (A), classification (K), synthesis (S), and
implementation (I). This study aimed to implement a new learning model called the REAKSI learning model to
improve students' collaboration skills. The novelty of this research is a new learning model that can be used as an
innovation in 21st century learning, which is quantitative research using the lesson study method. The samples used
were chemistry education students at the University of Riau, Sultan Syarif Kasim State Islamic University, and Riau
Islamic University, who were selected using purposive sampling. Data were collected through observations using a
Likert-scale questionnaire. Data analysis: The REAKSI learning model based on the STEM approach is more
effective in developing collaboration skills from 77% to 90% with a high category. This effectiveness is obtained
because the REAKSI learning model includes steps that direct students to engage in collaborative learning
activities.
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1. Introduction

Human resources in the 21st century are required to
master various skills, one of which is innovation [1].
Hadinugrahaningsih et al. (2017) stated that there are
three categories of 21st century skills, namely learning
and innovation skills, which include communication
and collaboration skills, problem-solving and critical
thinking, and creativity and innovation [2]. Educators
play a very important role in preparing for learning to
develop these 21st century skills. In the learning
process, teachers are expected to develop 21st century
competencies, one of which is collaboration skills [3].

Students often consider chemistry learning difficult.
This is because chemical materials are macroscopic,
submacroscopic, and symbolic [4]. Therefore, students
must actively learn to facilitate their understanding of
the material. The chemistry learning process that has
occurred in several schools tends to ignore student
activities in class and emphasizes the knowledge aspect
only. Educational activities that should integrate
cognitive, affective, and psychomotor dimensions have
been ignored, and some of our educational practices in
schools emphasize cognitive training aspects alone.
Therefore, teachers must create a learning atmosphere

in such a way that students work together in a positive
learning environment.

Learning efforts that direct students to be active
should be able to direct students so that they have
harmony with fellow students, respect each other's
opinions, respect the person speaking, responsibility,
willingness to  sacrifice, accommodation, and
magnanimous. The methods considered capable of
moving the learning process involve collaboration.
However, in several universities and schools, students'
collaboration skills in chemistry are often ignored.
Hesse et al. (2015) defined collaboration as a goal-
oriented, mutually beneficial process used to solve
problems, leverage strengths, resolve differences, and
educate individuals involved through shared
responsibility for outcomes [5]. Collaboration involves
students working together to achieve their specific
learning goals [6].

Efforts to solve these problems involve
implementing learning that can improve students'
communication skills. One of the learning patterns that
can be used is the application of the REAKSI learning
model based on the STEM (Science, Technology,
Engineering, and Mathematics) approach. The
REAKSI learning model is an acronym for the
Research Formulation of Themes, Exploration,
Analysis, Clarification, Synthesis and Implementation.

The REAKSI learning model is a new model that
was developed based on the components of the STEM
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approach. The components of the STEM approach
include accustoming students to identifying questions
and problems in life, investigating natural phenomena,
explaining natural phenomena, designing and drawing
conclusions based on evidence regarding the issues
obtained [7].

The results of Mu'minah & Aripin (2019) show that
the application of STEM-based learning can improve
21st century skills, especially collaboration skills [8].
Therefore, researchers are interested in raising the title
Application of the REAKSI learning model to improve
the collaboration skills of chemistry education students.

2. Literature Review
2.1. Collaboration Skill

Hesse et al. (2015) define collaboration as a goal-
oriented and mutually beneficial process that is used to
solve problems, increase strengths, overcome
differences, and educate individuals involved through
shared responsibility for the outcomes of the
collaborative process [9]. Collaboration involves
students working together to achieve their specific
learning goals [6]. Cheruvelil et al. (2014) stated that
collaboration is a specific type of social interaction and
learning process in which group members can actively
and constructively solve problems [10].

According to Pheeraphan (2013), collaboration is an
interaction between students who work together to
solve a problem with the responsibility of each group
member to communicate or compromise in the group to
solve the problem as a common interest of the group
[11]. Lelasari et al. (2017) state that collaboration is a
process of working together, coordinating, and
containing elements of positive dependence in a group
that leads to a common goal to be achieved [12]. Junita
& Wardani (2020) stated that collaboration skills are
one of the skills that invite students to actively
contribute to working together and interacting during
learning so that learning will be easier to understand
[13]. Collaboration skills can be applied in learning,
which invites students to be active and communicative
in working together and making compromises (Hinyard
etal., 2018).

According to Indraswati et al. (2020), interpersonal
skills are the most important basic skills, especially for
collaborating with friends and family in social
relationships [14]. According to Najib (2011), some
indicators of collaboration are respecting others’
opinions, providing support, sharing opinions,
deliberating, prioritizing common interests, being
democratic, liking mutual cooperation, and working
together in groups [14].

2.2. REAKSI Learning Models

The REAKSI learning model is designed with
reference to several learning theories such as Ausubel,
Wagotsky, Brunner, Piaget and andragogy. The basic
theory for developing the REAKSI learning model was
obtained. The REAKSI learning model developed was
based on the components of the STEM approach. The
components of the STEM approach allow students to
identify questions and problems in life, investigate
natural phenomena, explain natural phenomena and
design, and draw conclusions based on evidence
regarding the issues obtained [7]. Integration of
learning using the STEM approach begins with
identifying real problems that occur in the environment
using high-level thinking and problem-solving skills so
that conclusions can be drawn in an effort to solve the
problem [14]. The components of the STEM approach
match the real world and can create active and cohesive
learning so that students can unite abstract concepts
from each aspect to solve problems [15].

All the components and characteristics of the STEM
approach are packaged in the formula, explore,
analyze, classify, synthesize, and implement (REAKSI)
learning model. The characteristics of the REAKSI
learning model include syntactic and social systems,
reaction principles, support systems, instructional
impacts, and accompanying impacts [16]. The syntactic
REAKSI learning model includes the following.

1. Research Formulate: Students formulate the
problems found in a phenomenon.

2. Exploration: deepening and expanding students'
understanding and conceptual skills.
Through new experiences, students
develop deeper knowledge and
explore more information.

3. Analyze: Students analyze the causes and effects of

a phenomenon.

Students clarify problems in a

phenomenon or case.

5. Synthesis: Students designed several solutions that
can be used as alternative solutions
to this phenomenon.

6. Implementation: Students apply the design that has
been made to deal with the problem
and draw conclusions from the
results.

4. Clarification:

3. Research Methodology

The research method used was lesson study to
improve learning [19]. Lesson study has three main
stages in this research, namely plan do and see/
reflection [20]. For more details, please refer to Fig. 1.
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Figure 1. Research Design Using Lesson Study

In the planning stage, problems in the class are
identified, and learning plans are made. At the
implementation stage, one teacher acts as the
implementer of the learning design, and the other
teacher acts as an observer. Furthermore, at this
reflection stage, the teacher and observer held
discussions related to learning to redesign better
learning and re-implement it in the class in the next
round [21]. The population in this study was chemistry
education students in the Riau Province. Sixty-one
students participated in the study was 61 students. It
consisted of 37 chemistry education students from Riau
University with hydrocarbon material, 20 students from
Sultan Syarif Kasim State Islamic University of Riau
with paper chromatography material, and four students
from Riau Islamic University with complex compound
material. The researcher determined the class of the
research samples using purposive sampling.

Data collection techniques were carried out
using the results of critical thinking skills tests and
observations of students' collaboration  skills.
Collaboration indicators include respecting others’
opinions, providing support to friends, prioritizing
common interests, sharing with others, and getting used
to discussing problems [15]. After the data were
collected, quantitative descriptive data analysis was
carried out, namely, describing the data based on facts
and circumstances. The final analysis converts the 21st
century skills data with the effectiveness guideline
table in Table 1.

Table 1. Effectiveness Guidelines for the
REAKSI Learning Model [22]

4. Result And Discussion

The research stage begins with the planning stage.
The plan stage aims to prepare for learning using the
REAKSI learning model. Activities carried out at the
planning stage included preparing REAKSI learning
model devices, aligning perceptions with team
teaching, and preparing supporting facilities to improve
students' collaboration skills.

In the do stage, namely, the implementation of
research to determine the effectiveness of the REAKSI
learning model on the communication skills of
chemistry education students. Communication skills
data were obtained by filling out observation sheets.
Data from the learning observation results were
obtained at each meeting using the REAKSI learning
model based on the STEM approach. The results of the
observations of students’ communication skills from
each sample are shown in Table 2.

Table 2. Percentage Collaboration Skills cycle 1

No Collaboration indicators Percentage
Sample Sample Sample
1 2 3
1 Re_sp_ect other  people's 82% 80% 80%
opinions
2 Giving support to friends 7% 80% 76%
3 Prioritize common interests 80% 78% 75%
and share with others
4 Get used to discussing to

76% 80% 75%
solve problems

% 21st Century Skills Test Effectiveness

Results for Students (p)

0<p<4l Very Low
41<p<56 Low
56 <p<66 Medium
66 <p<80 High
80 <p <100 Very High

Table 2 shows that the percentage of
collaborative skills of chemistry education students was
quite good, with an overall percentage of 77%.

This is because the REAKSI learning model
has stages of theme formulation and exploration that
direct students to discuss, exchange ideas, and
collaborate to explore problems. At this formulation
stage, the initial step in learning is to determine the
topic of the problem to be solved in groups. At this
stage, the lecturer determines the theme and learning
material to be discussed. For example, in basic
chemistry 1 lectures, the lecturer determines that the
theme and lecture material are hydrocarbons. Students
in small groups will then determine topics related to
hydrocarbons. For example, students may choose the
topic of air pollution. In addition, this activity
encourages students to think critically about problems.

The results of the theme-formulation stage are
presented in Table 3.

Table 3. Formulation of learning themes

Sample Results of the Theme Formulation stage
Sample 1 Characteristic of Carbon Compounds
Sample 2 RF Chromatography

Sample 3 Types of Complex Compounds
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The initial stage of the STEM-based REAKSI
learning model is to formulate and train students to
collaborate in defining the problems they find. These
results are in line with the findings of Supeno et al.
(2016) that students who are cognitively involved in
defining a problem can be actively involved in the next
learning process [23].

In the Exploration stage of the STEM-based

carried out in Cycle 2 to see changes compared to
Cycle 1.

The results of the observations of student
collaboration skills in Cycle 2 are shown in Table 5.

Table 5. Percentage Data on Collaboration Skills

REAKSI learning model, students have the opportunity
to be directly involved with the phenomena or
problems that occur around them. They could work

together and communicate in groups to test the
predictions of their questions. Students can also
observe and explore ideas through literature review
activities. Students were asked to draw conclusions
based on their discussions in their own language. An

in cycle 2
No Collaboration indicators Percentage
Sample Sample Sample
1 2 3
1 Re_sp_ect other people's 95% 88% 86%
opinions
2 Giving support to friends 90% 90% 83%
3 Prioritize common interests 0 0 0
and share with others 94% 85% 82%
4 Get used to discussing to solve 95% 85% 84%

problems

example of the exploration carried out by students is ta
explore the characteristics of carbon compounds,
namely primary, secondary, tertiary, and quaternary
carbon atoms. The exploration stage in the syntax in
the REAKSI learning model trains students to explore
problems using various relevant sources. This is
relevant to Barthelemy et al. ’s (2015) finding that
learning is basically an effort by educators to help
students carry out learning activities to explore
knowledge [24].

After cycle 1 stage was completed, the see
stage was performed. This stage aimed to reflect on the
learning process using the STEM-based REAKSI
learning model. From this reflection stage, suggestions
and improvements were obtained for implementation in
the next cycle. The suggestions obtained in Cycle 1 are
listed in Table 4.

Table 4. Results of cycle 1 reflection.
Component
Lecturer involvement is still quite dominant
There are still many students who are less involved in
collaboration
Some students are dominant in collaborating

Cycle 2 begins with the planning stage.
Preparation for learning cycle 2 was carried out to
obtain better results than cycle 1. Plan activities to
design learning that can teach students and is student-
centered. Preparing students to actively participate in
the learning process so that learning objectives can
improve their collaboration skills.

At the do stage of cycle 2, the implementation
of learning was better than that of cycle 1. The
effectiveness of the REAKSI learning model on the
collaboration skills of chemistry education students has
begun to be observed. This is because there was an
improvement in the learning process based on the
results of the reflection at the end of cycle 1.
Observations of student collaboration skills were also

The improvement in collaboration skills in
cycle 2 occurred because learning through discussion in
the Exploration, Analysis, Clarification and Synthesis
stages of the REAKSI model can improve students'
collaboration skills. This is because in the REAKSI
learning model integrated with STEM, students
exchange opinions to find a suitable solution to the
given problems. These results are relevant to Chalim et
al. (2019), who showed that the implementation of
STEM-based learning provides opportunities for
students to explore knowledge in group activities, thus
allowing them to exchange ideas and help each other in
solving the problems given [25]. These results are
relevant to the research results of Mu’minah & Aripin
(2019), which show that the implementation of STEM-
based learning can improve 21st century skills,
especially collaboration skills [8].

The results obtained are relevant to Lestari et
al. ’s (2018) finding that the use of STEM-based
learning can improve students' communication,
collaboration, critical thinking, and creativity skills and
abilities [26]. In addition, the use of STEM-based
teaching materials has an important influence on
improving students’ ability to master concepts,
collaboration, and science literacy skills [27]. This can
be an alternative for teachers implementing classroom
learning to improve students' creativity, critical
thinking, communication, and collaboration. As in
Sayekti and Suparman (2020), it was proven that
STEM-based LKPD can improve critical thinking and
collaboration skills [28].

STEM learning has several stages in its
implementation: observation, new ideas, innovation,
creativity, and society [29]. The stages of STEM
learning were combined into the stages of the REAKSI
learning model. Through this REAKSI learning model,
learning can run more effectively because it is carried
out with group activities, such as discussions, product
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synthesis, and presentations or implementation of
results. At the Formulation, Exploration and Analysis
stages, the REAKSI learning model is implemented by
giving students problems and demanding them to be
able to collaborate and communicate in solving
problems through group discussion activities. The
Clarification and Synthesis stages were carried out by
preparing the results of the group discussions through
product synthesis. The results of the discussion were
presented in groups in front of the class. This allows
students to work collaboratively, be involved in
problem solving, design products, and carry out
implementation and reflection. This can help develop
collaboration and communication skills.

The REAKSI learning model provides stimuli
to students through the presentation of everyday life
problems. This can direct students to collaborate to
solve them. This result is in line with previous research
showing that the application of problem-based learning
models can improve students' collaboration skills
through group discussions, allowing them to be
actively involved in learning activities and solving
problems together.

Based on Aini and Aini (2023), STEM learning can
be used to analyze students' communication skills as
very good, with an average of 81.55% [30]. This is
because students make presentations based on the
results of the group discussions. Each group was asked
to present a project synthesis at the synthesis stage of
the REAKSI learning model. Other groups also ensure
understanding of the concepts presented by other
groups and must be clear and vocal when
communicating the results of the presentation. The
research results obtained are also relevant to expert
opinion that the application of STEM-based learning is
better in helping students develop 21st century skills
such as communication and collaboration [31]. Based
on this, it can be seen that STEM learning can improve
students' communication and collaboration skills.

Learning through discussion in the Exploration,
Analysis, Clarification and Synthesis stages of the
REAKSI model can improve students' collaboration
skills. This is because in the REAKSI learning model
integrated with STEM, students exchange opinions to
find a suitable solution to the given problems.

These results are relevant to Chalim et al. (2019),
who showed that the implementation of STEM-based
learning provides opportunities for students to explore
knowledge in group activities, thus allowing them to
exchange ideas and help each other in solving the
problems given [25]. The development of collaboration
skills with a well-organized group learning system
supported by STEM-based learning can be more
effective in developing collaboration skills, especially
in responsible indicators [32].

5. Conclusion
Findings

Based on the results of the research conducted, it
was found that the REAKSI learning model could
improve the collaboration skills of chemistry education
students. The results of the improvement were obtained
because the STEM learning stages were combined with
the stages of the REAKSI learning model. The stages
of Theme Formulation and Exploration in the REAKSI
learning model make a major contribution to students'
collaboration skills because they encourage in-depth
discussions of problems. The increase in collaboration
skills in this study was 77% in cycle 1 and 90% in
cycle 2. The REAKSI model can be used as an
alternative to improve students' 21st century skills. This
research is an innovation in the preparation of human
resources in the 21st century learning era. This research
is also relevant to other studies, such as Cedere et al. in
2022, which states that learning using an STEM-based
learning model improves students' collaboration skills.

Research Limitations

This study is a test of the effectiveness of a newly
developed learning model, namely the REAKSI
learning model, but it is limited to students'
collaboration skills.

Recommendations For Future Research

Therefore, it is recommended that research be
conducted with wider variables so that an effective
STEM-based REAKSI learning model can be obtained.

Declarations

Author Contributions
The following statements should be used:

Conceptualization: I. I. and M. E. .; methodology,
I.I, E.S, Z.Z; validation, I.I, M.E, E.S, Z.Z.; formal
analysis, I.I, M.E, E.S, Z.Z.; investigation, I,1.;

resources, I,l.; data curation, I.I, M.E, E.S, Z.Z;
writing—original draft preparation, I.I, M.E, E.S, Z.Z;
writing—review and editing, LI, M.E, E.S, Z.Z
visualization, 1.1, M.E, E.S, Z.Z; supervision, I.I, M.E,
E.S, Z.Z; project administration, I.I, M.E, E.S, Z.Z,
funding acquisition, LI, M.E, E.S, Z.Z. All authors
have read and agreed to the published version of the
manuscript.

Data Availability Statement
The data presented in this study are available upon
request from the corresponding authors.

Page | 192



Journal of Hunan University (Natural Sciences)

Vol. 52 No. 1, January 2025

Funding

This research was a doctoral research grant received
from the Indonesian Ministry of Education and Culture
in 2024.

Acknowledgements

Gratitude was expressed by the Ministry of
Education and Culture to provide research funds.
Furthermore, gratitude is also expressed to the research
partner, namely the Universitas Riau, Universitas
Isalam Negeri Sultan Syarif Kasim Riau, Universitas
Islam Riau.

References

[1] Mardhiyah RH, Aldriani SNF, Chitta F, Zulfikar MR.
The Importance of Learning Skills in the 21st Century as a
Demand in Human Resource Development. Lectura : Jurnal
Pendidikan. 2021;12(1):29-40.
DOI: https://doi.org/10.31849/lectura.v12i1.5813

[2] Hadinugrahaningsih T, Rahmawati Y, Ridwan A.
Developing 21st century skills in chemistry classrooms:
Opportunities and challenges of STEAM integration. In: AIP
Conference Proceedings. 2017.
https://doi.org/10.1063/1.4995107

[3] Bialik M, Bogan M, Fadel C, Horvathova M. Character
Education for the 21st Century: What Should Students
Learn? Boston, Massachusetts: Center for Curriculum
Redesign, 2015.
https://doi.org/10.1080/09500690903386435

[4] Talanquer V. Macro, submicro, and symbolic: the many
faces of the chemistry “triplet.” International Journal of
Science and Education. 2011;33(2):179-95.
https://doi.org/10.1080/09500690903386435

[5] Hesse F, Care E, Buder J, Sassenberg K, Griffin P.
Framework for Teachable Collaborative Problem-Solving
Skills. Assessment and Teaching of 21st Century SkKills.
Dordrecht: Springer; 2015. 37-56 p. A Framework for
Teachable Collaborative Problem Solving  Skills |
SpringerLink

[6] Van Laar E, Van Deursen AJ, Van Dijk JA, De Haan J.
Relationship between 21st-century skills and digital skills: A
systematic literature review. Computers in Human Behavior.
2017;(72):577-88. https://doi.org/10.1016/j.chb.2017.03.010
[7] Bybee R. The case of STEM education: Challenges and
opportunities. National Science Teachers’ Association
(NSTA) Press, 2013.

[8] Mu’minah IH, Aripin I. The implementation of science-
based STEM and ICT learning for improving 21st century
skills.  Jurnal  Sainsmat [Internet]. 2019;8(2):28-35.
Available from: http://ojs.unm.ac.id/index.php/sainsmat.

[9] Hesse F, Care E, Buder J, Sassenberg K, Griffin P.
Framework for teachable collaborative problem-solving
skills. Assessment and teaching of 21st century skills.
Netherlands: Springer, 2015. 37-56 p.

[10] Cheruvelil K., Soranno P., Weathers K., Hanson P,
Goring S., C.T F, et al. Creating and maintaining high-
performance collaborative research teams: The importance

of diversity and interpersonal skills. Front Ecology and
environment. 2014;12(1):31-8.

[11] Pheeraphan N. Enhancement of 21st century skills for
higher education by integration of ict in classroom. In:
Procedia - Social and Behavioral Sciences. 2013. p. 65-373.
[12] Lelasari M, Setyosari P, Ulfa S. Utilization of social
learning networks to support students' collaboration skills.
In: Prosiding TEP & PDs Transformasi Pendidikan Abad 21.
2017. p. 167-172.

[13] Junita J, Wardani KW. Effectiveness of STAD and
CIRC Learning Models in Improving Collaborative Skills of
Grade V Students of SD Gugus Joko Tingkir in Thematic
Subjects. JPDI (Jurnal Pendidikan Dasar Indonesia).
2020;5(1):11-17.

[14] Indraswati D, Marhayani DA, Sutisna D, Widodo A.
Critical Thinking and Problem Solving in Social Studies
Learning to Answer Challenges. Sosial Horizon.
2020;7(1):12-28. DOI:
https://doi.org/10.31571/sosial.v7i1.1540

[15] Najib S. Practical Guide to Developing National
Character and Culture: Synergy between School and Home.
Surabaya: Jaring Pena, 2011.

[16] Sumartati L. Science, Technology, Engineering, and
Mathematics Approach in Chemistry Learning 4. 0. Journal
of Education, Administration, Training, and Religion.
2020;1(1):1-8.

[17] Torlakson T. Innovate: A Blueprint for Science,
Technology, Engineering, and Mathematics in California
Public Education. California: State Superintendent of Public
Instruction. 2014.

[18] Joyce, B., & Weil, M. Models of Teaching Fifth
Edition. New Delhi: Prentice Hall of India, 2015. 478 p.

[19] Paizaluddin P, Ermalinda E. Classroom action research:
a theoretical and practical guide. Bandung: Alfabeta; 2016.
[20] Rerung N, Sinon IL and Widyaningsih SW. Application
of problem-based learning (PBL) models to improve high
school students’ learning outcomes for work and energy
materials. Jurnal llmiah Pendidikan Fisika Al-Biruni.
2017;6(1):47-55.

[21] Subadi T. Lesson studied berbasis penelitian tindakan
kelas (PTK). Surakarta: Badan Penerbit FKIP UMS; 2010.
[22] Widoyoko EP. Techniques for preparing research
instruments Yogyakarta: Pustaka Pelajar; 2012.

[23] Supeno, Nur M, Susantini E. Argumentation problem
solving (PMA) learning model to improve cognitive product
learning outcomes, cognitive process, and scientific
argumentation skills of vocational school students. PPS
Unesa; 2016.

[24] Barthelemy SR, Van Dusen VB, Henderson C. Physics
education research research subfield of physics with gender
parity. In: Physical Review Special Topics - Physics
Education Research. 2015. p. 11, 020107.

[25] Chalim MN, Mariani S, Wijayanti K. Mathematical
communication ability of vocational high school students
reviewed from self-efficacy in integrated STEM project-
based learning settings. In: PRISMA, Prosiding Seminar
Nasional Matematika 2. 2019. p. 540-50.

[26] H L, I. R. Integrated STEM through project-based
learning and guided inquiry on scientific literacy abilities in
terms of self-efficacy levels. Al Ibtida. 2020;7(1):19-32.
Integrated STEM through Project Based Learning and
Guided Inquiry on Scientific Literacy Abilities in Terms of

Page | 193


https://doi.org/10.31849/lectura.v12i1.5813
https://doi.org/10.1063/1.4995107
https://doi.org/10.1080/09500690903386435
https://doi.org/10.1080/09500690903386435
https://link.springer.com/chapter/10.1007/978-94-017-9395-7_2
https://link.springer.com/chapter/10.1007/978-94-017-9395-7_2
https://link.springer.com/chapter/10.1007/978-94-017-9395-7_2
https://doi.org/10.1016/j.chb.2017.03.010
https://doi.org/10.31571/sosial.v7i1.1540
https://www.syekhnurjati.ac.id/jurnal/index.php/ibtida/article/view/5883
https://www.syekhnurjati.ac.id/jurnal/index.php/ibtida/article/view/5883

Journal of Hunan University (Natural Sciences)

Vol. 52 No. 1, January 2025

Self-Efficacy Levels | Lestari | Al Ibtida: Jurnal Pendidikan
Guru Ml

[27] Niam MA, M A. The Development of Science,
Technology, Engineering, and Mathematics (STEM)-Based
Mathematics Teaching Materials to Increase Mathematical
Connection Ability. MaPan: Jurnal Matematika dan
Pembelajaran. 2020;8(1):153-167.

[28] AM S, Suparman. Development of PJBL-Based
LKPD with STEM Approach to Improve Critical Thinking
Skills. International Journal of Scientific and Technological
Research. 2020;9(3):3390-4.

[29] Aini M, Aini M, Yunitasari I, et al.. Implementasi
Model Pembelajaran Project Based Learning Berbasis Stem
Terhadap Keterampilan Pemecahan Masalah. Jurnal
Pendidikan Edutama. 2023;10(2):61-6. Implementasi Model
Pembelajaran Project Based Learning Berbasis Stem
terhadap Keterampilan Pemecahan Masalah | Aini | Jurnal
Pendidikan Edutama

[30] Aini M, Aini M. Implementasi Pembelajaran STEM
Terhadap Keterampilan Komunikasi Oral pada Materi
Genetika. Science Learning Journal. 2023;4(2):208-13.

[31] Cedere D, Jurgena 1, Birzina R, Kalnina S.
Prospective pre-school teachers’ views on stem learning in
grade 9: The Principle Of Continuity In Education. Problems
in education in the 21st century. 2022;80(1):69.
10.33225/pec/22.80.69

[32] Yulianti D, Anjani D. Implementing Physical Learning
Based on Momentum and Impulse STEM Materials to
Develop Collaboration Skills. Jurnal I1lmu Pendidikan.
2019;25(1):27-32.

BEX:

[1] Mardhiyah RH, Aldriani SNF, Chitta
F, Zulfikar5eA4=. % > B RerE 21t 404y N B R 5
KIEEME,  PHf: Jurnal Pendidikan, 2021;12(1):29—
40.

[2] HadinugrahaningsihT, Rahmawati
ATEESAR R 21 B A e :
il FEAIPZIILR. 2017.

[3] Bialik M, Bogan M, Fadel C, Horvathova
M.21HEZE ) g 2 E . AR NS S A A2

T 28Nk L. PRARE TR L, 20154,

[4] Talanquer ~ V.Macro, submicrofiisymbolic : the

Y, Ridwan
ZRVRAEE AL HLIE A Bk

many faces of the
chemistry"triplet."[EFrfl = 5 H & . 2011;33(2):179-
95.

[5] Hesse F, Care E, Buder J, Sassenberg
K, Griffin P AT Z WM ke o) R REAOHESE .
21 BRIV A, Dordrecht : Springer;2015,
37-56p.

[6] Van Laar E, Van Deursen AJ, Van Dijk JA, De
Haan

J2UM LR R B FHBEZ IR R . RGOCHRERIR
NZET AR, 2017;(72):577-88.

[71 Bybee R.STEM#EEIZM] - RS P&,
EFRFHM 2 (NSTA) HAiRH:, 2013

[8] Mu'minah IH, Aripin
LT R FRISTEMANICT % 2] S, DA m21 el i)

FifE.  Jurnal  Sainsmat[AFcM],  2019;8(2):28-35.
] M:http://ojs.unm.ac.id/index.php/sainsmat...

[9] Hesse F, Care E, Buder J, Sassenberg
K, Griffin P. R M A D 1) R EL e R HE S8
21 AL R VA I . far 2= Springer, 2015, 37-
56p.

[10] Cheruvelil K., Soranno P., Weathers K., Hanson
P, Goring S, CT F, et al,

BUEALES = 1t RE R MM ERT FE RN . ZHEVEA R AEAE
RE I EZME, BAASIEE. 2014;12(1):31-8.

[11] Pheeraphan N.
IR TR A E R SictReE m 21 20 = S HUE BRe .
f:Procedia-fE AT AR, 2013. 5565-373 11

[12] Lelasari M, Setyosari P, Ulfa
SHIFAE S N LR AR PMERRE.  7E:Prosiding
TEP&PDs Transformasi Pendidikan Abad21. 2017. %5167-
17271,

[13] Junita J, Wardani KW,
STADFICIRC A EHE =SD Gugus Joko
Tingkir TLARZ 7 A AE T R Hh i R B RE T 1 A7 2%

.  JPDI (Jurnal Pendidikan Dasar Indonesia) .
2020;5(1):11-17.
[14] Indraswati D, Marhayani DA, Sutisna

D, Widodo A.
FEEBIFZE AR R A ke 1) R 2 5T 1R 2 B R
Sosial i k. 2020;7(1):12-28.

[15]  Najib S.
R B IERE ISR SE AR R 2R S R E R P IRIAE
f. W9k : Jaring Pena, 2011

[16] Sumartati L.
L Rk, BOR, TREAECA 74, 0.
BE, ITE, FEIFREERE. 2020;1(1):1-8.

[17] Torlakson T.

Innovate : MNAIEAFRIRF, R, TREMECAEE
o AR JEEM : AFLEH RN E . 2014,

[18] Joyce, B., &Weil, M.Models Of Teaching
IR, CHRE c FIEEAGREATE R, 2015, 4787,

[19] Paizaluddin P, Uchalinda E.
WEATENIT T BRI SC R .

Jik& : Alfabeta;2016,

[20] Rerung N, Sinon ILFWidyaningsih  SW,
JSL T ) 2% 2] (PBL) 88, DLHE R AR R 7
SIBCRI TAERREYRAARE . Jurnal  llmiah  Pendidikan
Fisika Al-Biruni, 2017;6(1):47-55.

[21] Subadi T.Lesson#F%¢ T berbasis penelitian tindakan
kelas (PTK) ., Surakarta : Badan Penerbit FKIPO;2010,
[22] Widoyoko EP.
Hl B T AN B AR H % Pustaka Pelajar;2012,

[23] Supeno, Nur M, Susantini  E.Argumentation
problem

solving (PMA) “E>I#EAY,  DUR s HRL 22 A 2 AR R AN

PR S R, N R BL AR IE R RE.  PPS Unesa;
2016,

[24] BARTHELEMY SR, Van Dusen VB, Henderson
C. WL E WEIE BAT IR T SR E S TG0

Page | 194


https://www.syekhnurjati.ac.id/jurnal/index.php/ibtida/article/view/5883
https://www.syekhnurjati.ac.id/jurnal/index.php/ibtida/article/view/5883
https://ejurnal.ikippgribojonegoro.ac.id/index.php/JPE/article/view/3364
https://ejurnal.ikippgribojonegoro.ac.id/index.php/JPE/article/view/3364
https://ejurnal.ikippgribojonegoro.ac.id/index.php/JPE/article/view/3364
https://ejurnal.ikippgribojonegoro.ac.id/index.php/JPE/article/view/3364
https://dx.doi.org/10.33225/pec/22.80.69

Journal of Hunan University (Natural Sciences)

Vol. 52 No. 1, January 2025

TE: B % - BR 2 E WFIE. 2015.
%110, 020107,
[25] Chalim MN, Mariani S, Wijayanti K.

HRON r o AR R 25025 V) 38 R 70 NJE T stem I H 12555 )
MG ARG IRREAT T [ B 1E:
PRISMA Prosiding#ffif :Nasional ~Matematika2. 2019.
#i540-50171 .

[26] HL, IR.
R LTI H A 2 A [ R ALRE KT R R TR

Re 10T FHER RIS STEM, FAI IR * (A 3K
2020;7(1):19-32.
[277  Niam MA, M A

TFRUEL, HAR, TREMEY: (STEM) AEERETIEL

FHORE S UM N R e %k Jurnal
Matematika dan Pembelajaran, 2020;8(1):153-167.

[28] AM S, Suparman,
FIFHSTEM T LT K 3 T-PIBLIFILKPD LA s fb a1 FE 4
fie 1. EIBRRHEIE 7T 24 . 2020;9(3):3390-4.

[29] Aini M, Aini M, Yunitasari I, et al, .
i it JE T A5 7 ) Pembelajaran 55 H 2% = Berbasis Stem
Terhadap Keterampilan Pemecahan Masalah,  Jurnal
Pendidikan Edutama, 2023;10(2):61-6.

[30] Aini M, Aini M.Pembelajaran STEM Terhadap
Keterampilan Komunikasi Oral Pada Materi Genetika,

BRI ). 2023;4(2):208-13.

[31] Cedere D, Jurgena 1, Birzina R, Kalnina S.
AR HTZIMAT O e stem ™7 I (N F 5. HH SN E N
o 21 HM M. 2022;80(1):69.

[32] Yulianti D, Anjani D.
SEHEE T AR A MBI STEMA BH B 5], UK JE )

YEH:fE. Jurnal llmu Pendidikan, 2019;25(1):27-32.

Word count: 3,721 words, excluding references.

Peer review information:

The reviewer reports submitted in first round: 3 reports
The reviewer reports submitted in 2nd round: 1 report
The revision rounds stages: 2 rounds

Final revised version submitted: February 6, 2025

Disclaimer/Publisher’s Note:

The statements, opinions and data contained in all
publications are solely those of the individual author(s) and
contributor(s) and not of the Journal of Hunan University
(Natural Sciences and/or the editor(s). The Journal of Hunan
University (Natural Sciences and/or the editor(s) disclaim
responsibility for any injury to people or property resulting
from any ideas, methods, instructions or products referred to
in the content.

Page | 195



