JOSEAR 1(1) (2026)

Indonesian Journal of Science Education and Applied Research

https:/ /journals.balaipublikasi.id/index.php/ijosear/index

Trends Research Project Based Learning (PjBL) Model to
Improve Students' Science Literacy in Science Learning: A
Bibliometric Analysis (2015-2024)

Ainun Sabrina®’, Aris Doyan!

1Master of Science Education, Postgraduate, University of Mataram, Mataram, Indonesia.

Received: April 20, 2026
Revised: April 24, 2026
Accepted: April 25, 2026
Published: April 30, 2026

Abstract: This study examines research trends on the Project-Based Learning (PjBL)
model in improving students' scientific literacy in science education from 2015 to 2024.
Using descriptive and analytical methods, data were collected from Google Scholar-
indexed publications via tools like Publish or Perish and Dimension.ai. The PRISMA

guidelines were applied to assess document quality, and bibliometric analysis with
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VOSviewer software was used to map keywords. Results indicate a significant rise in
PjBL research from 2015 to 2023, with a decline in 2024. Scientific articles dominate the
publications, highlighting PjBL's effectiveness in enhancing scientific literacy. Frequent

keywords such as "STEM PjBL," "critical thinking skill," and "technology" emphasize
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the integration of technology and critical thinking in education. This study provides

insights into PjBL's development and suggests integrating local approaches with
technology to further improve students' scientific literacy.
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Introduction

Improving the standards and quality of education
is a strategic step taken by the government to face the
challenges of the rapidly developing era of globalization
(Moshtari & Safarpour, 2024). In this era, globalization
demands human resources who are not only
academically intelligent, but also skilled in various
aspects of 21st-century skills, such as critical, creative,
collaborative thinking, and have good scientific literacy
(Muliyadi et al., 2023; Munandar et al., 2024; Susilawati
et al., 2023). Scientific literacy is one of the main
competencies because it allows individuals to
understand various scientific phenomena, think
logically, and make the right decisions based on
scientific evidence (Yacoubian, 2018, Holbrook &
Rannikmae, 2007; Januarti et al., 2024; Susilawati et al.,
2025). This ability is not only important for everyday life,
but also essential in forming a society that is able to
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adapt to change and face future challenges (Saputra,
2024).

As a basis for the formation of competitive human
resources, increasing scientific literacy has become one
of the main priorities in education policies in many
countries, including Indonesia (Martin, 2019; Sholikah &
Pertiwi, 2021). Science literacy helps students develop
the ability to apply scientific concepts relevant to
everyday life, as well as improve critical thinking and
problem-solving skills (Suwono et al., 2023; Sunandar et
al., 2022; Sinaga et al., 2017). With good science literacy,
students are expected to be able to think systematically,
solve problems with a scientific approach, and actively
participate in a society that is increasingly dependent on
science and technology (Valladares, 2021; DeBoer, 2000;
Rasa et al., 2024).

The importance of scientific literacy in the
education curriculum is in line with the demands of the
modern era, where society is expected to be able to
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understand scientific concepts related to everyday life
(Tsaparlis, 2013; Kollas & Halkia, 2020; Stuckey et al.,
2013). Scientific literacy is not only about mastering
scientific knowledge, but also about how students can
apply that knowledge to solve problems, critically
evaluate information, and make informed and evidence-
based decisions (Sari et al., 2024; Coppi et al., 2023).
Thus, mastery of scientific literacy is the main
benchmark in assessing the quality of a country's
education, as seen in the Program for International
Student Assessment (PISA). However, the results of the
2018 PISA survey showed that Indonesia was ranked
71st out of 79 countries in terms of science literacy with
an average score of Indonesian students reaching 389
with an average score from the OECD of 489. This
reflects serious challenges in the science education
system in Indonesia (OECD, 2019). The main obstacle to
improving science literacy in Indonesia lies in the
teaching methods that are still traditional and lack
variety (Setiawan et al., 2023). One-way learning tends
to make students only memorize concepts without really
understanding and applying them. This learning model
is less effective in building critical and creative thinking
skills that are needed in science literacy (Dewi et al.,
2023; Ulu-Aslan & Bas, 2023). Therefore, innovation is
needed in learning methods that are able to integrate
scientific concepts with relevant hands-on practice, so
that students can participate more actively and develop
their thinking skills independently (Hmelo-Silver, 2004;
Martin-Garcia et al., 2024).

Project Based Learning (PjBL) is present as one
solution to overcome this problem. This project-based
learning model encourages students to learn through
direct experience by carrying out projects that are
relevant to real life, allowing them to engage in a more
active and meaningful learning process (Karan &
Brown, 2022). PjBL not only helps students understand
scientific concepts more deeply, but also hones critical
thinking, problem-solving, collaboration, and
communication skills (Trisdiono et al., 2019; AlAlj,
2024). Various studies have shown that the application
of PjBL in science learning can improve students'
scientific literacy in a more effective way than
conventional methods (Kurt & Akoglu, 2023;
Rusmansyah et al., 2023).

Given the importance of the PjBL model in
improving science literacy, this study aims to review
research trends related to the implementation of PjBL in
science learning during the period 2015 to 2024. This
literature review aims to provide a deeper
understanding of the effectiveness of the PjBL model, the
latest innovations that have been implemented, and the
challenges and  opportunities faced in its
implementation. Thus, the results of this review are
expected to be a reference for the development of more
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innovative and effective educational practices in
improving students' science literacy in Indonesia and
provide significant contributions to future education
policies.

Method

This research method is descriptive and analytical,
which aims to understand and describe research trends
in the project-based learning (PjBL) model to improve
students' scientific literacy in science learning. The data
used in this study were obtained from information
sources indexed by Google Scholar using analysis tools
such as Publish or Perish and Dimension.ai. To conduct
a search in Google Scholar, keywords related to research
trends in the PjBL model to improve scientific literacy in
science learning were used.

In this study, the analysis was carried out on 1,000
documents that had been indexed by Google Scholar
between 2015 and 2024. The Google Scholar database
was chosen as a source for document search because
Google Scholar applies consistent standards in selecting
documents to be included in its index, and displays
more documents than other databases, especially in the
field of educational research (Hallinger &
Chatpinyakoop, 2019; Hallinger & Nguyen, 2020;
Zawacki-Richter et al., 2019). The use of Google Scholar
also allows researchers to get a broader picture of
scientific publications, conference articles, and other
reference materials related to the PjBL model in science
learning. To filter the data that has been collected
through Publish or Perish, researchers use the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. This process includes
the stages of identification, selection, and evaluation of
document quality, which are carried out to ensure that
only documents that are relevant and in accordance with
the research topic are included in the analysis. The
selection stage includes the removal of irrelevant
documents, as well as the evaluation of document
quality based on the number of citations and content
relevance. After the screening stage, the data were
analyzed using bibliometric analysis and content
analysis methods to identify research trends, main
themes, and emerging patterns in the use of the PjBL
model to improve students' science literacy. Bibliometric
analysis was carried out with the help of software such
as VOSviewer to visualize the relationship between
keywords that are frequently used in research, so that it
can show developing trends and areas that need further
exploration. The results of this analysis are expected to
provide a comprehensive picture of the effectiveness of
the PjBL model, the innovations that have been
implemented, as well as the challenges and
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opportunities that exist in developing students' scientific
literacy through this approach.

Result and Discussion

This study aims to describe research trends on
scientific literacy in science learning conducted from
2015 to 2024. Research documents on scientific literacy
trends are taken from scientific publications indexed by
Dimensions.ai. Figure 1 below shows the publication
trend on the PjBL model to improve scientific literacy in
science learning from 2015 to 2024.

Publications in each year. (Criteria: see below)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
al)

Figure 1. Research trends in PjBL models to improve scientific
literacy

Figure 1. shows that the research trend on scientific
literacy in science learning from 2015 to 2023 has
increased significantly every year. In 2022, the number
of publications peaked with more than 500 publications.
However, this trend shows a slight decline in 2024. The
continuous increase from 2015 to 2023 reflects the
growing interest among academics and education
practitioners in scientific literacy as one of the important
competencies in the 21st century.

In 2015, publications related to scientific literacy in
science learning were relatively few, and since then have
continued to increase along with the increasing
awareness of the importance of scientific literacy in
equipping students with critical thinking, analytical, and
problem-solving skills. This increasing research trend
shows a consistent effort to understand the best ways to
improve students' scientific literacy, as well as the
development and innovation of effective science
learning approaches.

The decreasing trend in 2024 may reflect several
factors, such as a shift in research focus to newer areas,
changes in educational policy, or challenges in
implementing science literacy programs at different
levels of education. However, the overall trend shows a
significant increase, providing evidence that science
literacy continues to be a relevant and important topic in
global science education. Also presented below is Table
1, which displays research on PjBL models for
improving science literacy by publication type.

Volume 1, Issue 1, 16-26

Table 1. Trends in PjBL Models to Improve Science
Literacy Based on Publication Type

Publication Type Publications
Article 1,340
Edited Book 60
Proceeding 23
Chapter 12
Preprint 2

Based on Table 1, it is known that research on the
PjBL model to improve scientific literacy in science
learning from 2015 to 2024 is found in 5 types of
publications. The form of articles is the most numerous
type of publication, with 1,340 documents, followed by
edited books with 60 documents, proceedings with 23
documents, chapters with 12 documents, and preprints
with 2 documents.

The trend of research on the PjBL model to improve
scientific literacy in the form of articles is the muost
numerous type of publication compared to other types
of publications. This shows that scientific articles are the
dominant media in disseminating research results
related to the PjBL model to improve scientific literacy.
Articles are chosen because they allow researchers to
present their findings comprehensively and can reach a
wider audience through scientific journals published in
print and online.

Meanwhile, the least numerous type of publication
is preprints, which only record 2 documents. Although
the number of preprints is relatively low, they provide a
platform for sharing research results quickly before
going through a rigorous peer-review process. Edited
books and proceedings also play a role in supporting the
dissemination of research results by compiling multiple
studies into a single volume or reporting the results of
conferences on the topics of scientific literacy and
project-based learning models.

Overall, these data indicate that scientific literacy
through the PjBL model has become a significant
concern in the academic community, with a primary
focus on article publications. The dominance of articles
as a form of publication reflects the need to convey
scientific information in a more formal and structured
manner, as well as the importance of scientific literacy as
a core competency that students must have in the 21st
century. This trend indicates that there is a growing
understanding of the importance of scientific literacy,
which can be developed through various methods,
including interactive and project-based PjBL models
(Nurhayani & Nurhafizah, 2022; Hartini, 2017; Nuraini
et al., 2023). Table 2 is also presented below, which
displays the ten (10) main sources of research trends on
PjBL models to improve scientific literacy that are often
cited by other researchers on this matter.
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Table 2. Top 10 Sources Title Trend of PjBL Model Trends to Improve Scientific Literacy Research in (2015-2024)

Name Publications Citations Citations Mean
Jurnal Penelitian Pendidikan IPA 130 315 2.42
Advances in Social Science, Education and Humanities Research 67 77 1.15
Journal of Physics Conference Series 31 312 10.06
Jurnal Basicedu 27 176 6.52
Edukatif Jurnal Ilmu Pendidikan 23 34 1.48
Jurnal Ilmiah Profesi Pendidikan 17 17 1.00
Jurnal Pendidikan Sains Indonesia 17 99 5.82
JPBI (Jurnal Pendidikan Biologi Indonesia) 14 174 12.43
Jurnal Inovasi Pendidikan IPA 13 265 20.38
AKSIOMA Jurnal Program Studi Pendidikan Matematika 13 23 1.77

The figure and table show that research related to
the PjBL model to improve scientific literacy has grown
significantly. Jurnal Penelitian Pendidikan IPA is the
primary source with the highest number of publications
(130) and a total of 315 citations, indicating a great
interest in this topic. However, despite having fewer
publications, the Journal of Physics Conference Series
has the highest average citation (10.06), indicating the
quality and impact of the articles published there. Jurnal
Inovasi Pendidikan IPA also stands out with a fairly
high average citation of 20.38, despite having only 13
publications. This shows that articles published in this
journal have a great influence and are often referred to

by other researchers in scientific literacy studies using
the PjBL model. Overall, these data reflect that the PjBL
model to improve scientific literacy remains a relevant
and growing topic in the academic realm. This trend
indicates a continued interest in the use of PjBL as an
effective learning method. However, there is still room
for further exploration in terms of innovation and new
approaches to expand the impact and application of this
model in science education in the future. Also presented
below is Table 3, which displays the ten (10) most
frequently cited article titles in research on PJBL models
to improve scientific literacy.

Table 3. Top 10 Citations on Trend of PjBL Model Trends to Improve Scientific Literacy Research in (2015-2024)

Cites/year Year Author Title
7.00 2023 Y Wahyu, AL Edu, A Helmon STEM-based PjBL Learning Model with Manggaraians Indigenous
Science Content to Improve Science Literacy: is it Effective?

34.00 2023 R Rusmansyah, L Leny, HN Sofia Improving students' scientific literacy and cognitive learning
outcomes through ethnoscience-based PjBL model

11.00 2022 EW Winarni, M Karpudewan, B Integrated PjBL-STEM in Scientific Literacy and Environment
Karyadi, Gumono Attitude for Elementary School

7.50 2022 I Wardah, K Septaria, K The Effect of Project Based Learning (PjBL) Model on Students'
Mahbubah, H Mubarok Science Literacy in Social Studies Subjects

20.00 2023 N Nuraini, IH Asri, N Fajri Development of Project Based Learning with STEAM Approach
Model Integrated Science Literacy in Improving Student Learning

Outcomes

39.00 2016 J Afriana, A Permanasari, A Project based learning integrated to stem to enhance elementary
Fitriani school's students scientific literacy

5.00 2023 N Nuraini, F Nurul Fajri, Development of Project Based Learning With STEAM Approach
Model in Improving the Science Literacy Ability of High School

Students

3.25 2020 M Muhibbuddin, N Yustina, Implementation Of Project-Based Learning (PjBL) Model
Safrida In Growth And Development Learning To Increase The

Students' Science Literacy And Critical Thinking Skills

4.00 2023 DA Fauziah, E Erman, E Implementation of project-based learning models to improve
Susiyawati, M Budiyanto science literacy of junior high school students

3.33 2021 M Marjanah, E Pandia, Nursamsu Development of Practicum Instruction Module Based on Project

Based Learning (PjBL) Integrated with Science Process Skills and
Scientific Literacy

The research data shows that the integration of PjBL
with STEM or STEAM approaches in improving
scientific literacy has become a major focus of research
in recent years. The article by J. Afriana et al. in 2016 was

the most cited, with 39 citations per year, highlighting
the effectiveness of this approach in elementary school
education.
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Research conducted by R. Rusmansyah et al. in
2023, which emphasized the use of ethnoscience in PjBL
to improve scientific literacy and cognitive learning
outcomes, also showed a high number of citations (34
citations per year), indicating a great interest in project-
based learning innovations that incorporate local
cultural elements. In addition, the work of N. Nuraini et
al. in 2023 on the development of a PjBL model with a
STEAM approach showed that this innovation not only
contributed to improving scientific literacy but also
provided significant results in improving overall
student learning outcomes.

Table 4. Keywords on Trend PjBL Model Trends to
Improve Science Literacy Research in (2015-2024)

Terms Occurrences Relevance
Creativity 3 3.29
Inquiry 3 3.11
Data 3 2.39
Critical thinking skill 5 1.78
Ethnoscience 3 1.66
PISA 3 1.36
Student science process skill 3 1.35
STEM PjBL 5 1.13
Technology 5 1.08
PBL 4 0.91

Overall, this trend illustrates that research on PjBL
continues to grow with a variety of innovative
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approaches that not only improve scientific literacy but
also enrich students' learning experiences. This
phenomenon shows the importance of research
sustainability in developing learning models that are
responsive to the challenges of 21st century education.
Table 4 below displays the ten (10) most frequently used
keywords in research on project-based learning (PjBL)
models to improve science literacy. These keywords
reflect important elements related to the implementation
and success of PjBL in science education.

From the table above, it can be seen that the
elements "Creativity" and "Inquiry" have high relevance
in the context of PjBL, indicating the importance of
creativity and inquiry processes as an integral part of
project-based learning to improve scientific literacy.
Both indicate that the PjJBL method not only aims to
improve understanding of scientific concepts but also to
develop students' critical and creative thinking skills.

The terms "Critical thinking skills" and
"Technology" also appear quite often and have
significant relevance. This shows that the application of
PjBL in scientific literacy often involves the use of
technology to improve students' critical thinking skills.
In addition, the element "STEM PjBL" confirms that the
integration of STEM (Science, Technology, Engineering,
and Mathematics) in the PjBL model plays an important
role in improving students' scientific literacy, as
reflected in various studies.
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Figure 2. Network visualization on trend PjBL models to improve scientific literacy in science learning research

The emergence of the keyword "Ethnoscience" is
also interesting because it shows a trend to associate
scientific concepts with local knowledge or cultural
wisdom in the context of science education, helping
students understand science through their cultural
context. This is in line with research results showing that

an ethnoscience-based approach can improve science
literacy by making learning more relevant and easier for
students to understand.

The use of the term "PISA" (Programme for
International Student Assessment) shows that many
studies on PjBL refer to this international assessment
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standard to measure students' scientific literacy, thus
ensuring that the learning model developed is able to
compete at the global level.

Overall, the data visualization with a landscape
map that includes the terms above offers a clear
representation of the direction of research and
application of PjBL in science education. This shows that
the integration of elements such as creativity,
technology, ethnoscience, and international standards
such as PISA, all contribute to the development of an
effective project-based learning model to improve
scientific literacy.

The results of bibliometric mapping for the shared
keyword network in articles related to the topic of
project-based learning (PjBL) models to improve
scientific literacy are shown in Figure 2. Figure 2 shows
the results of bibliometric keyword mapping on research
trends on PjBL models to improve scientific literacy. In
the visualization, there are several keywords that are
often used in research on scientific literacy with the PjBL
approach, including integration with STEM and
technology concepts. This network map illustrates the
close relationship between various main keywords
related to the PjBL model, such as "scientific literacy,"
"STEM PjBL," "inquiry," "critical thinking skills," and
"technology," indicating research trends that emphasize
the development of scientific thinking skills and the use
of technology in project-based learning.

This visualization consists of five clusters with
different colors, which show how related terms are
connected to each other in research: The first cluster
(red) includes words such as "PjBL learning model,"
"critical thinking skills," "technology," and "science."
This cluster shows the focus of research on the
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application of technology in PjBL to improve students'
critical thinking skills and scientific literacy. The second
cluster (green) contains keywords such as “scientific
literacy,” “STEM education,” “knowledge,” and
“learning.” This cluster emphasizes the importance of
STEM integration in developing scientific literacy and
enhancing students’ scientific knowledge and skills
through PjBL. The third cluster (blue) includes words
such as “PjBL STEM,” “students’ science process skills,”
and “influence,” indicating a project-based approach
combined with STEM methods to enhance students’
scientific process skills. The fourth cluster (yellow)
displays terms such as “inquiry,” “research,” and
“ability,” indicating an inquiry-based approach in
project-based teaching to enhance students’ scientific
understanding and abilities. The fifth cluster (purple)
includes keywords such as “integrated STEM,”
“application,” and “systematic literature review,” which
refer to a systematic review of the application and
integration of STEM approaches in PjBL to develop
scientific literacy.

This keyword network provides insight into recent
research trends in the application of PjBL to improve
scientific literacy, by showing how this approach is used
to develop various scientific competencies, integrate
technology and STEM, and improve students' critical
and scientific thinking skills. The results of this analysis
show some keywords that are often used in research on
PjBL models for scientific literacy, and provide an
overview of future research directions in this area.
Furthermore, the results of the overlay visualization of
research trends on PjBL models to improve scientific
literacy in science learning are presented in Figure 3.
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Figure 3. Overlay visualization on trend project-based learning (PjBL) models to improve scientific literacy in science learning
research
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The figure above shows the trend of keywords
related to research on project-based learning (PjBL)
models to improve scientific literacy in journals indexed
by Google Scholar from 2020 to 2021. The theme trends
in articles related to PjBL to improve scientific literacy
are marked with different colors: purple, blue,
turquoise, green, and yellow.

In Figure 3 it can be seen that in 2020, some
keywords that were frequently used by researchers
included "systematic literature review," "PISA," and
"integrated STEM." The use of these words indicates a
focus on integrating STEM methods in project-based
learning and the importance of student understanding
in the context of international evaluations such as PISA.

In 2021, keywords such as "critical thinking skills,"
"PjBL learning model," and "scientific literacy" became
more dominant. This indicates an increasing interest in
using PjBL to develop students' critical thinking skills
and scientific literacy. In addition, themes such as
“technology,” “STEM PjBL,” and “student science
literacy” emphasize that technology and STEM
approaches are an important part of developing science
literacy through project-based learning.

Figure 4. Density visualization on trend PjBL models to improve scientific literacy in science learning research

Some keywords with dim colors such as "inquiry,"
"technology," and '"students science process skills,"
indicate that these themes have not been widely
discussed in research. Therefore, these keywords can be
opportunities for further research in the context of PjBL
models for scientific literacy. In contrast, keywords
marked in bright yellow such as "scientific literacy,"
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Figure 3 also shows that the overlay visualization
illustrates when keywords are used in research. The
more recent the research, the brighter the color
displayed in the overlay map. For example, keywords
such as "technology," "STEM approach," and "PjBL
STEM" appear more frequently in recent studies,
indicating high relevance in project-based learning
approaches to improve scientific literacy.

Research on project-based learning models to
improve scientific literacy is one of the fastest growing
research areas in recent years. This trend shows that the
focus on the use of PjBL approaches with STEM and
technology integration has become a major concern in
improving students' scientific and critical thinking skills.

In addition, keywords for research on project-based
learning models (PjBL) to improve scientific literacy are
also presented based on density visualization. The figure
below shows the density visualization. The density of
the research theme is displayed in bright yellow,
indicating the frequency of use of certain keywords in
the literature. The brighter the color of a theme, the more
research has been done on the theme, and conversely,
the dimmer the color, meaning that the theme is rarely
studied (Azis et al., 2023).

"PjBL," and "STEM," are the most frequently appearing
in related studies, reflecting the main focus of research
on this topic.

Opverall, research on project-based learning (PjBL)
models to improve scientific literacy is highly relevant to
the needs of 21st-century education. PjBL models help
students develop critical thinking, investigation, and
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collaboration skills through real-life projects that
connect science concepts to everyday life situations
(Ananda et al., 2023; Song et al., 2024; Suradika et al.,
2023). By using PjBL, students have the opportunity to
better understand scientific concepts while practicing
scientific literacy skills, which are essential to prepare
them for future global challenges (Bangun et al., 2023;
Sholahuddin et al., 2023).

In the next few years, research on the PjBL model to
improve science literacy is expected to continue to grow
(Rusmansyah et al., 2023). One promising direction of
development is to combine PjBL with a local or cultural
context-based approach, such as the use of local wisdom
in learning projects. For example, connecting science
projects with traditional practices in the community can
make it easier for students to understand scientific
concepts because they can see real applications of the
theories they learn (Yuliana et al., 2021; Sari et al., 2023).
This local wisdom-based approach not only enriches
students' learning experiences but also helps preserve
and promote local culture. In this way, students can see
the relevance of science learning in their daily lives,
increasing their motivation and engagement in the
learning process (Jana et al., 2024). In addition, the
integration of local wisdom in PjBL also encourages
students to develop critical and creative thinking skills
when students try to find solutions to problems faced in
their projects (Rahayu & Indriyanti, 2023). Thus,
research trends in this area not only strengthen scientific
literacy but also other crucial 21st-century skills, such as
problem solving, communication, and collaboration.

Conclusion

This study reveals a significant trend in scientific
literacy in science learning from 2015 to 2024, with a
marked increase in publications until it peaked in 2022,
before experiencing a slight decline in 2024. This
increase reflects the increasing awareness of the
importance of scientific literacy as an essential
competency of the 21st century, as well as consistent
efforts in understanding and developing effective
learning approaches, such as the Project-Based Learning
(PjBL) model. The data shows that scientific articles are
the most dominant form of publication, with the number
of publications reaching 1,340 documents, followed by
other types of publications. This indicates that scientific
articles are the main channel for disseminating research
results related to the PjBL model. In addition, findings
regarding frequently used keywords emphasize the
focus on elements such as creativity, critical thinking,
and STEM integration, which further emphasize the
relevance of PjBL in the context of science education.
This study confirms that the PjBL model continues to be
an important and developing topic in the field of
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scientific  literacy, despite challenges in its
implementation. The decline in the trend in 2024 could
be due to a shift in research focus or changes in
education policy. However, overall, interest in scientific
literacy and the use of PjBL in science learning remains
high, and there is still scope for further exploration of
innovations in this learning model to improve the
effectiveness of science education in the future.
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