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which referred to the keyword "Project-Based Learning Model with STEM approach in
Mathematics Education". A total of 41 papers were considered relevant. The research
period of the paper used was from the past 10 years (2014 to 2023) indexed by Google
Scholar. The research results showed that the Project-Based Learning model with STEM
approach in mathematics education research could be divided into three terms. The first
term was teaching method in cluster 4 with 18 total links, 19 total link strengths, and 12
occurrences. The second term was STEM learning, included in cluster 6 with 15 full links,
15 total link strength, and 11 occurrences. The third term was STEM PjBL, included in
cluster 8 with 13 total links, 15 total link strength, and 10 occurrences. The analysis
results of the development of the Project-Based Learning model with STEM approach
publications in mathematics education in the last ten years showed frequent
fluctuations. From 2014 to 2016, publications increased at the same rate in 2016 and
2017 and decreased in 2018. It then increased again in 2019 to 2020 but decreased in
2021 and 2022. Until, in 2023, it rose again. The number of publications in 2023 could

Keywords: continue to grow because the data were taken in the middle of 2023. The result of the
Bibliometric analysis; mathematics study shows that research opportunities for the Project-Based Learning model with the
education; project-based learning; STEM approach, especially in mathematics education, still have high options and are
STEM approach; VOSviewer related to other terms.

1. Introduction

One area of education that is continuously developing is mathematics education. In 2018, the
Minister of Education and Culture of the Republic of Indonesia stipulated regulation number 35,
stating that mathematics aims to develop student attitudes, knowledge, and technical skills as the
foundation to enhance their life skills. Mathematics must be learned in order that students have
various capabilities, such as mathematical problem-solving, mathematical communication,
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mathematical reasoning and proof, mathematical connections, and mathematical representation [1].
For mastering various mathematical abilities, teachers must apply different strategies, methods, and
learning models suitable for application in mathematics learning.

One learning model considered suitable for mathematics is Project-Based Learning (PjBL) model
with a Science, Technology, Engineering, and Mathematics (STEM) approach. STEM is one of the
important approaches for supporting education [2,3].

PjBL model is a learning model considered relevant for learning in the 21st century. Many reports
on PjBL are available [4-10]. One of the advantages of the PjBL model is that the problems presented
in the PjBL model are problems originating from everyday life. Thus, PjBL not only equips students
with knowledge but also improves the student ability to solve problems in their lives [11]. In addition,
the PjBL model provides opportunities for students to be involved both individually or in groups in
formulating questions, setting goals, planning, up to implementing and designing projects [12]
because it is not like traditional learning which makes the teacher the primary source of information
and dominate the time [13] The PjBL model makes students play an active role and dominate the
learning process. Another advantage of PjBL model is that it provides opportunities for students to
assess themselves based on the produced products. Besides that, they can also evaluate work or
projects done by their friends and provide constructive suggestions. This can help students realize
the strengths and abilities they must continue to improve [14].

In line with the PjBL model, the STEM approach uses real-world contexts as the center of
education because the STEM approach has the goal of preparing individuals to face complex real-
world problems and requires the application of knowledge and skills from various disciplines [15].
The STEM approach is also recommended for improving and developing student problem-solving
skills [16]. However, the demand for research on mathematics education related to Project-Based
Learning models using STEM approaches is still under investigation. Mathematics education research
has used analytical methods that enable the development of Project-Based Learning models with
STEM approach, such as bibliographic analysis. Bibliographic analysis is a type of research using data
meta-analysis that helps researchers examine bibliographic content and analyze citations from
journal articles and other scholarly studies.

There are many studies utilizing bibliographic analysis, including bibliographic that analysis in
mathematics education [17-24], economics [25-28], engineering [29-34], technology [35-36], e-
learning [37-41], covid-19 [42], renewable energy [43], artificial intelligence [44], mobile learning
[45], infectious diseases [46], and many more (see Table 1).

Table 1
Previous studies on bibliometric analysis
Authors Title Results Ref
Muhammad  Discovery learning In 2017 — 2023 the publication of discovery learning in [17]
etal., research in mathematics mathematics education was increased. Indonesia became a
learning: a bibliometric country that had a big influence on it. The focus of this research
review consisted of 1) students, mathematics learning, and discovery
learning, 2) Indonesia and problem-solving, and 3) geometry and
junior high school.
Muhammad  Research on students’ The trend of publications on mathematics skills in learning [18]
& Angraini mathematical ability in mathematics increased in 2018 - 2019. However, the highest
learning mathematicsin  number of citations occurred in 2013, it was 612 citations. The
the last decade: a focus of this field included 1) ICT, university, computational
bibliometric review thinking, and augmented reality, 2) higher education, pre-service

teachers, and mathematical problems, 3) outcomes,
mathematics literacy, and mathematics abilities, and 4)
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Muhammad
etal.,

Sugiarni et
al.,

Naser &
Juandi

Kaymak et
al.,

Phanetal.,

Dede &

Ozdemir

Suseelan et
al.,

Ladaetal.,

Bibliometric analysis:
Adobe Flash C26
research in mathematics
learning

Research trends
mathematics concepts
on pre-service
mathematics teachers: a
bibliometric analysis
using Vosviewer from
2017 to 2022
Bibliometric review:
research on
mathematical literacy
ability in mathematics
learning (1979-2023)

A bibliometric review on
realistic mathematics
education database
between 2000-2022

A bibliometric review on
realistic mathematics
education in Scopus
database between 1972-
2019

Mapping and
performance evaluation
of mathematics
education research in
Turkey: a bibliometric
analysis from 2005 to
2021

Research on
mathematics problem
solving in elementary
education conducted
from 1969 to 2021: a
bibliometric review

Islamic economy and
sustainability: a
bibliometric analysis
using R

technology, high mathematical ability, and critical thinking
ability.

The most citations of publications related to Adobe Flash in
mathematics learning occurred in 2018. There were more than
150 citations, while the most publications for this research
occurred in 2019. The focus of this research could be grouped
into 1) interests, motivations, and problems, 2) elementary
school, contextual teaching, and development, 3) technology and
outcomes.

From 2017 until 2022, the publication of pre-service
mathematics teachers on the Scopus database produced 118
documents with a total of 337 citations. The keywords that often
appeared in this research were professional development,
concept map, teacher knowledge, mathematics content, and
STEM education.

Based on data from the Scopus database, the most publications
related to mathematical literacy in mathematics learning
occurred in 2022, while the most citations occurred in 2015.
There were 295 citations. Southern Africa was the country that
had the greatest influence regarding publications in this field
with a total of 26 publications. The focus of this research
included mathematics education, students, numeracy skills, and
gender.

The countries that had the most research related to Realistic
Mathematics Education were Indonesia, the Netherlands, and
the United States. Most publications came from Indonesia, but
the citations about RME were more often from the Netherlands.
RME was still widely explored and used in technology-based
learning so researchers believed that the number of publications
on this topic would continue to increase.

Research in the field of Realistic Mathematics Education (RME)
had increased, especially after 2016. The Netherlands was the
country with the most cited publications in the field of RME. But,
if measured by total publications, Indonesia produced the most
publications in the field of RME.

Publications related to Mathematics Education Research in
Turkey increased slowly until 2012 but then declined and
experienced fluctuations. The topics most widely discussed were
mathematical modelling, mathematical achievement, and
attitudes. Meanwhile, topics that needed further research were
anxiety in mathematics education, gender, problem-based
learning, spatial abilities, functions, and proportional reasoning.
The United States was the most productive country in the field of
mathematics problem-solving publications, especially in
Elementary Education. The focuses of the research were 1)
mathematical problem-solving and representation, 2)
mathematical problem-solving in the affective domain, 3)
student cognition, 4) essay questions, 5) role of teachers in
problem-solving, 6) problem-solving in algebra.

From 2000 to 2022 there were 76 publications relevant to the
topic of Islamic Economy and Sustainability. To produce new
research related to this topic, the author provided suggestions
for condensing important aspects of Islamic economics into one
integrated concept so that it would become a trending research
topic for discussion.

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]
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Zeng & Yang

Duan

Zhong & Lin

Zhou et al.,

Duanetal.,

Al Husaeni &
Nandiyanto

Wirzal &
Putra

Nandiyanto
& Al Husaeni

A bibliometric and
visualization analysis of
knowledge

mapping in digital
economy research,
1992-2022

A state-of-the-art review
of sharing economy
business models and a
forecast of future
research directions for
sustainable
development: a
bibliometric analysis
approach

Bibliometric analysis for
economy in covid-19
pandemic

The low-carbon
transition of energy
systems: a bibliometric
review

from an engineering
management
perspective
Development and
research

trends of a
polypropylene

material in electrical
engineering: A
bibliometric mapping
analysis and systematical
review

Bibliometric
computational mapping
analysis of publications
on mechanical
engineering education
using Vosviewer

What is the correlation
between chemical
engineering and special
needs education from
the perspective of
bibliometric analysis
using Vosviewer indexed
by Google Scholar
Bibliometric analysis of
engineering research
using Vosviewer indexed
by Google Scholar

There were a lot of research in the field of digital economy
proven by the large number of publications. Based on the SSCI
and SCI databases, from 1992 to 2022, there were 7874
published articles. Related research that had the potential to be
carried out was digital economic platforms, the gig economy, big
data technology innovation, and digital economic statistics.
Analysis of the Scopus and Web of Science databases showed
that there were 951 studies from 552 sources identified.
Sustainability was the most relevant journal and one of the most
influential in the field of Sharing Economy Business Models
(SEBM).

A search using the keywords economy, economic, and financial
from 2020 to 2022 produced 2274 related documents. North
America and Europe were the most productive countries in
producing publications in this field, while the most popular
journal was Sustainability.

Over the last decade, the number of publications in this field had
experienced rapid growth. Based on 5336 publications analyzed,
most of the authors came from China, Germany, England, the
United States, and the Netherlands. There were four main
research themes, namely low-carbon technology diffusion, low-
carbon transition pathway, transition-driving mechanisms, and
infrastructure network planning.

The country that published the most research related to
polypropylene (PP) in the field of electrical engineering was
China, but the most cited publication came from the United
States. Most of the articles were published in dielectric and
materials journals. The most popular research in this field was
related to electricity, mechanical properties, and
nanomodification.

Publications on mechanical engineering education from 2012 to
2021 experienced quite frequent fluctuations and were most
popular in 2012 with 56 publications. This research related to
157 links divided into 3 terms, including mechanical engineering,
mechanical engineering education, and education.

Based on the keywords chemical engineering and special needs,
there were 800 relevant articles published from 2018 to 2022.
The number of publications in this field decreased from year to
year because of the Covid-19 pandemic.

There were 1000 relevant articles published from 2017 to 2021.
In the last 5 years, engineering research had decreased. In 2017,
there were 396 articles, but the number of articles dropped
drastically to just 14 articles in 2021. The most researched term
in this field was engineering, while the least researched term was
environment.

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

96



Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 55, Issue 2 (2026) 93-112

Sudrajat et
al.,

Radanliev &

Roure

Jefleaetal.,

Djeki et al.,

Fauzi

Martins et
al.,

Fanetal.,

Rosokhata,
etal.,

Bawack et
al.,

Goksu

Engineering design
process: a review and
bibliometric analysis

New and emerging
forms of data and
technologies:
literature and
bibliometric review
Societal technological
megatrends: a
bibliometric analysis
from 1982 to 2021

E-learning bibliometric
analysis from 2015 to
2020

E-learning in higher
education institutions
during COVID-19
pandemic:

current and future
trends through
bibliometric analysis
A bibliometric analysis
and visualization of
e-learning adoption
using

vOSviewer

Bibliometric analysis on
Covid-19: a comparison
of research between
English and Chinese
studies

Renewable energy: a
bibliometric analysis

Artificial Intelligence in
e-Commerce: a
bibliometric study and
literature review

Bibliometric mapping of
mobile learning

There were 999 articles published from 2016 to 2021.

Then, all of these articles were analyzed. There were 762 articles
relevant to the engineering design process topic. The clusters
formed in this research were related to various keywords.

The strong relationship between the US and the UK did not
suggest collaborative research on this topic. The opposite
happened to the US and China, even though the relation
between the two countries were not good. Research on this
topic seemed to be getting stronger.

Analysis of 549 articles from Scopus and 291 articles from Web
of Science (WoS) showed that the publication of technology
megatrends started in 1982 and showed an increasing trend
after 2010. At the societal level, technological megatrends were
closely related to foresight, industry 4.0, globalization,
digitalization, the Internet of Things, technology, innovation, and
artificial intelligence.

Based on a study of 12,272 publications published from 2015 to
2020, it concluded that China, the USA, England, and Spain were
the most productive countries in research on e-learning. The
most influential writer in this field was A. Tarhini. Journal of
Emerging Technologies in Learning was the most represented
journal. Meanwhile, the universities that had the most influence
were Universidade Nova de Lisboa, Islamic Azad University, and
King Abdulaziz University.

A study of 1496 publications provided an illustration that
research related to e-learning during COVID-19 was carried out
over a two-year period (2019 — 2020). E-learning should be
carried out in universities so that student rights to obtain
education could be fulfilled.

The results of the analysis of 896 articles published from 1989 to
2021 showed that Indonesia and Malaysia were countries that
paid a great attention to e-learning adoption. The institutions
that published the most were universities from Indonesia and
Malaysia. The countries that cited the most publications related
to e-learning adoption were Spain, Taiwan, Malaysia, the USA,
and the UK. Meanwhile, the journal that had the most
publications on this topic was Elsevier.

Since Covid-19 appeared, publications related to Covid-19 had
grown rapidly. A total of 721 Chinese language articles had been
published, beating the number of English language articles which
were only 143 articles. Publications in English involved doctors
and scientists at the international level.

A search for the keyword renewable energy yielded 17,805
publications. About 51.7% of the publications were published
from 2016 to 2020. The most popular research topics in this field
were engineering, energy fuels, environmental sciences, science
and technology, ecology, and business economics.

Based on the analysis of 4335 publications, it concluded that the
USA and China were the leaders in this research area. The thing
most researched was recommender systems with the themes of
Al concepts, trust and personalization, optimization, sentiment
analysis, and related technologies.

The countries that were most effective in mobile learning were
China, USA, Taiwan, and England. The most dominant keyword of
research in this field was educational technologies which could

(35]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

(43]

(44]
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be more specifically described as mobile phones, tablets,
MOOCs, and learning strategies. The most effective research in
this area included smartphone-oriented, augmented reality, and
higher education. Meanwhile, the journals that contributed the
most were the Computers & Education Journal, the British
Journal of Educational Technology, and the Educational
Technology & Society Journal.

However, computational mapping research using bibliometric analysis of data published related
to the Project-Based Learning model with STEM approach in mathematics education research to
discover the research development has not been widely carried out, specifically the bibliometric
analysis of the last ten-year research from 2014 to 2023 utilizing the VOSviewer application. This
study was therefore conducted to perform a bibliographic computational mapping analysis of papers
indexed by Google Scholar using the VOSviewer software. This research was conducted to help
researchers orient and set research themes, especially in the context of Project-Based Learning
model with STEM approach in mathematics education.

2. Methodology

The data used in this study were based on articles published in peer-reviewed journals indexed
by Google Scholar. We chose Google Scholar for this research because the Google Scholar database
is open source [46]. A reference manager application, such as Publish or Perish, was used for
literature searches on selected topics. For more details on the use and installation of the software
and the step-by-step data acquisition process, please refer to the previous study [47]. This research
was conducted in several stages, including:

(i)  Using the Publish-or-Perish application to collect and choose the publication data,

(ii) Opening the Microsoft Excel application to do the bibliographic data process,

(iii) Opening the VOSviewer application to do a computer-aided mapping analysis of biometric
publication data,

(iv) Analyzing the computational mapping results after the results appeared in the VOSviewer
application.

All data in this document was collected in June 2023. The collected data that met the criteria for
this research analysis were exported into two types of files, namely comma-separated value format
(*.csv) and Research Information System (.ris). VOSviewer also allows us to visualize and assess
trends using bibliographic maps. Then, the item data from the source database were mapped.

VOSviewer creates three variants of mapping publications, including density visualization,
network visualization, and network-based overlay visualization (co-citation) between existing
elements. When creating the bibliographic map, the keyword frequencies were adjusted to find the
keywords at least thrice. As a result, 137 irrelevant terms and keywords were removed. Figure 1
shows the research stage.
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irrelevant articles ’

Period: 2014 - 2023

Keyword: Project-Basad Learming
Meodel with STEM approach in Network analysis
Mathematics Education

Fig. 1. Research procedure

3. Results
3.1 Publication Data Search Results

The data search through published or perish reference management applications from the
Google Scholar database yielded 41 articles that met the research criteria. The data retrieved were
in the form of written metadata consisting of the title of the paper, year of publication, number of
citations, journal name, publisher, author name, article link, and associated URL. Table 2 shows
examples of published data used in VOSviewer analysis for this study. The top 20 most cited papers
about the PjBL Model with STEM approach in Mathematics Education were used as sample data. All
papers used in this study had 1731 citations, with an annual citation count of 173.1. The number of
citations per article was 14.41 and the average author of articles was 2.93.

The most cited article was an article published in 2014 [48]. This article received many citations
because, in 2014, this article was the only article that discussed how PjBL STEM influenced
achievement of students who had different abilities (high, medium, and low). The authors explained
their research well, starting with an explanation of student achievement influenced by individual
factors (student factors) and learning environment factors (which were raised in this research,
namely PjBL STEM). The number of citations to this article was increasing day by day, starting from
researchers who only focused their research on PjBL, researchers who only focused on STEM, or
researchers who combined PjBL and STEM, both in mathematics learning and non-mathematics
learning.

On the other hand, six articles had never been cited. These six articles were published in 2023.
The publication year of these six articles was the same as the year in which the data were collected
and analyzed, so these six articles still had the possibility of being cited in the month or year after the
data were collected.
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Table 2
PjBL model with STEM approach in mathematics education publication data
No Authors Title Year Cites

1 Han et al., [48] How Science, Technology, Engineering, and Mathematics (STEM) Project- 2014 690
Based Learning Affects High, Middle, and Low Achievers Differently: The
Impact of Student Factors on Achievement

2 Ismayani [49] Pengaruh Penerapan STEM Project-Based Learning terhadap Kreativitas 2016 213
Matematis Siswa SMK

3 Hanetal, [50]  The Effect of Science, Technology, Engineering, and Mathematics (STEM) 2016 136
Project-Based Learning on Students’ Achievement in Four Mathematics

Topics
4 Cinaretal., Views of Science and Mathematics Pre-service Teachers Regarding STEM 2016 100
[114]
5 Bicer et al., STEM Schools Vs. Non-STEM Schools: Comparing Students’ Mathematics 2015 75
[115] Growth Rate on High-Stakes Test Performance
6 Hadiyati et al., Development of Mathematics E-Module with STEM-Collaborative Project- 2021 54
[116] Based Learning (PjBL) to Improve Mathematical Literacy Ability of
Vocational High School Students
7 Leeetal, [117] Affective Mathematics Engagement: a Comparison of STEM PBL Versus 2019 48
Non-STEM PBL Instruction
8 Widana and Kemampuan Berpikir Kreatif dan Hasil Belajar Matematika Siswa 2021 46
Septiari [118] Menggunakan Model Pembelajaran Project-Based Learning Berbasis
Pendekatan STEM
9 Priatna et al., STEM Education at Junior High School Mathematics Course for Improving 2020 37
[119] the Mathematical Critical Thinking Skills
10 Octaviyani et Peningkatan Kemampuan Berpikir Kreatif Matematis Siswa melalui Model 2020 35
al., [120] Project-Based Learning dengan Pendekatan STEM
11 Viroetal, [121] Teachers' Perspectives on Project-Based Learning in Mathematics and 2020 35
Science
12 Jacques [122] What does Project-Based Learning (PBL) Look Like in The Mathematics 2017 33
Classroom?
13 Craftand Science, Technology, Engineering, and Mathematics Project-Based 2017 33
Capraro [123] Learning: Merging Rigor and Relevance to Increase Student Engagement
14 Capraro and STEM Integration in Mathematics Standards 2014 30
Nite [124]
15 Bowenand Exploring Authenticity Through an Engineering-Based Context in a Project- 2019 24
Peterson [125] Based Learning Mathematics Activity
16  Luneeva and Integration of Mathematical and Natural Science Knowledge in School 2017 24

Zakirova [126] Students’ Project-Based Activity
17 Chalimetal, Kemampuan Komunikasi Matematis Siswa SMK Ditinjau dari Self Efficacy 2019 19

[127] pada Setting Pembelajaran Project Based Learning Terintegrasi STEM

18 Anindayatiand  Kajian Pendekatan Pembelajaran STEM dengan Model PjBL dalam 2020 15
Wahyudi [128] Mengasah Kemampuan Berpikir Kreatif Matematis Siswa

19 Evansetal, Math Path: Encouraging Female Students in Mathematics through Project- 2018 12
[129] Based Learning

20 Hakimetal, STEM Project-Based Learning Models in Learning Mathematics to Develop 2018 9
[130] 21%-Century Skills

3.2 Research Development in the Field of PjBL Model with STEM Approach in Mathematics Education

Table 3 and Figure 2 show the development of the Project-Based Learning model using the STEM
approach in mathematics education research published in peer-reviewed journals indexed by Google
Scholar. Based on the data presented in Table 2, we found that the number of Project-Based Learning
models using the STEM approach in mathematics education research was 41 papers from 2014-2023.
There was one article in 2014, two in 2015, five in 2016, and five in 2017. In 2018, the number of
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published articles decreased sharply to just one. This decline occurred because, in 2018, people were
not familiar with the Project-Based Learning model combined with STEM in mathematics. At that
time, researchers mostly used other models or approaches. One of the approaches chosen was
Realistic Mathematics Education (RME). If we use the keyword RME in mathematics in the Google
Scholar search engine, we will find approximately 2550 results. Many researchers took this theme
because they believed RME could help students be active in learning mathematics [50].

In 2019 and 2020 the number of articles increased. This happened because, at that time, Covid-
19 occurred which caused the learning mode to change from offline to online, so it involved a lot of
technology in learning. Also, the learning system directed students to work on projects and of course
it required a Project-Based Learning model using the STEM approach in mathematics education. The
number of articles decreased again in 2021 and 2022. This decline did not last long because the
number of articles increased in 2023. Based on the analysis carried out, it concludes that the
popularity of Project-Based Learning model research with a STEM approach in mathematics
education tends to fluctuate. However, in 2023, interest in this research would likely increase again.
In mid-2023, the number of articles published had reached 6 articles and would probably increase
even more until the end of 2023.

Table 3
Development of PjBL model with STEM approach in
mathematics education research

Year of paper publications  Number of publications each year
2014

2015

2016

2017

2018

2019

2020

2021

2022

2023

Total

Average per Year

AR ODONUERL,UUNER
RN

U O N

S

O = N W

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
=@=Number of Publication

Fig. 2. Level of development of the PjBL model with STEM approach in
mathematics education research
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3.3 Publication Data Search Results

The application used in this research was VOSviewer because this application is usually used to
do computational mapping. The arithmetic assignment resulted in 106 elements. Each element in the
data mapping associated with PjBL model using STEM approach to mathematics education research
was divided into the following ten clusters.

(i)  Cluster 1 contained 14 elements marked in red. The 14 elements were higher-order
thinking skill, innovation, junior high school, learning activity, learning approach, PjBL
learning model, primary school, science learning, scientific approach, STEM education
program, STEM integration, STEM literacy, STEM teaching, and teaching model.

(ii)  Cluster 2 contained 14 elements marked in green. The 14 elements were based on
learning, challenge, experience, innovative approach, inquiry learning, learner, lesson,
modeling, PBL approach, pedagogical approach, progress, scientific reasoning, STEM
discipline, and STEM program.

(iii) Cluster 3 contained 14 elements marked in blue. The 14 elements were creative
thinking, creative thinking skill, elementary school, evaluation, integrated approach,
integrated STEM education, interdisciplinary approach, interdisciplinary project,
mathematical modeling, PjBL STEM, research method, student worksheet, and
technique.

(iv) Cluster 4 contained 12 elements marked in yellow. The 12 elements were high school,
influence, mathematics teacher, models, motivation, relationship, self-efficacy, STEM
career, STEM school, STEM student, student achievement, and teaching method.

(v)  Cluster 5 contained 11 elements marked in purple. The 11 elements were authentic
project, contribution, educational technology, effective approach, Geogebra, math
education, mathematics classroom, reality, researcher, standard, and student learning.

(vi) Cluster 6 contained 10 elements marked in sky blue. The 10 elements were 21 century,
content, integrated STEM, learning method, pedagogical method, science subject,
STEAM, STEM curriculum, STEM learning, and students’ creativity.

(vii) Cluster 7 contained 10 elements marked orange. The 10 elements were behavior, class,
discovery, improvement, learning process, model project, skills, STEAM project, stem
integrated project, and teacher education.

(viii) Cluster 8 contained 8 elements marked in brown. The 8 elements were alternative
approach, instructional method, mathematics project, STEM PBL, STEM PjBL, students’
attitude, subject, and teaching material.

(ix) Cluster 9 contained 3 elements marked pink. The 3 elements were middle school, STEM
education project, and teaching science.

(x)  Cluster 10 contained 3 elements marked in coral pink. The 3 elements were practice,
stem environment, and STEM subject.

The relationship between a term and another term is displayed in each existing cluster. Each term
is marked with a colored circle. The size of the circle for each strain varies according to the frequency
of occurrence of that strain [51]. The size of the circle label positively correlates with term occurrence
in titles and abstracts [52]. The more frequently a term occurred, the larger the size of the label [48].
The mapping visualization analyzed in this study consisted of three parts, namely network
visualization, density visualization, and overlay visualization [53].

Figure 3 shows a network visualization describing the relationship between terms. The
relationships between concepts were described in a coherent network. Figure 3 shows clusters of
terms commonly explored related to the Project-Based learning model research topic using STEM
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approach in mathematics education. The clusters in the network visualization showed that the
Project-Based Learning model with the STEM approach in mathematics education could be divided
into three areas. The first area was the teaching method. It had 18 total links, which were included
in cluster 4. The total link connection strength was 19 and the number of occurrences was 12.
Teaching method had a network with other terms, including integrated project, student worksheet,
influence, student achievement, high school, mathematics teacher, STEM student, self-efficacy,
STEM education program, learning activity, teaching model, 21 century, scientific reasoning,
progress, disciplinary stem, PjBL STEM, researcher, and standard. The second area was STEM learning
contained in cluster 6 with 15 total links, 15 total link strengths, and 11 occurrences. STEM learning
had a network with other terms, including STEM, students’ creativity, science subject, practice,
science learning, PjBL learning model, primary school, higher order thinking skill, experience,
teaching material, mathematics project, subject, contribution, and teaching science. The third area
was STEM PjBL. It was in cluster 8 with 13 total links, 15 total link strengths, and 10 occurrences.
STEM PjBL had a network with other terms, including skills, discovery, PjBL learning models, science
learning, learning activities, self-efficacy, teaching methods, high school, influence, middle school,
mathematics projects, teaching materials, and STEM learning.

stem education project
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Fig. 3. Network visualization of PjBL model with STEM approach in mathematics education keyword

Figure 4 shows the density visualization. Density visualization means that the brighter the yellow
colour and the larger the circle diameter marking a term, the more frequently that term occurs [52-
54]. This means that much research has been done on related terms. Vice versa, if the colour of a
term fades closer to the background colour, the research effort for that term is low. Based on Figure
3, research related to the term teaching method, STEM learning, integrated STEM education, model
projects, STEM PjBL, and pedagogical approach had a relatively high number of studies.

Figure 5 visualizes the overlay of Project-Based Learning models and STEM approaches in
mathematics education research. This overlay visualization shows the study novelty on related terms
[52,53,55]. Figure 5, which is clarified in Figure 6, shows that research on Project-Based Learning
models with STEM approaches in mathematics education was mainly conducted in 2019-2020. The
popularity of the PjBL model has long been known due to the STEM approach. As such, new research
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on Project-Based Learning models using STEM approach in mathematics education can be easily
created.

From this data, STEM PjBL was still mainly unrelated to other terms. Mapping results showed that
STEM education on PjBL had only 13 links associated with 13 terms. It contrasts with STEM learning
and teaching methods, which were highly related and often associated with different terms. From
this, we conclude that the Project-Based Learning model with the STEM approach, especially in
mathematics education, will likely be further explored and associated with other terms. This will have
an even more significant impact on the study novelty.

Based on the attribution of collected dissertation data, the keywords “Project-Based Learning
model with a STEM approach for Mathematics Education” had not yet been used in research. Most
research papers used only terms or disciplines related to STEM, PjBL, learning, and teaching methods.
Based on the findings of this research, research into Project-Based Learning models with newer and
more modern STEM approaches, especially in mathematics education, can be advanced.

Fig. 4. Density visualization of PjBL model with STEM approach in
mathematics education keyword
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Fig. 5. Overlay Visualization of PjBL Model with STEM Approach on
Mathematics Education Keyword
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2019 to 2020

Fig. 6. Overlay visualization of Project-Based Learning model with STEM approach in
mathematics education from 2019 to 2020

This study gives information for further development as reported elsewhere regarding several
subjects:
(i) Mathematics [56-84]
(ii) Biology [85-94]
(iii) Physics [95-100]
(iv) Chemistry [101-107]
(v) Engineering [108-113]

4. Conclusions

The study aimed to perform a bibliographic computer-assisted mapping analysis of research
articles. The publication theme of this research was "Project-Based Learning model with STEM
approach in Mathematics Education". Articles were pulled from the Google Scholar database via
Publish or Perish. Library data used in this study included titles and abstracts. Up to 41 relevant
articles were published from the search results from 2014 to 2023. The results showed that the
Project-Based Learning Model with the STEM approach, especially in mathematics education, had
increased from 2014 to 2016 at the same rate in 2016 to 2017. It decreased in 2018, then increased
again in 2019 until 2020. It again decreased in 2021 and 2022. Until finally, in 2023, it experienced
another increase. Publication figures for year 2023 could continue to increase due to data. This
research was taken in the middle of 2023. Research results showed that there were still many
research opportunities for Project-Based Learning models with STEM approach, particularly in
mathematics education and other related terms.
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