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ABSTRACT

Mathematical reasoning is an important aspect of mathematics education that involves logical
thinking, problem analysis, and drawing conclusions based on existing data. Realistic Mathematics
Education (RME) connects mathematical concepts with real situations that train students' logical
thinking so that reasoning skills tend to improve. Therefore, it is important to analyze the
development of RME research on reasoning skills. This analysis presents a bibliometric analysis of
the literature on RME-based learning to improve mathematical reasoning, using data from Google
Scholar accessed through the Publish Or Perish software and analyzed with the help of VOSViewer
software. Through keyword searches for "RME" and "Mathematical Reasoning”, 167 relevant
documents were analyzed based on performance analysis, citation metrics, co-words, and co-
authorship networks. The analysis reveals that publications on RME-based learning to improve
reasoning skills have increased recently, although from 2008 to 2016 it was less than 4 per year.
Indonesia has made significant contributions to RME research, with many of its authors actively
involved in this field. The analysis identifies recent trends in advancing reasoning skills, including
exploring topics such as the use of technology, media integration, hybrid learning models, and
various approaches in RME-based teaching. In addition, this analysis highlights the potential for
further research on the use of student worksheets as a widely applied learning medium in RME-based
education to improve mathematical reasoning.
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PRELIMINARY

Mathematics, as the study of numbers and the interconnected science of logic, is
categorized into three primary domains: algebra, analysis, and geometry (Yolanda et al.,
2019). Its objectives include developing the ability to understand mathematical concepts,
explain the relationships between them, and apply these concepts or algorithms with
flexibility, accuracy, efficiency, and precision in problem-solving contexts (Kholifah et al.,
2021). Within mathematics education, the discipline includes the practice of teaching and
learning mathematics, complemented by scientific research in the field. The main aim of
mathematics education is to help students gain a solid understanding of mathematical
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concepts, build critical thinking skills, and apply mathematical knowledge in everyday life
(Yudha, 2019), mathematics makes to carry out various activities (Khalifah et al., 2023).

As technology and scientific advancements continue to evolve, mathematics
education has incorporated innovative approaches such as Realistic Mathematics Education
(RME) and Contextual Learning (Muah, 2022). RME, developed in the Netherlands during
the 1970s by Hans Freudenthal and his team at the Freudenthal Institute, highlights the
importance of connecting mathematical instruction to real-world contexts that are relevant
to students’ lives (Aini, 2017; Ardianingsih et al., 2020). This approach aims to make
mathematics more engaging and meaningful, helping students recognize its practical uses in
everyday scenarios (Ericko & Musdi, 2018).

The implementation of RME-based learning has shown significant positive effects
on students' mathematical reasoning abilities. Research shows that students taught using the
RME approach develop a deeper and more practical understanding of mathematical concepts
compared to those taught using traditional methods (Ariati etal., 2022). For example, a study
conducted at State Senior High School 1 Lahat found that integrating RME significantly
improved student performance. Additionally, RME supports the development of critical and
analytical thinking skills, as well as collaboration and problem-solving abilities (Desvita,
2020).

Further studies emphasize that RME improves students' critical thinking skills within
interactive and collaborative learning environments (Maulia et al., 2023). A meta-analytical
investigation confirms these findings, revealing that RME significantly enhances
mathematical reasoning, with an effect size (ES) of 0.736, equating to a 74% improvement
(Sari et al., 2024). These outcomes show that RME not only helps students understand
mathematical concepts more effectively but also strengthens their reasoning and problem-
solving abilities.

Recent bibliometric analyses indicate an increasing adoption of RME across various
educational levels. These studies suggest that RME has a moderate yet significant impact on
improving students’ mathematical problem-solving skills (Widana, 2021). In Indonesia, a
bibliometric review of RME research highlights its substantial contributions to improving
the quality of mathematics education. This analysis also identifies emerging trends in RME-
related research, reflecting its growing acceptance among educators worldwide (Fitriyah &
Dasari, 2023).

The range of RME research has expanded beyond single aspects, demonstrating its

potential to improve the overall quality of mathematics education. These findings align with
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broader studies that highlight RME’s key role in preparing students for 21st-century
challenges, particularly through the development of real-world problem-solving skills
(Widana, 2021).

Mathematical reasoning is a fundamental component of mathematics education,
encompassing the ability to think logically, analyze problems, and draw conclusions from
available data. It is often considered an essential indicator of success in understanding and
solving mathematical problems (Marfu’ah et al., 2022). Consequently, there is a strong
relationship between Realistic Mathematics Education (RME) and mathematical reasoning.
However, research focusing on how RME enhances reasoning skills remains relatively
underexplored. A study by Risma Yanti Anggani highlighted that the application of RME
to improve reasoning skills has received limited attention in Indonesia’s mathematics
education literature (Yanti Anggani et al., 2019). This gap presents an opportunity for new
studies that examine RME’s impact on reasoning, while also considering insights from
existing research. Literature reviews serve as an effective tool for researchers to identify
trends, recognize knowledge gaps, and ensure that new investigations contribute original
insights rather than duplicating prior work (Yam, 2024). To this end, bibliometric analysis
is a critical method for producing research that is both innovative and impactful.

Bibliometric analysis is a quantitative research method that utilizes bibliographic
data to evaluate and analyze scientific publications, citations, and research patterns in a
particular field. This approach involves collecting and processing data from diverse sources
to uncover research trends, collaboration networks, and the influence of publications
(Donthu et al., 2021). It is widely applied to study the characteristics of academic outputs,
including journal articles and conference proceedings. Beyond the natural sciences,
bibliometric methods have been applied to social sciences, health sciences, management and
business, as well as environmental and earth sciences (Angraini & Muhammad, 2023).

In the context of RME, bibliometric analyses have offered valuable insights into
research trends within mathematics education. For example, a study by Lilis Angraini and
ITham Muhammad (2023) found that RME’s focus on realistic problem contexts was
particularly effective for online learning during the pandemic. Their analysis also identified
a growing integration of RME with digital technologies to enhance student outcomes
(Angraini & Muhammad, 2023). Another bibliometric study, examining RME research in
Indonesia from 2012 to 2023, revealed a significant increase in related publications,
collaborations among researchers, and three primary research clusters: RME, learning

outcomes, and mathematics. Key research topics included conceptual understanding,
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problem-solving, communication, critical thinking, and reasoning. The study also noted that
most research activity occurred in Sumatra and Java, with the journal *Aksioma* recognized
as the most influential publication outlet in this area (Fitriyah & Dasari, 2023).

This bibliometric analysis focuses specifically on examining the development of
RME research aimed at improving mathematical reasoning skills. In addition, it also presents
new research opportunities along with reference sources that can be used in the research to
be carried out. By concentrating on this particular aspect, this study seeks to provide a clearer
understanding of RME's contribution to developing reasoning skills which are essential in

mathematics education.

METHODS

This study utilizes a bibliometric analysis to examine reference data from articles
across various journals, employing a quantitative approach. Bibliometric analysis serves as
a valuable tool for measuring and evaluating different facets of scientific literature, such as
author productivity, journal impact, and citation patterns (Jalinur, 2024). This method
enables researchers to identify research trends, evaluate the productivity and impact of
scholarly works, and track metrics such as publication counts, citation frequencies, and h-
index scores (Herawati et al., 2022). Conducting bibliometric research involves a systematic
process of collecting, analyzing, and interpreting bibliographic data (Eck & Waltman, 2014).
The bibliometric analysis in this study was conducted through a series of structured
procedures. The initial stage involved gathering documents and publications pertinent to the
research topic. This process aimed to capture relevant publications through the use of
comprehensive keywords to ensure precise results. he data used in this analyze was taken
from publications on Google Scholar as a database with a wide scope and supports cross-
disciplinary research (Umami et al., 2024). Data were collected from Google Schoolar
database via the Publish or Perish software, using the keywords "RME" and "Reasoning
Ability" concurrently. Only documents published between 2000 and 2023 were included in
the search, because research related to RME has grown rapidly since the beginning of 2000
(Prahmana et al., 2020). In addition, the 2000 to 2023 range provides sufficient data to
analyze trends and understand how RME is adapting to curriculum changes. From the
search, 944 publications were obtained, covering national and international sources.
Subsequently, a selection process was implemented to identify documents aligning with the
research objectives: publications that address both RME and reasoning ability withinasingle

document, without imposing restrictions on study subjects within the selected documents.




Risantika, Effie Efrida Muchlis, Anny Sovia, Edi Susanto, Ringki Agustinsa

This selection resulted in 167 relevant documents, encompassing both Indonesian and
international sources. The figure below illustrates the stages involved in acquiring the

relevant documents for this research.

Identification

Total number of articles retrieved from
the Publish or Perish database (n = 944)

Screening
Total mummber of artiches remaining afier
selection (n = 167)

|

Inclusion

Total number of articles remaining afler

inclusion (n = 167)

Eligibitity

Total number of studies on RME included
in this bliometric analysis (n = 167)

(Fitriyah & Dasari, 2023)

Figure 1. Document Selection Process

Once relevant publications have been identified, the selected documents undergo data
analysis and interpretation through various methods, including performance analysis, co-
word analysis, citation analysis, and author network analysis. The findings are then
visualized as tables, graphs, or figures using specialized software to enhance readability and
facilitate comprehension. For metadata analysis and visualization, this study utilizes
VosViewer, a tool that assesses documents based on bibliographic associations—such as
geographical location, journal, institution, author, and the co-occurrence of keywords—
presented through network visualizations (Herawati et al., 2022). Additionally, narrative
interpretations accompany these visualizations to elucidate key trends and insights from the
VosViewer analysis, highlighting significant findings (Fitriyah & Dasari, 2023).

As previously described, this study’s data analysis and interpretation encompass
several distinct types of analyses. Performance analysis examines the annual publication
trends on the topic, assessing the pace of its development. Citation analysis measures how
frequently articles within the selected documents are cited as references in other works
(Muhammad & Triansyah, 2023). Co-authorship analysis maps relationships among authors,
identifying collaborative networks and influential groups within the field. Co-word analysis,
on the other hand, explores associations between terms found in the titles, abstracts, and
keywords of the selected documents (Farida, 2020). Both co-authorship and co-word
analyses are conducted using VosViewer, which generates network, overlay, and density

visualizations to represent the analysis results.
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RESULTS AND DISCUSSION

The collection of publications on Realistic Mathematics Education (RME) with a
focus on enhancing reasoning skills, both in Indonesia and internationally, resulted in 167
relevant publications from the period 2000 to 2023. These publications were sourced from
the Publish or Perish database and subsequently selected for further analysis using the
VosViewer software. Additionally, Microsoft Excel was utilized to facilitate the extraction
of supplementary information required for this study.
1. Performance Analysis

The performance analysis assesses the evolution of publications and citations
related to RME’s role in improving reasoning skills. Although the initial search in the
Publish or Perish database encompassed publications from 2000 to 2023, screening and
selection revealed that the earliest relevant study on RME’s impact on reasoning skills
appeared in 2010. This study, conducted by Yumiati and Tarhadi, is titled "The Impact of
Implementing a Realistic Mathematics Model on Enhancing Deductive Reasoning Skills
of Middle School Students in Parung, Bogor District."

This observation is consistent with prior research, which indicates that studies on
RME from 2000 to 2010 were primarily concerned with other skill areas, such as problem-
solving, mathematical connections, critical and creative thinking, and collaboration (Son et
al., 2020).

Table 1. Number and Percentage of Publications on RME Aimed at Improving
Reasoning Skills (2008-2023)
Number  of

No  Year of Publication Publicati Percentage
ublications

1 2008 2 1,2%
2 2009 1 0,6%
3 2010 1 0,6%
4 2011 1 0,6%
5 2012 0 0,0%
6 2013 3 1,8%
7 2014 0 0,0%
8 2015 3 1,8%
9 2016 0 0,0%
10 2017 7 4,2%
11 2018 9 5,4%
12 2019 19 11,4%
13 2020 23 13,8%
14 2021 56 33,5%
15 2022 14 8,4%
16 2023 28 16,8%

Total 167 100,0%
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Between 2010 and 2016, research on Realistic Mathematics Education (RME) with
a focus on improving reasoning skills was sparse, with no publications on this topic
appearing in 2012, 2014, or 2016. From 2017 to 2021, however, publications on RME’s role
in enhancing mathematical reasoning began to increase markedly, reaching a peak of 56
documents in 2021. In 2022, the number of publications declined sharply by 75%, with only
14 publications, but this number rebounded to 28 in 2023.

This trend corresponds with broader analyses of RME research in mathematics
education, which indicate an increase in RME studies during the pandemic, particularly
those focused on adapting instructional methods for online learning (Angraini &
Muhammad, 2023). The growth trajectory of RME publications aimed at enhancing
reasoning skills from 2008 to 2023 is depicted in the line graph below.

EQ
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The Publication by Year

Figure 2. Growth of RME Research Publications Aimed at Enhancing Reasoning
Skills
2. Citation Analysis

This analysis aims to identify key documents that have significantly contributed to
the field of RME, particularly in enhancing mathematical reasoning skills. One such
influential document is titled "Improving the Reasoning Ability of Elementary School
Students through the Indonesian Realistic Mathematics Education,"” authored by Muhamad
Saleh, Rully Charitas Indra Prahmana, Muhammad Isa, and Murni. This paper has an H-
index and has been cited 202 times since its publication in 2018.

Prof. Dr. Muhamad Saleh, a leading figure in mathematics education, is well-known
for his contributions to the development of Realistic Mathematics Education (RME) in
Indonesia (Saleh et al., 2017). Dr. Muhammad Isa, an academic and researcher in
mathematics education, also contributed to this field. Prof. Dr. Rully Charitas Indra

Prahmana, S.Si., M.Pd., a professor at the Department of Mathematics Education at
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Universitas Ahmad Dahlan (UAD), Yogyakarta, has research interests in Ethnomathematics,
Design Research, and Realistic Mathematics Education.

The paper was published in the Journal on Mathematics Education (IndoMS-JME),
a journal co-published by Universitas Sriwijaya and the Indonesian Mathematical Society
(IndoMS). This journal is indexed in Scopus (Q1) and had a CiteScore of 4,700 in 2022.
Bibliometric analysis and various studies highlight Indonesia as the leading country in RME
research, evidenced by the substantial number of articles published in Indonesian
mathematics education journals, such as Journal on Mathematics Education (IndoMS-JME),
as well as national seminar proceedings (Tamur et al., 2020).

Of the 167 documents analyzed, these publications were dispersed across a variety
of journals. The following table lists the top 10 journals that published the most RME-related
documents.

Table 2. Journals with the Highest Number of Publications from the 167 Analyzed
Documents
No Journal Name Number of Documents

Jurnal Pendidikan Matematika Universitas Sriwijaya
Journal on Mathematics Education UNESA
Mosharafa: Jurnal Pendidikan Matematika

6
6
5
AKSIOMA: Jurnal Program Studi Pendidikan 5
Matematika 5
Jurnal Riset Pendidikan Matematika UNY
Journal of Mathematics Education UNNES 5
Jurnal MathEdu (Mathematic Education Journal) 4
ZERO: Jurnal Sains, Matematika Dan Terapan 4
4
3

© oo ~NOoO OB~ WDN P

UNNES Journal of Mathematics Education
Research
Jurnal Pendidikan Guru

=
o

The data indicates that Jurnal Pendidikan Matematika and Journal on Mathematics
Education are the most frequent publishers, each with six documents. Jurnal Pendidikan
Matematika (JPM) is published by Universitas Sriwijaya in collaboration with the
Indonesian Mathematical Society (IndoMS). JPM has been indexed in Scopus since June
2024 and holds a Sinta 2 accreditation. On the other hand, Journal on Mathematics Education
(JME) is a peer-reviewed journal focusing on mathematics education research, published by
Universitas Negeri Surabaya in collaboration with IndoMS. JME has been indexed in Scopus
since 2020 and holds a Sinta 1 accreditation. In 2020, JME achieved a CiteScore of 4.300

and has accumulated 12,402 citations over the past five years.
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3. Co-Authorship Analysis

The third analysis aims to explore the social interactions among authors involved in
research on RME (Realistic Mathematics Education) focused on enhancing reasoning skills.
To conduct this analysis, we selected authors who had published at least two documents.
This resulted in the identification of 29 authors, some of whom are interconnected, while
others are not (see Figure 3).
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Figure 3. Co-authorship Network Visualization

As depicted in Figure 3, the 29 authors are grouped into several clusters. The red
cluster consists of Fauzan, A., Arwana, |., Ulfah, A. S., Yerizon, Y., and Permana, D., whose
research examines the impact of the RME approach on mathematical problem-solving skills
and compares its effectiveness to other approaches. The blue cluster includes Prahamana,
R. C. I, Isa, M., and Saleh, M., who focus on the effectiveness of RME in enhancing
students' mathematical understanding and skills, as well as how RME can foster better
mathematical abilities through a realistic and contextual approach. The green cluster
includes Pratiwi, D. D., Mujib, M., and Apriani, D., whose work investigates the application
of RME to improve students' learning outcomes in mathematics and how it facilitates a
deeper understanding of mathematical concepts, ultimately enhancing critical thinking
skills. In the fluorescent blue cluster, Juandi, D., and Ariati, C. conduct meta-analyses to
review various studies, particularly those addressing the improvement of problem-solving
abilities. The orange cluster comprises Putri, R. I. 1., and Zulkardi, Z., who explore the
influence of RME on conceptual understanding. The yellow cluster consists of Tong, D.
H., Ngan, L. K., and Uyen, B. P., who focus on the development of e-modules related to
RME. The purple cluster includes Subiyantoro, S., and Ardiniyawan, D. Y., while the
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brown cluster is made up of Pramusinta, N., and Rejeki, S. Other authors, such as Palinussa,
A. L., Purwadi, I. M. A, Sulianto, J., Armiati, A., Urrohmah, A., Ndiung, S., and Andresen,
M., are placed in separate clusters, indicating they are solo authors in their respective RME
publications. Specifically, Palinussa, A. L. investigates the impact of RME on critical
thinking and mathematical communication skills, Purwadi, I. M. A. links RME with the
Concrete-Pictorial-Abstract (CPA) strategy, Armiati, A. studies RME’s effect on problem-
solving, Urrohmah, A. examines RME’s influence on reasoning skills, and Ndiung, S.

explores how RME principles relate to the Treffinger learning mode.

M VOSvewet

Figure 4. Density Visualization of Co-Authorship Analysis at the Author Level

A review of the most productive researchers based on reference manager data, with
a minimum threshold of two publications per author, reveals that authors in the red cluster
are among the most prolific in disseminating research findings. According to Google Scholar
data, Ahmad Fauzan, a prominent researcher in mathematics education at Universitas Negeri
Padang, has published over 100 scholarly works on Realistic Mathematics Education
(RME). Many of Fauzan’s publications in RME are collaborative efforts with researchers
both within Indonesia and internationally, including notable scholars like Tjeerd Plomp and
Koeno Gravemeijer.

I Made Arwana, a mathematics professor at Universitas Andalas Padang, has
published over 40 works, with 15 specifically focused on RME. Atikah Suryani Ulfah has
produced approximately 5-10 publications related to RME, while Yerizon Y, also affiliated
with Universitas Negeri Padang (UNP), has contributed more than 20 articles on RME.
YerizonY, aprofessor of mathematics education with both aPh.D. and M.Si. in mathematics
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education, is recognized for his significant contributions to RME-centered mathematics

instruction and research.
4. Co-Word Analysis

This analysis highlights and explores frequently occurring keywords associated with
Realistic Mathematics Education (RME) research, specifically in studies aimed at enhancing
mathematical reasoning skills. It provides a comprehensive view of keyword trends from
2008 to 2023. Keywords with a minimum occurrence threshold of three were selected,
resulting in 67 interconnected terms that reveal common themes and areas of focus in the
field.
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Figure 5. Network Visualization of the Most Frequent Co-Words in RME
Research on Enhancing Mathematical Reasoning Skills

Figure 5 highlights several key topics that could serve as valuable focal points for
writing or conducting research related to Realistic Mathematics Education (RME). When
a network visualization with "mathematics education™ as the central term, this analysis
reveals direct connections between mathematics education and terms such as RME,
mathematical problems, mathematical concepts, reasoning skills, low reasoning ability,
influence, PMRI, mathematical reasoning skills, challenges, thinking, communication
skills, improvement, application, effectiveness, implementation, testing, issues, and
Indonesia. Then the focus shifts to "reasoning ability™ as the central node, reasoning ability
is closely linked to terms including mathematical reasoning ability, RME, processes,
influence, low reasoning ability, mathematics education, impact, challenges, effectiveness,
application, testing, elementary education, PMRI, and Indonesia. Next "Realistic
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Mathematics Education™ (RME) is the central focus, the key terms associated with RME
include importance, achievement, effectiveness, practical application, case studies,
reasoning ability, mathematics education, mathematical reasoning ability, and concepts.
This network provides insight into the themes and connections that are central to RME
research. Last, when centers on "mathematical reasoning ability" and illustrates its direct
connections to mathematics education, reasoning skills, testing, Realistic Mathematics
Education (RME), concepts, and applications.

This data suggests that, while RME has engaged with mathematical reasoning in at
least three related documents, the specific media or innovations applied within RME to
enhance mathematical reasoning, particularly in the context of mathematical reasoning
ability, remain largely unexplored. Furthermore, studies on RME and reasoning
development have not yet established direct connections with the use of LKPD (Student
Worksheets) and educational technologies—recent innovations in contemporary education.
This observation aligns with the findings of Lilis Marina Angraini and Ilham Muhammad
(2023), who reported that while RME frequently appears in mathematics education research,
its connections to other key concepts, such as LKPD, are underrepresented (Angraini &
Muhammad, 2023).
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Figure 6. Overlay Visualization of the Most Common Co-Word Analysis for RME
in Reasoning Skill Development
Further analysis using overlay visualization identified recently emerging keywords,
as depicted in Figure 6, with a minimum occurrence of one per keyword. This analysis
reveals several new terms in RME research related to reasoning enhancement, including

"mathematics animation video,” "collaborative learning,” "blended learning,"
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"development research,” "design research,” "interactive multimedia,” "Freudenthal,"”
"creation,” "brain,"” "religious values,” "Aliyah student,” "five fundamental principles,"
"quadrilateral material,” and "calculator.” These keywords can be organized into broader
categories for further examination.

The reference to "Freudenthal” pertains to Hans Freudenthal, a Dutch mathematician
who pioneered the RME theory, which later led to PMRI (Indonesian Realistic Mathematics
Education), a culturally adapted version developed by Professor Dr. Suyanto. This focus
in recent years on PMRI is evident in research on RME. For instance, a chapter in Two
Decades of Realistic Mathematics Education in Indonesia by Zulkardi, Ratu IIma Indra
Putri, and Aryadi Wijaya details the adaptation of RME within the Indonesian context,
including various PMRI implementation strategies. Moreover, concerning instructional

interactive multimedia,

media, "mathematics animation video, quadrilateral material,"
and "calculator” represent technology-integrated resources. The application of technology
in learning has demonstrated positive impacts, including improved conceptual
understanding, personalized learning experiences, enhanced motivation and engagement,
and opportunities for collaborative learning (Hattie, 2022). Research from the past five
years also indicates that integrating technology within RME not only increases student
engagement but also facilitates a deeper comprehension of mathematical concepts (Gusteti
et al., 2023). As Gravemeijer notes in Developing Realistic Mathematics Education,
technology can support discovery-based learning—a key RME principle (Romo Vazquez,
2015). Additionally, recent studies increasingly utilize blended learning and collaborative
learning models within RME. Design and development research methodologies have also

emerged as significant approaches in RME studies over the last two years.

CONCLUSION

An analysis of 167 relevant documents on RME with the aim of enhancing
mathematical reasoning skills, conducted via bibliometric analysis, indicates the
development of publications in this field from 2008 to 2016 less than 4 publications per year,
followed by an increase from 2017 to 2021, though a decrease in publication rates occurred
in 2022. Indonesia has been a major contributor to RME research from 2008 to 2023,
particularly in advancing RME through PMRI, which integrates cultural elements.
Indonesian authors have been notably influential in RME research output. Recent studies
reveal that technology-based media, as well as blended and collaborative learning models,

have been applied to support reasoning skill development in RME. Design and development
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research methodologies have similarly supported RME-based learning. This study suggests
that future research should further explore emerging RME topics, such as technology, media,
instructional models, and alternative learning approaches. Additionally, investigating the
role of LKPD a widely used educational medium in enhancing mathematical reasoning

within RME would align with the recommendations of prior research.
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