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Abstract

Research can change over time and can be influenced by technological developments, educational
trends, and current social issues. Developments on trends in mathematical representation research
over the past ten years are discussed in this systematic mapping study (SMS). The review research
question with the systematic mapping study method is about the trend of mathematical
representation research over the last decade and what new topics can be researched by future
researchers related to the themes of mathematical representation. The method used in this review is
the PRISMA method, which includes five stages carried out: 1) defining eligibility criteria, 2)
determining information sources, 3) data selection, 4) data collection, and 5) data collection. This
systematic mapping study starts from searching for articles on the topic of mathematical
representation during the last decade, namely the range of 2013-2023, articles obtained from the
scopus database in July 2023 with the keywords "representations" AND Mathematics" initial data
obtained 1907 articles after the exclusion process obtained 120 articles which were then analyzed
using R-Studio and Vos-Viewer tools. The results of SMS obtained the relationship of
representation topics in the last ten years of research with the issues of visual, computer software,
computer aid instruction, data mining, open source software, network architecture, natural language
processing systems, intelligent systems, and information analysis. In addition, research over the past
decade on representation has led to more data mining, data security, and STEM. Artificial
Intelligence or artificial intelligence is the latest topic that has grown over the past three years in
various articles that deal with the theme of mathematical representation and is accompanied by the
theme of multi-representation. The evolution of research topics related to mathematical
representations that used to be only associated with visual representations and image representations
now leads to computer programs, programming algorithms, and artificial intelligence. Research has
evolved over the past decade in implementing technology representations.
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INTRODUCTION

Mathematical representations are crucial in problem-solving. Mathematics is a
universal language used to describe and analyze phenomena in the real world (Ceccherini-
Silberstein et al., 2022; Peng et al., 2015; Tomita, 2018). In the context of problem-solving,
mathematical representations help in the following ways: 1) Better understanding:
Mathematical representations allow us to understand problems in greater depth. By
representing the problem in mathematical form, we can identify the patterns, relationships,
and underlying structures of the problem. It helps gain a richer understanding of the
problem and reveals the essence of what we want to solve; 2) Simplification of complexity:
Some complex problems can be simplified through mathematical representations. In
mathematics, abstract concepts can be used to represent complex real-world phenomena.
By translating problems into mathematical language, we can reduce their complexity into
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a more orderly and solvable form. 3) Analysis and modeling: Mathematical representation
allows us to analyze and model problems systematically.(Arakawa et al., 2022; Gao &
Chen, 2020; Giilkilika et al., 2015; Shestakova, 2018; Tan et al., 2022; Taxipulati & Lu,
2021). Through mathematics, we can develop equations, functions, and models that
describe problems mathematically. It helps us analyze problems' properties, find optimal
solutions, and predict outcomes using existing mathematical methods. 4) Clear
communication: Mathematics provides a clear and consistent language to communicate
about problem-solving. Mathematical representations allow us to share understanding and
solutions with others who use the same mathematical language. 5) Practical application:
Mathematics is the basis for many disciplines and practical applications. By representing
problems in mathematical form, we can apply various existing mathematical techniques
and methods to solve the problem. Mathematical representations allow us to benefit from
mathematical knowledge and tools developed over the centuries (Bouissou, 2020;
Brazhnikova, 2016; Kohlhase et al., 2017; Mazo & Baudrier, 2017).

The urgency of mathematical representation in problem-solving lies in its ability
to help us understand problems better, simplify complexity, analyze and model problems,
communicate clearly, and apply existing mathematical techniques to achieve desired
solutions. Mathematical representations provide a solid foundation for effective and
efficient problem-solving (Bakar et al., 2020; Castro-Alonso et al., 2021; Ikeda & Stephens,
2015). Over the past ten years, there has been a rapid increase in research on mathematical
representations related to machine learning and artificial intelligence. (Bai et al., 2015;
Bille et al., 2015; Greiner-Petter et al., 2023; Padalkar & Hegarty, 2015). Machine learning
methods such as neural networks, graph-based representations, and natural language
processing algorithms are essential in shaping this development. Graph representation —
graph-based mathematical representation — has been a significant research focus.
(Bomanson et al., 2016; Burigo & Da Rosa, 2021; Dorrek, 2017; Nitsch et al., 2015; Parta
et al., 2021; Shestakova, 2018; Waisman et al., 2014, 2023; Yu et al., 2022). Methods such
as graph network representation, learning-based graphing, and application of graph
representation in complex data modeling have become popular. (Cao et al., 2019; Sandie
et al.,, 2019; Tugtekin & Odabasi, 2022; Uysal, 2016). Research on mathematical
representations in natural language processing is proliferating. Mathematical representation
plays a vital role in data understanding, statistical analysis, and predictive model creation
in data science. Research on data representation methods and applications of big data and
multidimensional data continues to grow. Research on mathematical representation has
also developed in the field of education. The study of effective mathematics teaching and
learning strategies, including visual, semantic, and symbolic representations, has become
essential in finding ways to improve students' understanding of mathematics.

However, no exact data related to many publications and topic mapping has been
researched, even though this data is critical for academics to map the development of
studies on this topic from year to year. Therefore, the research questions presented in this
study are: How has mathematical representation research trended over the last decade, and
what new topics related to mathematical representation themes can future researchers
research?

METHODS

This research uses the Systematic Literature Review (SLR) method to identify
trends in translational topics between forms of representation in problem-solving and
identify new development opportunities for further research. The Elsevier scopus database
was identified as a source of literature search related to this research topic. Only the Scopus
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database was used for this study because it has far more data choices than other databases.
The search for electronic databases of scopus uses the terms "representations" AND
"mathematics". The initial articles obtained were 1907 documents, after inclusion with the
following criteria: 1) journal articles written in English, 2) papers in the field of social
sciences, and 3) articles published between 2013-2023 so that 207 documents were
obtained. The priority on dynamic structure in this systematic mapping study review looks
at how the characteristics of the representation theme are related to the field of
mathematics. In particular, we wanted to understand whether significant aspects of
mathematics teaching theory have used the concept of representation. Finally, we try to
understand how it relates to other significant topics in the representation and teaching of
open mathematics. Figure 1 presents the bibliometric and the recommended science
mapping workflow.
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Figure 1. Bibliometric and the recommended science mapping workflow

In general, the PRISMA diagram in the systematic mapping study is presented in
Figure 2. The PRISMA flowchart in Figure 2 describes the process of exclusion and
inclusion of representation-related articles. One thousand nine hundred seven articles were
obtained initially through the Scopus database with the search keywords "representations"
AND "mathematics." After going through the exclusion process by selecting articles from
reputable journals with Quartile Q4-Q1 on Scimagojr and selected articles related to
mathematical representation in learning, 120 articles were analyzed.
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Figure 2. PRISMA Flowchart for Systematic Mapping Study

RESULTS & DISCUSSION

A deep systematic mapping study uses R-Studio's tools on bibliometrix and Vos-
Viewer menus (Aria et al., 2020). Articles obtained in the scopus database, as many as 1907
documents from 2013-2023 (data taken in July 2023), were then analyzed using
Biblioshiny, and primary data was generated as follows.

4 biblioshiny

B Datz Main Information

Y Filters

Annual Growth Rate

-9.57 %

B Overview Timespan Sources Documents

> Main Information 2013:2023 871 1907

¥ Annual Scientific Production
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3 ThreeField Plot Authors of single-authore International Co-Authors| Co-Authors per Doc

3.19

B Sources 229 16-89 %

Author's Keywords (DE) Document Average Age

4209 4.74

127.0.0.1:7237 f¥shiny-tab-maininfo

Figure 3. Keywords “Representations” and “Mathematics”

Figure 3 shows that articles obtained from databases of scopus (problem-solving),
visual representations, mathematics imaging (image representation), and visualization
geometry (visual geometry) are essential topics that are often related to representation. The
topic of science, technology, engineering, and mathematics (STEM) and knowledge
representations is a topic that will develop in the future in research related to representation;
this is in line with the recommendations of the research conducted (Guo et al., 2021; Iancu
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et al., 2013; Munthe-Kaas, 2016; Sandie et al., 2019; Taxipulati &; Lu, 2021). Learning
systems, syntactics, and abstract syntax are also trends in research topics related to
mathematical representation. The development of these themes is relevant to the results of
research that provides research recommendations for the keywords "representations" and
"mathematics" over the past ten years from 871 sources, 4851 authors, 229 single authors,
16.89% international co-authors (Ceccherini-Silberstein et al., 2022; Selkéld et al., 2020).
The article growth percentage decreased by 9.57% per year, but the number of citations
increased with a coefficient of 7.417. The decrease in the number of articles and the
increase in citations are exciting findings on why this is so. One of the initial analyses is
the document's average age at a coefficient of 4.74; this illustrates that articles in the scopus
database are still growing with that ratio over 1 decade. To see one of the factors decreasing
the number of articles in more detail, then exclude data, which was initially 1907 articles
with various specific considerations and specific keywords on research variables related to
mathematical representation in depth excluded.

After going through the scopus document extraction process, 120 articles were
left from 102 sources with 367 authors, 20 single authors, and 21—67% co-authors.
Citations per document are 10.46, with the number of references reaching 4070. However,
the annual article growth is still at -3.97%, originally before the extraction process reached
-9.47%. The extraction and excluded data process is more clearly seen in Figure 4.

Timespan Documents Annual Growth Rate

2013:2023 120 -3.97 %

Authors Authors of single-authore International Co-Authors! Co-Authors per Doc

367 20 21.67 % 3.37

Author's Keywords (DE) References Document Average Age Average citations per doc

343 4070 4.69 10.46

Figure 4. Data After Going Through The Extraction Process

Figure 5 clearly shows the relationship between topic networks and the topic of
mathematics and knowledge information. In the last ten years, articles published in the
Scopus database illustrate the topics of visualization, computer software, computer aid
instruction, data mining, open source software, network architecture, natural language
processing systems, intelligent systems, and information analysis. Looking at this network
of topics, the latest themes or topics in research related to mathematical representation are
more directed towards visual representations that lead to data mining and computer
systems. According to (Aria Cuccurullo, 2017)This topic's networking function can map
interrelated themes in a study.
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Figure 5. Network Visualization 2013-2023

Exciting findings from a collection of articles in the Scopus database over the last
decade on the topic of research on mathematical representations related to data mining are
decision-making and data security. This shows that the increasingly rapid development of
technology, especially in data security, is strongly influenced by studies related to
mathematical representation. Decision-making skills are also a close part of the topic of
data mining and data security. If it is associated with learning, the topic of data mining is
related to e-learning and STEM. Specifically, in the topic network in Figure 3, mathematics
representations are related to codes, learning approaches, and learning representations.
Figure 6 confirms that this mathematical representation over the past ten years has had
much research on learning approaches and symbols.
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Figure 6. Networking Data Mining Topics
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Figure 7 shows that the topic of artificial intelligence is related to the topic of
mathematical representation in various studies of the last decade. Artificial intelligence is
related to data mining, computer programming, learning approaches, representation
learning, C++ programming, intermediate representations, flow graphs, and symbols. Flow
graphs and symbols have much to do with mathematical representation research. This
shows the role of graphic and symbol representation in various research contexts that raise
the theme of data mining. The opportunity to research these themes is very open for future
researchers.
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Figure 7. Network of Artificial Intelligence and Mathematical Representation Topics
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Figure 8. Multi-Representations Topics Related To Mathematical Problems

In addition to the topic of representation related to data mining and computer
programming, it turns out that multi-representation has many links. Figure 8 shows that
one of the links between multi-representation topics is the learning process, abstracting,
mathematical problems, word problem solving, and algorithms. The topic of multi-
representation networking is also in line with research conducted by (Helingo et al., 2019
Lemus et al., 2015 Sandie et al., 2019; Waite & Byrne, 2015), which states that in
mathematics learning, there is mostly more than one representation used by students,
closely related to the concept of multi-representation. Multi-representation is also closely
related to problem-solving and word problems (Greiner-Petter et al., 2023; Mainali, 2021;
Tan et al., 2022).
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Figure 9. Development Topics Related to Mathematical Representation

The significant improvement in mathematical topics is seen drastically in Figure 9.
Over the past 10 years, mathematics topics have increased from year to year, followed by
forestry, semantics, and algorithms. The development picture of this topic is related to the
relationship that topics always appear in every article on the topic of representation,
meaning every journal article over the last 1 decade that discusses definite representations
related to mathematics, algorithms, computing, semantics, and syntax. Research results
from (Taxipulati &Lu, 2021 Van Den Eynde et al., 2019) It is stated that the relationship
and development of research topics related to mathematical representation impact the
growth of research on representation, especially on semantics and algorithms.
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Figure 10. Development of Research Trends Related to Mathematical Representation

Research trends related to representation are shown in Figure 10. Problem-solving,
visual representations, mathematics imaging, visualization geometry, and other essential
topics are often associated with representation. STEM (science, technology, engineering,
and mathematics) topics and knowledge representations are topics that will develop in the
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future in research related to representation; this is in line with the recommendations of the
research conducted (Guo et al., 2021; Iancu et al., 2013; Munthe-Kaas, 2016; Sandie et al.,
2019; Taxipulati & Lu, 2021). Learning systems, syntactics, and abstract syntax are also
trends in research topics related to mathematical representation. The development of these
themes is relevant to the results of research conducted by (Ceccherini-Silberstein et al.,
2022; Selkala et al., 2020), which provide research recommendations on learning systems
and syntax related to representation.
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Figure 11. The Evolution of the Topic of Mathematical Representations

It is also clearly shown in Figure 11 that the evolution of the topic is divided into
2 phases: the first phase in 2013-2018 or 2013-2019, and the second phase in 2019-2023
or 2020-2023. In the first phase, the topics discussed were students, problem-solving with
representation, and trees (mathematical content). In contrast, in the second phase, they
evolved into discussions about learning systems, artificial intelligence, and computational
theory. Looking at the evolutionary trend, research topics related to mathematical
representation have led to computer theory and artificial intelligence. This aligns with
the research (Istadi et al., 2017; Mainali, 2021; Mbusi & Luneta, 2021; Parta et al., 2021).

CONCLUSION

During 2013-2023, research related to mathematical representations evolved from
visual and verbal representations in the presentation of mathematical ideas in classroom
learning towards representations related to technology. The topic of representation in the
last 10 years of research is connected to computer software, computer aid instruction, data
mining, open source software, network architecture, natural language processing systems,
intelligent systems, and information analysis. In addition, the topic of representation also
leads to data mining, security of data, and STEM. Artificial Intelligence or artificial
intelligence is the latest topic that has grown over the past 3 years in various articles, raising
the theme of mathematical representation accompanied by the theme of multi-
representation. Multi-representation is the main topic of discussion in various articles that
relate the topic of representation to STEM, programming algorithms, and various computer
technologies designed based on the concept of representation.
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