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 Mathematical representation is one of the skills that students need to master 

because it can help them in various problem-solving tasks. This research is a 

literature review of articles related to mathematical representation in mathematics 

education. The articles are those published in journals indexed by Scopus from 

2020 to 2024. The results of this study indicate that there has been an increase in 

the number of studies on mathematical representation in mathematics education 

from 2023 to 2024, with qualitative research being the most commonly used 

design. Test sheets are also frequently used to measure mathematical 

representation, while this area of research is largely focused on the social sciences. 

The United States has become the country with the highest number of studies 

related to mathematical representation in mathematics education over the past four 

years, with frequently appearing keywords being teachers and students, in addition 

to students being the most involved participants. Based on these findings, several 

recommendations for future research are proposed, namely the increased 

frequency of classroom action research to investigate the ability of mathematical 

representation in learning is highly necessary, as well as the development and 

collaboration of research instruments, such as combining test sheets with 

observation instruments to observe students' processes in using mathematical 

representation when solving problems or understanding mathematical concepts. 

Keywords 
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Systematic review 

 

 

Introduction 

 

Mathematical representation plays a very important role in mathematics learning (Anwar et al., 2019; Dung & 

Dang, 2024; Khairunnisak et al., 2021; Rahmawati & Anwar, 2020), as it greatly impacts students' ability to 

understand abstract concepts and facilitates them in solving mathematical problems (Bouck et al., 2023). Each 

student is expected to be able to develop mathematical representation skills and apply them flexibly in problem-

solving situations using various representations such as symbols, diagrams, graphs, images, and other visual aids 

(Alghamdi et al., 2020; Gvozdic & Sander, 2020; Manoharan & Kaur, 2023). Therefore, a quality mathematics 

learning process (Cerezci, 2021; Cowie, 2024) needs to provide opportunities for students to explore and enhance 

their mathematical representation skills. 
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Mathematics learning needs to create an interactive learning environment and support students in developing 

mathematical representations, so students need to be encouraged to use various representation tools and 

techniques, such as diagrams, graphs, physical models, spatial representations, and mathematical software 

(Bonafini & Lee, 2021; Harris et al., 2023; Paoletti et al., 2022). In this regard, teachers must also be able to design 

collaborative learning activities that enable students to share ideas and discuss ways to represent mathematical 

problems to avoid misunderstandings (Campbell & Baldinger, 2021; Miller et al., 2020). By assigning challenging 

and relevant tasks, students can connect mathematical concepts with real-world situations, allowing them to 

understand and interpret problems well through mathematical representations (Ayan-Civak et al., 2024). This 

approach not only enhances students' representation skills but also develops the critical and creative thinking 

necessary to solve complex problems (Moleko & Mosimege, 2021; Savard, 2022). Therefore, the exploration of 

mathematical representations must be an integral part of an effective mathematics learning process. 

 

Unfortunately, the potential and benefits of mathematical representation in problem-solving as well as in 

mathematics education have not been fully developed (Miller & Armour, 2021). This situation occurs because 

some teachers still struggle to design effective learning (Mason, 2023). As a result, the level of students' 

mathematical representation skills is still relatively low (Bouck et al., 2024; Rexigel et al., 2024; Rojo & Wakim, 

2023). However, mathematical representation skills are very important for students to be able to face various types 

of existing problems (Bouck et al., 2023; Khairunnisak et al., 2021). 

 

Although there have been many previous studies discussing mathematical representation, there are still few studies 

that systematically map the development of mathematical representation studies based on literature reviews or 

scientific references taken from the Scopus database. Several previous studies have examined the use of 

mathematical representations in the context of problem-solving (Cuevas-Vallejo et al., 2023; Cui et al., 2024; 

Freiman & Fellus, 2021; Lei & Xin, 2023; Verschaffel et al., 2020). However, until now, research on mathematical 

representation in mathematics education has not had a well-structured mapping of study developments. As a result, 

subsequent research lacks a clear scientific framework for developing mathematical representations. Therefore, 

further efforts are needed to develop a more focused and systematic study in this field. 

 

Using content analysis on several articles published in Scopus-indexed scientific journals from 2020 to 2024, this 

research aims to gather information on various studies discussing mathematical representation in mathematics 

education. In detail, this research aims to answer the following questions: 1) How has the trend in the number of 

studies on mathematical representation changed from year to year? 2) What types of research are often used in 

conducting studies on mathematical representation? 3) What instruments are used in data collection? 4) What field 

area investigates mathematical representation the most? 5) Which country conducts the most research to observe 

the development of mathematical representation? 6) What keywords do researchers use to investigate 

mathematical representation? and 7) What educational levels are most commonly involved in research related to 

mathematical representation?. 

 

This research applies the Systematic Literature Review (SLR) method with the aim of answering a specific 

question, namely how the development of research related to mathematical representation in mathematics learning 
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published in international journals indexed by Scopus over the past four years, from 2020 to 2024. These specific 

questions are explained through more specific sub-questions, namely: 1) how is the trend in the number of studies 

on mathematical representation from year to year? 2) What types of research are often used in conducting studies 

on mathematical representation? 3) What instruments are used in data collection? 4) What field area investigates 

mathematical representation the most? 5) Which country conducts the most research to observe the development 

of mathematical representation? 6) What keywords do researchers use to investigate mathematical representation? 

and 7) What educational levels are most commonly involved in research related to mathematical representation?. 

 

Methodology 

 

The research question above will be explained procedurally according to the general standards of a Systematic 

Literature Review (SLR). This process includes several steps, namely: first, determining the main keywords for 

article retrieval from the Scopus database, which are "mathematical representation" and "learning"; second, 

specifying the type of documents to be retrieved, which are journals indexed in Scopus; third, limiting the 

publication period of articles between 2020 and 2024; fourth, determining the type of file to be reviewed, which 

is the RIS file; fifth, selecting a reference management application, which is Mendeley; sixth, using the 

VOSviewer application; and finally, analyzing the articles with the VOSviewer features to visualize the network 

between keywords and identify the most researched keywords. 

 

 

Diagram 1. Stages of Article Retrieval 
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The stages of this research were conducted according to the PRISMA (Preferred Reporting Items of Systematic 

reviews and Meta-Analyses) protocol, namely identification, screening, and inclusion of articles from the Scopus 

database (Rethlefsen et al., 2021). The identification stage is related to the initial phase of article retrieval, which 

is carried out by registering an account on the premium Scopus database; logging in with an official account, and 

entering the terms "mathematical representation" and "learning" in the article search column on Scopus. At this 

stage, 578 articles appeared, in addition to 25 articles from other sources. Then, they were strictly verified, 

resulting in the discovery of 387 duplicate articles. The screening stage, which is the stage to determine the number 

of articles recorded from the Scopus database and aligned with the chosen study topic, while there are articles that 

are not well recorded related to the ease of full paper access; inappropriate subject areas; references not from 

scientific journals; the language used is not English; and establishing 69 articles that are strictly verified and 

validated. 

 

Results  

Number of Publications 

 

The number of published articles reflects the amount of research conducted over a specific period. Based on the 

graph displayed in Figure 1, articles discussing mathematical representation have been published from 2020 to 

2024 in Scopus-indexed journals. From Figure 1, it can be seen that the highest number of publications occurred 

in 2024 within that time frame. The trend of increasing publication numbers on the topic of mathematical 

representation indicates a significant growth in researchers' interest in exploring this topic. 

 

 

Figure 1. Trend in the Development of the Number of Research with Mathematical Representation as the Main 

Focus in Scopus over 4 Years 

 

Most of the research conducted began with the identification by researchers that many students have limitations 

and difficulties in using mathematical representations in problem-solving (Bouck et al., 2024; Lewis et al., 2020; 

Mason, 2023; Rodrigues et al., 2024; Rojo & Wakim, 2023; Shumway et al., 2020; Verschaffel et al., 2020). 

Therefore, several researchers have made various efforts to enhance effective mathematical representation skills, 
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even using technology (Lee, 2021; Rocha, 2020; Tirkas & Panaoura, 2020; Vahey et al., 2020).  

 

Research Methodology 

 

Research methods and design are important aspects in determining the focus of a study. Based on Figure 2, 

qualitative research is the most dominantly used design by researchers to investigate mathematical representations. 

 

 

Figure 2. Distribution of Research with Mathematical Representation as the Main Focus Based on Research 

Method 

 

The number of qualitative studies is higher compared to quantitative studies. This is in line with the research 

(Gavilán-Izquierdo & Gallego-Sánchez, 2024; Sealey et al., 2020; Thomas, 2021) that to observe students' ability 

to use mathematical representations in problem-solving, qualitative research is more likely to be used. In Figure 

2, it is also indicated that the types of research such as Classroom Action Research, systematic literature, and 

mixed methods are very rarely used to uncover mathematical representations. This limitation does not mean that 

these types of research are not suitable for investigating mathematical representations. However, this can serve as 

a foundation for developing more complex research, especially in the application of mathematical representation 

in mathematics education. Of course, this is very difficult and has limitations if conducted using qualitative 

research methods. 

 

Data Collection 

 

Instruments In conducting research, researchers need tools that can support the data collection process. To assess 

students' mathematical representations, various tools have been developed by previous researchers. Based on the 

graph presented in Figure 3, it can be seen that the test sheet instrument is the most frequently used tool for 

collecting data on mathematical representation. In addition, more objective data collection instruments, such as 

observation sheets, have proven to be more effective in measuring mathematical representation compared to 

interview sheets and questionnaires. This emphasizes that the selection of the appropriate instruments is crucial 

for obtaining accurate and relevant data in this research. 
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Figure 3. Distribution of Data Collection Instruments for Measuring Mathematical Representation 

 

Several studies show that instruments using test sheets are capable of measuring mathematical representation well 

(Blanco et al., 2024; Khairunnisak et al., 2021; Newton et al., 2022; Urhan & Zengin, 2024). Additionally, there 

is something interesting in the research conducted using observation sheets (Bonafini & Lee, 2021; Cunningham 

et al., 2022; G. Fonseca & da Ponte, 2024; Moleko & Mosimege, 2021; Nelson & Carter, 2022; Radecki et al., 

2020; Schliemann et al., 2022), which means that in these studies, direct observations were made during the 

research process. However, unfortunately, some researchers do not mention the instruments they used to collect 

data on mathematical representation in their publications. Among those who use tests as the primary instrument 

for data collection, not all provide information on whether the instrument has been tested for its validity and 

reliability. 

 

Subject Area of Research  

 

The distribution of documents based on the subject area of research over a four-year period, as shown in Figure 

4, indicates that the social sciences dominate with a percentage of 58.4%, followed by mathematics with 33.6%, 

and psychology with only 8%. This data clearly reflects that the use of mathematical representations is more 

extensively researched in the context of social sciences, particularly in mathematics education. This phenomenon 

indicates significant attention to the issues that arise in the process of mathematics learning, especially those 

related to mathematical representation. 

 

This condition may be caused by the complexity faced by students in understanding and applying mathematical 

concepts in real-life situations, which often requires the ability to represent information visually or symbolically 

(Flores & Hinton, 2022; Lockwood & Ellis, 2022; Purnomo et al., 2024). Thus, many researchers feel compelled 

to investigate further how mathematical representations can be optimized in learning, and how this can help 

students overcome the difficulties they face (Ekdahl et al., 2024). Moreover, the high percentage of research in 

the field of social sciences can also be interpreted as an effort to bridge the gap between theory and practice in 
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education, where mathematical representations are not only seen as tools to solve mathematical problems but also 

as means to understand broader social phenomena. These studies have the potential to provide new insights that 

can be used to design more effective learning strategies, which not only focus on the mastery of mathematical 

concepts but also on the development of students' critical and analytical thinking skills. 

 

Figure 4. Document Distribution by Research Area Subject 

 

Country-based Document  

 

Referring to Figure 5, a comparison of the number of documents from up to 10 different countries or regions is 

visible. The United States occupies the top position with the highest number of documents, followed by Australia, 

Indonesia, Turkey, Germany, Portugal, Spain, Canada, China, and Colombia. This data reflects the contribution 

of academic publications from various countries or regions presented in the graph. This graph provides a clear 

visual representation of the comparison of the number of documents per country or region, allowing for the 

analysis of publication trends across different areas. 

 

Figure 5. Distribution of Research Document Counts by Country 
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The graph presented in Figure 5 provides a clear visual representation of the comparison of the number of 

documents per country or region, allowing for the analysis of publication trends across various regions. With this 

data, researchers and educators can identify patterns and trends in mathematical representation research, as well 

as understand how various countries contribute to the development of knowledge in this field. Additionally, this 

analysis can also assist in formulating international collaborations, where countries with similar research focuses 

can work together to address the challenges faced in mathematics education. 

 

Keywords in the Research 

 

The keywords used in a study serve as important indicators that show the boundaries and focus of the research 

conducted. Based on Figure 6, the network of keywords reflects a complex and dynamic ecosystem of 

relationships between students, teachers, technology, and teaching methods. These relationships are 

interconnected and contribute to creating an effective educational environment. In this context, teachers and 

students become the main focus, which shows that in research in the field of mathematical representation, many 

researchers use teachers and students as research subjects. This emphasizes the importance of the roles of both 

parties in the learning process, where the teacher as a facilitator and the student as a recipient of information have 

crucial interactions in understanding mathematical concepts. 

 

 

Figure 6. Keyword Network used in Research related to Mathematical Representation 
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This data is also supported by the distribution of keywords presented in Figure 7, which indicates that the variation 

in word sizes reflects the frequency of the research fields conducted. Larger keywords indicate that the topic is 

more frequently researched, while smaller keywords suggest a more specific or less common focus. Thus, this 

keyword analysis not only provides insights into ongoing research trends but also helps other researchers identify 

areas that may be underexplored or require further investigation. Through a better understanding of the 

relationships between keywords and their usage frequency, researchers can formulate more relevant and strategic 

research questions, as well as contribute to the development of knowledge in the field of mathematical 

representation and education in general. 

 

 

Figure 7. Distribution and Strength of Keywords Used in Mathematical Representation Research 

 

Additionally, in Figure 8, it is clearly seen that the keywords frequently researched related to mathematical 

representation over the past year include several important terms, namely argumentation, GeoGebra, aspects, and 

tasks. The keyword "argumentation" indicates that much research focuses on how students can develop the ability 

to argue and explain their mathematical thinking. Argumentation in the context of mathematics learning is very 

important, as it not only helps students understand concepts but also communicate their ideas effectively to 

others(Blanco et al., 2024). Research focused on argumentation can provide insights into strategies that can be 

used to enhance students' critical and analytical reasoning skills (Ellis et al., 2024), as well as how they can interact 

with peers and teachers in the learning process. 
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Next, the keyword "GeoGebra" indicates that this software is increasingly being used in research related to 

mathematical representation. GeoGebra is a very useful tool for visualizing mathematical concepts, and its use in 

learning can help students understand the relationships between various elements of mathematics, such as algebra, 

geometry, and calculus (Carriazo-Regino et al., 2024; V. G. D. Fonseca & Henriques, 2023; Latsi & Kynigos, 

2022). Research involving GeoGebra can explore how this technology can be integrated into the curriculum to 

enhance students' understanding of mathematical representations (Cullen et al., 2020; Rugh et al., 2020). 

Additionally, the keyword "aspects" indicates that the research also considers various dimensions or factors that 

influence mathematical representation, such as social, cultural, and pedagogical contexts (Hunter et al., 2022). 

Lastly, the keyword "tasks" reflects a focus on the types of tasks given to students and how these tasks can be 

designed to encourage better use of mathematical representations. Thus, this keyword analysis not only provides 

an overview of current research trends but also directs attention to important areas that can be further explored to 

enhance mathematics learning practices. 

 

Figure 8. Trend of the Distribution of the Researched Keywords 

 

Participants in Research  

 

In conducting research, researchers need participants to test their hypotheses, and based on Figure 9, it is evident 

that the most commonly used participants in studies related to mathematical representation are students. Students 

play the main role as they are individuals directly involved in the learning process and can provide valuable 

insights into how they understand and apply mathematical concepts. However, it is important to note that in the 

data, the researchers did not directly mention the grade level of the students. This ambiguity can be a hindrance 
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in understanding the research context, as the characteristics and learning needs of students can vary significantly 

between different educational levels, such as elementary, middle, or high school. 

 

 

Figure 9. Distribution of Participants Involved in Research Related to Mathematical Representation 

 

Besides students, other participants frequently used in the research include prospective teachers, elementary 

school students, and teachers. The presence of prospective teachers as participants indicates that this research not 

only focuses on students but also on how future educators prepare themselves to teach mathematical 

representations (Grenier-Boley & Robert, 2024; Newton et al., 2022; Prihandhika et al., 2022; Rahmawati et al., 

2017; Tytler et al., 2020). This is in line with the data in Figure 7, which shows that the most frequently used 

keywords in research related to mathematical representation in mathematics education are students and teachers. 

By involving teachers in the research, the researchers can explore their perspectives and experiences in teaching 

mathematical representations, as well as the challenges they face in the classroom (McGraw et al., 2024; 

Weingarden & Heyd-Metzuyanim, 2024). This combination of participants provides a more comprehensive 

picture of the dynamics of mathematics learning and how various factors interact to influence students' 

understanding of mathematical representations. Research involving a diverse range of participants is expected to 

yield more in-depth and applicable findings, which in turn can contribute to the development of better educational 

practices. 

 

Conclusion 

 

In this study, articles focusing on mathematical representation in mathematics learning published in Scopus-

indexed journals from 2020 to 2024 have been reviewed. The trend found is an increase in the number of studies 

focusing on mathematical representation in mathematics learning from 2023 to 2024. Based on those studies, 

qualitative research is the most commonly used by researchers in investigating mathematical representation. In 

addition, test sheets are widely used by researchers to measure mathematical representation. Meanwhile, the 

subject area of research related to mathematical representation is widely conducted in the field of social sciences. 
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The United States is one of the countries that has conducted the most research on mathematical representation in 

mathematics education over the past four years. The keywords most frequently used in the research are teachers 

and students. This is in line with the data showing that the majority of participants involved in the research were 

students. Referring to the findings of the research, several recommendations have been formulated for future 

studies. First, the frequency of classroom action research needs to be increased to investigate mathematical 

representation skills in mathematics learning. Second, research instruments need to be developed and collaborated 

on, for example, test sheets can be collaborated with observation instruments that observe the process of students 

using mathematical representations in problem-solving. 

 

References 

 

Alghamdi, A., Jitendra, A. K., & Lein, A. E. (2020). Teaching students with mathematics disabilities to solve 

multiplication and division word problems: the role of schema-based instruction. ZDM - Mathematics 

Education, 52(1), 125–137. https://doi.org/10.1007/s11858-019-01078-0 

Anwar, R. B., Purwanto, P., As’Ari, A. R., Sisworo, S., & Rahmawati, D. (2019). The process of schematic 

representation in mathematical problem solving. Journal of Physics: Conference Series, 1157(3). 

https://doi.org/10.1088/1742-6596/1157/3/032075 

Ayan-Civak, R., Işıksal-Bostan, M., & Yemen-Karpuzcu, S. (2024). From informal to formal understandings: 

analysing the development of proportional reasoning and its retention. International Journal of 

Mathematical Education in Science and Technology, 55(7), 1704–1726. 

https://doi.org/10.1080/0020739X.2022.2160384 

Blanco, T. F., Camargo, L., & Sequeiros, P. G. (2024). How visualization and argumentation are articulated in 

research on teaching and learning geometry. ZDM - Mathematics Education, 56(6), 1079–1091. 

https://doi.org/10.1007/s11858-024-01619-2 

Bonafini, F. C., & Lee, Y. (2021). Portraying Mathematics Pre-service Teachers’ Experience of Creating Video 

Lessons with Portable Interactive Whiteboards through the TPACK. New Educator, 17(4), 327–352. 

https://doi.org/10.1080/1547688X.2021.1980167 

Bouck, E., Bouck, M., & Anderson, R. D. (2023). Teaching Fractions to Elementary Students With Learning 

Disabilities Using Evidence-Based Practices. Intervention in School and Clinic. 

https://doi.org/10.1177/10534512231178480 

Bouck, E., Cox, S. K., Long, H., Bullock, E., & Whorley, A. (2024). Exploring Modified Schema Based 

Instruction to Support Data Analysis Problem Solving: A Systematic Replication. Journal of Behavioral 

Education. https://doi.org/10.1007/s10864-024-09572-6 

Campbell, M. P., & Baldinger, E. E. (2021). Using scripting tasks to reveal mathematics teacher candidates’ 

resources for responding to student errors. Journal of Mathematics Teacher Education. 

https://doi.org/10.1007/s10857-021-09505-4 

Carriazo-Regino, Y., Hurtado-Carmona, D., & Bermudez-Quintero, A. (2024). Improving trigonometric 

competency with GeoGebra: a quasi-experimental study in a high school. International Journal of 

Evaluation and Research in Education, 13(5), 2876–2889. https://doi.org/10.11591/ijere.v13i5.28995 

Cerezci, B. (2021). Mining the Gap: Analysis of Early Mathematics Instructional Quality in Pre-Kindergarten 



Anwar, Rahmawati, & Wulandari  

 

710 

Classrooms. Early Education and Development, 32(5), 653–676. 

https://doi.org/10.1080/10409289.2020.1775438 

Cowie, B. (2024). A Reflection on the Research Analysis and Insight into National Standards (RAINS) Project. 

New Zealand Journal of Educational Studies, 59(2), 645–649. https://doi.org/10.1007/s40841-024-

00355-1 

Cuevas-Vallejo, A., Orozco-Santiago, J., & Paz-Rodríguez, S. (2023). A learning trajectory for university students 

regarding the concept of vector. Journal of Mathematical Behavior, 70. 

https://doi.org/10.1016/j.jmathb.2023.101044 

Cui, J., Yang, F., Peng, Y., Wang, S., & Zhou, X. (2024). Differential cognitive correlates in processing symbolic 

and situational mathematics. Infant and Child Development, 33(4). https://doi.org/10.1002/icd.2500 

Cullen, C. J., Hertel, J. T., & Nickels, M. (2020). The Roles of Technology in Mathematics Education. Educational 

Forum, 84(2), 166–178. https://doi.org/10.1080/00131725.2020.1698683 

Cunningham, E. P., Seashore, K. H., & Eaton, K. E. (2022). Graphs About Us: Building Classroom Community 

Through Mathematics. PRIMUS, 32(7), 812–826. https://doi.org/10.1080/10511970.2021.1940401 

Dung, T. M., & Dang, T. N. D. (2024). Preparing Pre-service Mathematics Teachers for Teaching the Plane 

Representation of a Photographic Image: An Empirical Consecutive Study. International Journal of 

Learning in Higher Education, 31(2), 155–171. https://doi.org/10.18848/2327-7955/CGP/v31i02/155-

171 

Ekdahl, A.-L., Nord, M., & Kullberg, A. (2024). What matters in teaching for students’ learning opportunities of 

subtraction in the 1–20 number range? Scandinavian Journal of Educational Research. 

https://doi.org/10.1080/00313831.2024.2419064 

Ellis, A. B., Waswa, A., Tasova, H. I., Hamilton, M., Moore, K. C., & Çelik, A. (2024). Classroom Supports for 

Generalizing. Journal for Research in Mathematics Education, 55(1), 7–30. 

https://doi.org/10.5951/jresematheduc-2022-0140 

Flores, M. M., & Hinton, V. M. (2022). Use of the Concrete–Representational–Abstract Instructional Sequence 

to Improve Mathematical Outcomes for Elementary Students With EBD. Beyond Behavior, 31(1), 16–

28. https://doi.org/10.1177/10742956211072421 

Fonseca, G., & da Ponte, J. P. (2024). Building didactic knowledge from reflection in lesson studies. International 

Journal for Lesson and Learning Studies. https://doi.org/10.1108/IJLLS-08-2024-0188 

Fonseca, V. G. D., & Henriques, A. C. C. B. (2023). Pre-service mathematics teachers using Geogebra to learn 

about instantaneous rate of change. International Journal of Mathematical Education in Science and 

Technology, 54(4), 534–556. https://doi.org/10.1080/0020739X.2021.1958942 

Freiman, V., & Fellus, O. O. (2021). Closing the gap on the map: Davydov’s contribution to current early algebra 

discourse in light of the 1960s Soviet debates over word-problem solving. Educational Studies in 

Mathematics, 106(3), 343–361. https://doi.org/10.1007/s10649-020-09989-6 

Gavilán-Izquierdo, J. M., & Gallego-Sánchez, I. (2024). Developing TPACK through task design: exploring the 

use of multiple modes of representation and the promotion of mathematical processes. Journal of 

Education for Teaching. https://doi.org/10.1080/02607476.2024.2422507 

Grenier-Boley, N., & Robert, A. (2024). How can university mathematics overcome Klein’s second discontinuity? 

Specific course design. ZDM - Mathematics Education, 56(7), 1459–1471. 



International Journal of Education in Mathematics, Science, and Technology (IJEMST) 

 

711 

https://doi.org/10.1007/s11858-024-01604-9 

Gvozdic, K., & Sander, E. (2020). Learning to be an opportunistic word problem solver: going beyond informal 

solving strategies. ZDM - Mathematics Education, 52(1), 111–123. https://doi.org/10.1007/s11858-019-

01114-z 

Harris, D., Logan, T., & Lowrie, T. (2023). Spatial visualization and measurement of area: A case study in 

spatialized mathematics instruction. Journal of Mathematical Behavior, 70. 

https://doi.org/10.1016/j.jmathb.2023.101038 

Hunter, R., Hunter, J., & Gibbs, B. (2022). Taking an Asset-Based Approach in the Use of a Culturally Located 

Task to Construct Functional Reasoning. Teachers College Record, 124(5), 69–88. 

https://doi.org/10.1177/01614681221103958 

Khairunnisak, C., Johar, R., Zubainur, C. M., & Sasalia, P. (2021). Learning Trajectory of Algebraic Expression: 

Supporting Students’ Mathematical Representation Ability. Mathematics Teaching-Research Journal, 

13(4), 27–41. https://www.scopus.com/inward/record.uri?eid=2-s2.0-

85127216580&partnerID=40&md5=548272cef87cc47fa86cd129ef4d26c3 

Latsi, M., & Kynigos, C. (2022). Mathematical Assemblages Around Dynamic Aspects of Angle in Digital and 

Physical Space. International Journal of Science and Mathematics Education, 20(8), 1677–1698. 

https://doi.org/10.1007/s10763-021-10225-7 

Lee, M. Y. (2021). Using a technology tool to help pre-service teachers notice students’ reasoning and errors on 

a mathematics problem. ZDM - Mathematics Education, 53(1), 135–149. 

https://doi.org/10.1007/s11858-020-01189-z 

Lei, Q., & Xin, Y. P. (2023). A synthesis of mathematical word problem-solving instructions for English learners 

with learning disabilities in mathematics. Review of Education, 11(2). https://doi.org/10.1002/rev3.3396 

Lewis, K. E., Sweeney, G., Thompson, G. M., & Adler, R. M. (2020). Integer number sense and notation: A case 

study of a student with a mathematics learning disability. Journal of Mathematical Behavior, 59. 

https://doi.org/10.1016/j.jmathb.2020.100797 

Lockwood, E., & Ellis, A. B. (2022). Two students’ mathematical thinking and activity across representational 

registers in a combinatorial setting. ZDM - Mathematics Education, 54(4), 829–845. 

https://doi.org/10.1007/s11858-022-01352-8 

Manoharan, M., & Kaur, B. (2023). Mathematics Teachers’ Perceptions of Diagrams. International Journal of 

Science and Mathematics Education, 21(4), 1315–1337. https://doi.org/10.1007/s10763-022-10312-3 

Mason, E. N. (2023). Teachers’ Views of the Mathematical Capabilities of Students With Disabilities: A Mixed 

Methods Study. Teachers College Record, 125(2), 178–202. 

https://doi.org/10.1177/01614681231168170 

McGraw, R., Fernandes, A., Wolfe, J. A., & Jarnutowski, B. (2024). Unpacking mathematics preservice teachers’ 

conceptions of equity. Mathematics Education Research Journal, 36(3), 645–670. 

https://doi.org/10.1007/s13394-023-00463-z 

Miller, J., & Armour, D. (2021). Supporting successful outcomes in mathematics for Aboriginal and Torres Strait 

Islander students: a systematic review. Asia-Pacific Journal of Teacher Education, 49(1), 61–77. 

https://doi.org/10.1080/1359866X.2019.1698711 

Miller, J., Warren, E., & Armour, D. (2020). Examining changes in young Aboriginal and Torres Strait Island 



Anwar, Rahmawati, & Wulandari  

 

712 

students and their beginning primary school teachers’ engagement in the teaching and learning of 

mathematics. ZDM - Mathematics Education, 52(3), 557–569. https://doi.org/10.1007/s11858-019-

01077-1 

Moleko, M. M., & Mosimege, M. D. (2021). Flexible teaching of mathematics word problems through multiple 

means of representation. Pythagoras, 42(1), 1–10. https://doi.org/10.4102/pythagoras.v42i1.575 

Nelson, G., & Carter, H. (2022). How early mathematics interventions support mathematics vocabulary learning: 

A content analysis. Curriculum Journal, 33(3), 443–459. https://doi.org/10.1002/curj.147 

Newton, J., Alvey, C., & Hudson, R. (2022). Investigating Mathematics Pre-service Teachers’ Knowledge for 

Teaching: Focus on Quadratic Equations. Mathematics Teacher Education and Development, 24(2), 86–

110. https://www.scopus.com/inward/record.uri?eid=2-s2.0-

85151028094&partnerID=40&md5=381323f0573d460e3d43977b8070c779 

Paoletti, T., Lee, H. Y., Rahman, Z., Vishnubhotla, M., & Basu, D. (2022). Comparing graphical representations 

in mathematics, science, and engineering textbooks and practitioner journals. International Journal of 

Mathematical Education in Science and Technology, 53(7), 1815–1834. 

https://doi.org/10.1080/0020739X.2020.1847336 

Prihandhika, A., Suryadi, D., & Prabawanto, S. (2022). The Investigation of Concept Image towards Derivative 

Representation: A Case Study of Prospective Mathematics Teachers. Mathematics Teaching-Research 

Journal, 14(4), 148–164. https://www.scopus.com/inward/record.uri?eid=2-s2.0-

85144776563&partnerID=40&md5=499ce55f146a2073169a63172ca140e0 

Purnomo, Y. W., Julaikah, A. A., Aprilia Hapsari, G. C., Oktavia, R. C., & Ikhsan, R. M. (2024). A Comparison 

of Angle Problems in Indonesian and Singaporean Elementary School Mathematics Textbooks. 

Mathematics Teaching-Research Journal, 15(6), 146–170. 

https://www.scopus.com/inward/record.uri?eid=2-s2.0-

85188165280&partnerID=40&md5=e1b9966578c911fd6ec081c27aff0ee1 

Radecki, A., Bujacz, M., Skulimowski, P., & Strumiłło, P. (2020). Interactive sonification of images in serious 

games as an education aid for visually impaired children. British Journal of Educational Technology, 

51(2), 473–497. https://doi.org/10.1111/bjet.12852 

Rahmawati, D., & Anwar, R. B. (2020). Translation of mathematical representation: characteristics of verbal 

representation unpacking. Journal of Education and Learning (EduLearn), 14(2), 162–167. 

https://doi.org/10.11591/edulearn.v14i2.9538 

Rahmawati, D., Purwanto, Subanji, Hidayanto, E., & Anwar, R. B. (2017). Dwi R dkk. International Electronic 

Journal of Mathematics Education, 12(3), 367–381. 

Rethlefsen, M. L., Kirtley, S., Waffenschmidt, S., Ayala, A. P., Moher, D., Page, M. J., Koffel, J. B., Blunt, H., 

Brigham, T., Chang, S., Clark, J., Conway, A., Couban, R., De Kock, S., Farrah, K., Fehrmann, P., Foster, 

M., Fowler, S. A., Glanville, J., … Young, S. (2021). PRISMA-S: An extension to the PRISMA 

statement for reporting literature searches in systematic reviews. Journal of the Medical Library 

Association, 109(2), 174–200. https://doi.org/10.5195/jmla.2021.962 

Rexigel, E., Kuhn, J., Becker, S., & Malone, S. (2024). The More the Better? A Systematic Review and Meta-

Analysis of the Benefits of More than Two External Representations in STEM Education. Educational 

Psychology Review, 36(4). https://doi.org/10.1007/s10648-024-09958-y 



International Journal of Education in Mathematics, Science, and Technology (IJEMST) 

 

713 

Rocha, H. (2020). Using tasks to develop pre-service teachers’ knowledge for teaching mathematics with digital 

technology. ZDM - Mathematics Education, 52(7), 1381–1396. https://doi.org/10.1007/s11858-020-

01195-1 

Rodrigues, J., Locke, S., L. Singell, E., & Mirielli, L. G. (2024). Teaching Fraction Magnitude Using the Number 

Line. Intervention in School and Clinic, 59(3), 165–172. https://doi.org/10.1177/10534512231156885 

Rojo, M., & Wakim, N. (2023). Teaching Whole Number Addition and Subtraction to Students With Learning 

Disabilities. Intervention in School and Clinic, 58(3), 190–197. 

https://doi.org/10.1177/10534512221081240 

Rugh, M. S., Beyette, D. J., Capraro, M. M., & Capraro, R. M. (2020). Using DIME maps and STEM project-

based learning to teach physics. Interactive Technology and Smart Education, 18(4), 553–573. 

https://doi.org/10.1108/ITSE-07-2020-0109 

Savard, A. (2022). What did they have to say about money and finance? Grade 4 students’ representations about 

financial concepts when learning mathematics. Education 3-13, 50(3), 316–328. 

https://doi.org/10.1080/03004279.2020.1850826 

Schliemann, A. D., Carraher, D. W., & Teixidor-i-Bigas, M. (2022). Teacher Development Structured Around 

Reasoning About Functions. International Journal of Science and Mathematics Education, 20(4), 793–

816. https://doi.org/10.1007/s10763-021-10169-y 

Sealey, V., Infante, N., Campbell, M. P., & Bolyard, J. (2020). The generation and use of graphical examples in 

calculus classrooms: The case of the mean value theorem. Journal of Mathematical Behavior, 57. 

https://doi.org/10.1016/j.jmathb.2019.100743 

Shumway, J. F., Bundock, K., King, J., Burnside, M., Gardner, H., & Messervy, F. (2020). Visualizing Number: 

Instruction for Number System Knowledge in Second-Grade Classrooms. Investigations in Mathematics 

Learning, 12(2), 142–161. https://doi.org/10.1080/19477503.2020.1740383 

Thomas, C. A. (2021). One university’s story on teacher preparation in elementary mathematics: examining 

opportunities to learn. Journal of Mathematics Teacher Education, 24(6), 641–667. 

https://doi.org/10.1007/s10857-021-09487-3 

Tirkas, A., & Panaoura, R. (2020). Stochastics-virtual simulation using mobile technology. Scientia Paedagogica 

Experimentalis, 57(1), 3–30. https://www.scopus.com/inward/record.uri?eid=2-s2.0-

85096592334&partnerID=40&md5=4a6d807a2d3a388fb2ec76011bc354aa 

Tytler, R., Ferguson, J., & White, P. (2020). A representation construction pedagogy of guided inquiry for learning 

data modelling. Learning: Research and Practice, 6(1), 5–18. 

https://doi.org/10.1080/23735082.2020.1750672 

Urhan, S., & Zengin, Y. (2024). Investigating University Students’ Argumentations and Proofs Using Dynamic 

Mathematics Software in Collaborative Learning, Debate, and Self-reflection Stages. International 

Journal of Research in Undergraduate Mathematics Education, 10(2), 380–407. 

https://doi.org/10.1007/s40753-022-00207-7 

Vahey, P., Kim, H.-J., Jackiw, N., Sela, H., & Knudsen, J. (2020). From the static to the dynamic: teachers’ 

varying use of digital technology to support conceptual learning in a curricular activity system. ZDM - 

Mathematics Education, 52(7), 1275–1290. https://doi.org/10.1007/s11858-020-01182-6 

Verschaffel, L., Schukajlow, S., Star, J., & Van Dooren, W. (2020). Word problems in mathematics education: a 



Anwar, Rahmawati, & Wulandari  

 

714 

survey. ZDM - Mathematics Education, 52(1), 1–16. https://doi.org/10.1007/s11858-020-01130-4 

Weingarden, M., & Heyd-Metzuyanim, E. (2024). Fostering pre-service teachers’ attention to mathematical 

objects: The realization tree mediator as a teaching representation. Journal of Mathematics Teacher 

Education. https://doi.org/10.1007/s10857-024-09622-w 

 

Author Information 

Rahmad Bustanul Anwar  

 https://orcid.org/0000-0002-3498-1754 

Universitas Muhammadiyah Metro  

Indonesia  

Contact e-mail: rarachmadia@gmail.com 

 

Andhika Ayu Wulandari  

 https://orcid.org/0009-0001-5357-2024 

Universitas Bangun Nusantara  

Indonesia  

Dwi Rahmawati  

 https://orcid.org/0000-0003-2305-9796 

Universitas Muhammadiyah Metro  

Indonesia  

 

 


