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Abstract 

Mathematical communication skills are an important aspect of mathematics learning, as 

they enable students to express ideas, understand concepts, and solve problems 

effectively. This study aims to systematically review research findings related to 

mathematical communication skills published between 2019 and 2024. The review 

process was conducted based on the PRISMA protocol by selecting 22 articles from the 

Scopus, Science Direct, and ERIC databases that met the inclusion and exclusion 

criteria. The results of the study indicate that technology-based instructional approaches 

and collaborative learning models such as ACODESA, Team-Assisted Individualization 

(TAI), Realistic Mathematics Education (RME), and GeoGebra have a significant 

impact on enhancing students' mathematical communication skills. Research trends over 

the past five years reveal a growing interest in the integration of digital tools and 

metacognitive strategies in developing mathematical communication. These findings 

underscore the importance of implementing innovative interventions tailored to 

students' characteristics in order to optimize communication processes within 

mathematics learning environments. 
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1. Introduction

Mathematics is a subject taught at school that helps students develop critical thinking and argumentation skills [7], and 

can help people solve challenges in everyday life [10]. Mathematics also teaches students how to communicate 

effectively, concisely, and clearly, and gives them the skills to present information in a variety of ways [36]. In formal 

education, mathematics is one of the subjects that can develop students' way of thinking. The basic abilities in mathematics 

that students must have are classified into five types, namely: (1) recognizing, understanding and applying concepts, 

procedures, principles, and mathematics, (2) solving mathematical problems, (3) reasoning mathematically, (4) 

connecting mathematically, and (5) communicating mathematically [11]. 

One of the important parts of mathematical skills that students must have is mathematical communication skills. When 

learning mathematics, students must be able to communicate effectively. Communication is the process by which a person 

sends carefully selected information so that the receiver can understand the significance of the information [19], and 

enables students to share ideas or opinions and clarify understanding [32].  

Mathematical communication ability is the ability of students to convey mathematical ideas both orally and in writing 

[13]. According to [5] said that if students' mathematical communication skills are good, this can stimulate students' 

ability to develop ideas and knowledge in finding mathematical concepts that are being studied. When students 
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communicate their thoughts to others in oral or written form it will help improve understanding, make connections, and 

develop language to express mathematical ideas  [16]. Acquiring and sharing information, developing and refining ideas, 

and building concepts and strategies are fundamental functions of mathematical communication [8]. 

Mathematical communication is an important part of learning mathematics [34], important in mathematics that students 

should have to share and gain knowledge from literature, teachers, and peers [22]. The importance of mathematical 

communication is to monitor several mathematical communication standards. First, students can organize and formulate 

ideas using a variety of representations. Second, they can present their thinking (point of view) coherently and clearly to 

peers and teachers. The third way, students can solve math problems for their peers is by examining, evaluating, thinking, 

and even solving math problems for other students. Finally, students can use their mathematical abilities to express ideas 

accurately [37].  

In general, students' mathematical communication skills are still relatively low, this is indicated by the number of 

students who still have difficulty working on problems in the form of pictures, graphs, and others [9]. Based on 

observation [15] that in mathematical communication skills, some students still have difficulty in expressing problems 

into mathematical ideas and difficulty in expressing a problem in the form of images or mathematical models. This makes 

most students choose to look at their friends' work rather than asking directly to the teacher, because students still feel 

that they are not sure of their abilities. 

Given the importance of this issue, the purpose of this systematic review is to synthesize findings from empirical 

research in order to present a broader description of mathematical communication ability and its related issues for future 

advancement. The systematic process involves several steps: (1) collecting empirical studies that meet inclusion criteria, 

(2) examining both qualitative and quantitative data, and (3) synthesizing all relevant information from previous studies 

to describe the current status of research and report the effect sizes of approaches used. Ultimately, this study aims to 

identify emerging trends and theoretical frameworks in research on mathematical communication. 

In order to achieve these aims, the study is guided by the following research questions: 

− RQ 1: What are the effect sizes of various approaches used in mathematical communication ability research 

published in the last five years? 

− RQ 2: What research trends on mathematical communication ability have emerged in the last five years? 

− RQ 3: What theoretical frameworks have been applied in mathematical communication research published in the 

last five years? 

2. Methodology 

The research method used in this research is the Systematic Literature Review (SLR) method. This SLR identifies, 

selects, and critically assesses various studies to answer the research questions posed. The process of selecting articles to 

be reviewed is guided by guidelines that have been established for conducting systematic reviews in Educational Research 

[41] and the framework for systematic reviews and meta-analyses (PRISMA) [25]. There are various steps involved in a 

particular study, such as formulating a research question, searching for journal articles, setting inclusion and exclusion 

criteria, selecting articles, presenting data, processing data, and drawing conclusions. This study uses tools and materials 

that must be analyzed for their advantages and specifications. For quantitative research, it is necessary to explain the 

presence of researchers, subjects, informants, as well as data collection methods and data validity analysis. 

2.1 Phase 1: Formulating research questions and building a conceptual design framework 

This review aims to (1) analyze the effect size of various approaches used in mathematical communication ability 

research published in the last 5 years, (2) identify research trends on mathematical communication ability in the last 5 

years, and (3) the theoretical framework on mathematical communication used in the last 5 years of publication. 

2.2 Phase 2: Generate a set of selected criteria 

The development of selection criteria for this study was based on PICo [30], which consists of three essential elements: 

population or problem, interest, and context. Based on this concept, we have included three main aspects in this review, 

namely school students and prospective teachers (population), mathematical communication ability (interest), and 

mathematics education (context). 

2.3 Phase 3: Establish inclusion and exclusion criteria 

We found two important keywords based on the research questions: mathematical communication skills and 

mathematics. In addition, we looked back at the previous keywords and asked for expert advice to complete the keywords. 

Several keywords related to the open search were examined through this procedure, including mathematical 

communication ability in students and mathematics education. Considering the maturity of the research field, this review 

limited the screening procedure to publications published in the last five years, i.e. from 2019 to 2024. 
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Tabel 1. Search Strings Used in Finding Articles From the Database 

Database String 

Scopus (("mathematical communication") AND ("mathematics")) 

Science direct (("mathematical communication") AND ("mathematics")) 

ERIC mathematical communication 

 

Table 2. Inclusion and Exclusion Criteria 

Inclusion Exclusion 

Contains the keyword "mathematical 

communication"  

Does not contain the keyword "mathematical 

communication"  

Articles published from 2019 to 2024  Articles published outside the specified 

timeframe 

Sourced from a scopus indexed journal  Sourced from journal conference 

There is quantitative data and/or qualitative data 

on mathematical communication skills 

Consists of less than 4 pages  

Math education No math education 

English  Not in English 

 

2.4 Phase 4: Choose a study based on a set of criteria 

The studies in this review were found through a process of identification, screening and eligibility, and through a 

verification process to ensure that they met the selection criteria. The article selection process followed the procedure 

outlined by PRISMA , as shown in Figure 1.  

 

 
Figure 1. Protocol Systematic Review 

2.5 Phase 5: Quality assessment 

In the critical appraisal process, three factors are considered: research design, research methods, and relevance of the 

research to the topic of the review [6]. Articles are only considered for review if they relate to at least one of the categories. 
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2.6 Phase 6: Coding research 

In stage 6 of the review, a coding scheme was used to assess all articles found through discussion based on the research 

topic. The extracted data contained information such as author, journal, participants, country, knowledge domain, 

intervention, focus, and effect size. We attempted to detect patterns in the data obtained from all studies examined in the 

process. Graphs were created to illustrate key facts from the 22 articles based on the country where the study was 

conducted, study design, year of publication, and age group of students/participants. 

2.7 Phase 7: Data synthesis 

The articles were analyzed using Mendeley, NVivo, and VOSviewer software. After the systematic review protocol 

(Figure 1) was conducted, 22 article titles were obtained from three data sources, namely Science direct (2), Scopus (14), 

and ERIC (6). The data analysis process began by categorizing the data from the 22 article titles based on the type of 

research (quantitative and qualitative), country of research, and research subjects (school students and prospective 

teachers). The effect size was analyzed and summarized in the quantitative research type to describe the effect of 

mathematical communication ability on the research results. Meanwhile, qualitative research and mixed qualitative-

quantitative research are classified separately. The data presented in bibliometrics were analyzed using VOSviewer 

software. Data that has been entered in (.ris) format was analyzed using VOSviewer software to see the trend of research 

over the past 5 years with mathematical communication ability. The analysis starts from the relationship between 

keywords, and groups of keywords that are directly related to research trends in each year. 

3. Results and Discussion 

3.1. Effect Size of Various Approaches Used in Research on Mathematical Communication Skills over the Last 5 Years 

(2019-2024) 

After completing all stages of the protocol, 22 articles were obtained using three research approaches: quantitative, 

qualitative, and mixed (qualitative and quantitative). The collected quantitative research was analyzed quantitatively using 

effect size [4]. There were 22 articles processed and classified into three research approaches: quantitative (10 titles), 

qualitative (6 titles), RnD (3 titles), and mixed (3 titles). The quantitative group (table 3) was conducted in several 

countries, including Indonesia (10) and Vietnam (3). 

 

Table 3. Effect Size Calculation of Quantitative Data 

No. Author, year Journal Participant Country 
Domain 

Knowledge 
Intervention 

Effect 

Size 

1 (Tong et al., 

2021) 

Heliyon 87 

elementary 

school 

students 

Vietnam Ellipse topics ACODESA 0,63 

(Medium) 

2 (Tinungki et 

al., 2022) 

Education 

Sciences 

92 

prospective 

teachers 

Indonesia Linear 

Programming 

Team-Assisted 

Individualization 

(TAI) cooperative 

learning model 

1,12 

(Large) 

3 (Kusumah et 

al., 2020) 

International 

Journal of 

Instruction 

82 senior 

high school 

students 

Indonesia Geometri 3D GeoGebra 0,34 

(Small) 

4 (Uyen et al., 

2021) 

European Journal 

of Educational 

Research 

40 junior 

high school 

students 

Vietnam Congruent 

triangles 

Realistic Mathematics 

Education (RME) 

0,13 

(Small) 

5 (Ahdhianto et 

al., 2020) 

European Journal 

of Educational 

Research 

204 

elementary 

school 

students 

Indonesia Time, Distance, 

Speed, 

Discharge, and 

Comparison. 

Metacognitive-Based 

Contextual Learning 

Model 

0,11 

(Small) 

6 (Nguyen et 

al., 2024) 

Heliyon 79 

elementary 

school 

students 

Vietnam Fractional 

Numbers 

Model 5E 0,21 

(Small) 

 

7 (Tinungki et 

al., 2024) 

Cogent Education 72 

prospective 

teachers 

Indonesia Operations 

Research 

Team-Assisted 

Individualization 

(TAI) cooperative 

learning model 

0,68 

(Medium) 

8 (Mujiasih et 

al., 2021) 

International 

Journal of 

Learning, 

Teaching and 

35 

prospective 

teachers 

Indonesia Geometri GeoGebra-assisted 

EPIC-R 

-0,19 

(Small) 
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No. Author, year Journal Participant Country 
Domain 

Knowledge 
Intervention 

Effect 

Size 

Educational 

Research 

9 (Kurniawan, 

2021) 

International 

Journal of 

Instruction 

187 junior 

high school 

students 

Indonesia SPLDV PINTER Mathematics 

Learning Models 

0,72 

(Medium) 

10 (Prabawanto, 

2019) 

Infinity Journal 118 

prospective 

teachers 

Indonesia Aljabar Metacognitive 

scaffolding 

0,16 

(Small) 

11 (Palinussa et 

al., 2021) 

International 

Journal of 

Evaluation and 

Research in 

Education 

130 junior 

high school 

Indonesia Geometri Realistic mathematics 

education (RME) 

pendekatan dalam 

konteks pedesaan 

0,32 

(Small) 

 

The participants of these studies were divided into four groups: elementary school students (3 titles), junior high school 

students (3 titles), high school (1 title) and prospective teachers (4 titles). As shown in Table 4, the effect sizes of the 11 

quantitative research titles were classified as small, medium and large. The strength of the relationship between the 

variables studied is measured by the effect size. The advantages of calculating the effect size are threefold: (1) it can 

estimate a sample size sufficient to detect statistically significant results in future research studies, (2) it can assess the 

practical significance of research studies, and (3) it can synthesize findings across studies more accurately (e.g., conduct 

a meta-analysis) [14]. 

 

Table 4. Type of Effect Size Grouping by Intervention 

Small Effect Medium Effect Large Effect 

ACODESA1) PINTER Mathematics Learning Models2) 
Team-Assisted Individualization (TAI) 

cooperative learning model4) 

GeoGebra3) 
Team-Assisted Individualization (TAI) 

cooperative learning model4) 
 

Metacognitive-Based Contextual 

Learning Model1) 
  

Metacognitive scaffolding1)   

Realistic mathematics education (RME) 

2) 
  

Realistic mathematics education (RME) 

pendekatan dalam konteks pedesaan2) 
  

Model 5E1)   

EPIC-R berbantuan GeoGebra3)   

Description:  
1) = Elementary school, 2) = Junior high school, 3) = High school, and 4) = Prospective teachers 

 

Table 5 Shows The Studies Collected Using Qualitative (6 Titles), Rnd (3 Titles) And Mixed (3 Titles) Approaches. 

These Studies Were Conducted In Several Countries, Including Indonesia (8), Australia (1), Denmark (1), Usa (1), And 

Vietnam (1).RnD (3 titles) and mixed (3 titles) approaches. These studies were conducted in several countries, including 

Indonesia (8), Australia (1), Denmark (1), USA (1), and Vietnam (1). 

 

Table 5. List of Qualitative Research on Mathematical Communication 

No. Author, year Journal Participant Country 

1 (Cartwright, 2020) Journal of Mathematical Behavior 63 junior high school students Australia 

2 (Rosita et al., 2019) Infinity Journal 47 junior high school students Indonesia 

3 
(Pantaleon et al., 

2023) 

Bolema - Mathematics Education 

Bulletin 
48 prospective teachers Indonesia 

4 (Bach et al., 2024) ZDM – Mathematics Education 5 junior high school students Denmark 

5 
(Pourdavood et al., 

2020) 
Athens Journal of Education 34 elementary school students USA 

6 
(Muhtarom et al., 

2021) 
Infinity Journal 3 prospective teachers Indonesia 

7 (Kamid et al., 2020).  
International Journal of Evaluation 

and Research in Education 
125 senior high school students Indonesia 

8 (Nguyen et al., 2024) Heliyon 79 junior high school students Vietnam 

9 
(Wardono et al., 

2020) 
International Journal of Instruction 80 junior high school students Indonesia 

10 (Setiyani et al., 2020) Journal on Mathematics Education 40 junior high school students Indonesia 

11 
(Hidayat & Aripin, 

2023) 
Infinity Journal 49 junior high school students Indonesia 
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No. Author, year Journal Participant Country 

12 
(Wahyudi et al., 

2019) 
Infinity Journal 10 elementary school students Indonesia 

3.2. Trends in Mathematical Communication Skills Research in the Last 5 Years-Publications 

The research trends of the past five years were obtained from bibliometric data processed using VOSviewer as shown 

in Figure 2. The same color indicates the same cluster, and the size of the circle indicates the popularity of keywords. The 

larger the circle size, the more popular the topic is discussed in 22 articles. The connecting lines between the circles 

indicate the direct relationship between the keywords. 

 

 
Figure 2. Keyword Network Visualization from the 22 Reviewed Articles Categories of Frequently Occurring Keywords or 

Variables and Their Relationships 

 

Observation of the most frequently studied topics in a period of time can reveal the trend of research on geometric 

thinking in the last 5 years. Comparisons are also made to see the trend of research on geometric thinking over time, so 

that the stages of development can be known. This is reflected in the topics that have emerged over time and the most 

popular topics. As shown in Table 5, there are 5 groups of keywords that show the proximity of keywords in the processed 

articles. The keywords discuss geometry materials, interventions in geometry, cognitive aspects, affective aspects, and 

other aspects that may be related. 

 

Table 6. Hierarchical Grouping of Keywords 

Cluster Daftar Kata Kunci 

Cluster 1 Assessment & testing, higher education, john chiang, state university of new york, usa, non-parametric 

statistics, statistics & probability, teaching & learning, teaching & learning education, team assisted 

individualization, theories of learning 

Cluster 2 Congruent triangles, contextual based learning, mathematical communication skills, mathematics 

education, metacognition, problem solving skills, the teaching process 

Cluster 3 Cooperative learning model, mathematical problem solving, operation research, self-proficiency, team 

assisted individualization (TAI) 

Cluster 4 Accuracy, clarity, coherence, math anxiety 

Cluster 5 Concept attainment model, mathematical communication, metacognitive approach, prior mathematical 

knowing 

Cluster 6 Culture, reasoning skill, rural context 

Cluster 7 Circle, didactal design research, learning obstacle 

Cluster 8 Digital tools, dynamic geometry, mathematical representation 

Cluster 9 Ellips, skill, students attitude 

Cluster 10 Ability, adversity quotient 

Cluster 11 E-LKPD, scientific approach 

Cluster 12 Cognitive style, gender 

Cluster 13 Contructivsm, media 

Cluster 14 Problem based students, self-efficacy 

 

The circle size of each keyword (Figure 2) indicates the popularity of the 22 processed research titles. The larger the 

circle size indicates the greater use of that keyword in research. This indicates that the variable has previously been 

researched extensively. The direct relationship between the keyword 'geometric thinking' and other keywords is presented 

in Figure 3. 

 



SPECTRA Proceedings   

 23  
 

 
Figure 3. The Relationship Between the Keyword ‘Mathematical Communication Skills’ and Other Keywords 

 

 
Figure 4. Publication Trends From 2019 to 2024 

 

Trends, as shown in Figure 4, are indicated by color, with lighter marks indicating more recent publications. Most of 

the recent publications, denoted in yellow, show that the trends include the keywords digital tools, non-parametric 

statistics, mathematical problem solving, and teaching & learning. For researchers, information on topic novelty is 

important to show the current state of research being conducted in line with the times. 

3.3. Theoretical Frameworks on Mathematical Communication Used in the Last 5 Years Publications 

The predetermined articles were coded and analyzed in terms of theories, models, or geometric thinking frameworks. 

A total of 22 articles were classified based on definition, participants, intervention type, and research knowledge domain. 

An overview of the theories, models or frameworks of mathematical communication was obtained from the 22 articles 

and is presented in Figure 5. As illustrated in Figure 5, there are several main topics addressed in the theoretical 

frameworks of the 22 mathematical communication articles. 

3.4. Discussion 

Effect Size shows the effect of one variable on another and is influenced by the number of samples used. An interesting 

thing was found in the summary table (Table 3).  Where a 'very large' effect on mathematical communication skills was 

obtained in the study that applied the Team-Assisted Individualization (TAI) cooperative learning model. The TAI 

cooperative learning model combines individual and group learning, making the material easier to understand, increasing 

students' enthusiasm, and creating a conducive learning atmosphere. However, its implementation requires quite long 

steps, so it takes more time. This can cause high-ability students to feel bored because they have to adjust with friends 

who take longer to understand the concept [36]. 

The next section is about the participants, which consist of elementary school students (5 studies), junior high school 

students (10 studies), senior high school students (2 studies), and pre-service teachers (5 studies). In primary school 

students, class teachers communicated with students about rules, roles and expectations. For example, teachers 

communicated with students about how to talk about math, how to listen to each other's ideas and perspectives, and how 

to challenge each other's solutions during problem-solving activities. This is in line with research [28], Verbal 



SPECTRA Proceedings   

 24  
 

communication between students has vario[us benefits, such as encouraging reflection and critical thinking, helping 

teachers assess student understanding, as well as being a basis for teachers to improve and adjust their teaching methods. 

In junior high school, students need to develop logical thinking, modeling, problem solving, and mathematical 

communication skills, which include the effective use of mathematical language (symbols, diagrams, graphs) in 

explaining, questioning, and proving solutions. Similarly, pre-service teachers' research to realize students' good 

mathematical communication skills is provided by teachers, trained or prepared since becoming prospective teachers [20].  

Various forms of intervention in research and knowledge domains are the focus of research on junior high school 

students. For example, RME [38] or This means that math should be close to the child and relevant to the child's daily 

situation, especially the student's life [26]. By using RME, students are more active in the classroom in communicating 

to solve mathematical problems when compared to students who learn conventionally where the teacher is the center of 

mathematics learning and students' mathematical emotions are individualized [26]. Both studies were conducted on junior 

high school students, in line with Piaget's learning theory which states that the basic principles of one's knowledge will 

change and adapt to the surrounding reality. 

Some metacognitive-based approaches have also been reported to be effective in stimulating more reflective and 

structured mathematical communication. Context-based learning models such as metacognitive-based contextual learning 

approach [1] and metacognitive-scaffolding [29] encourages students to think about their own thinking, which in turn 

improves the ability to convey mathematical ideas in writing. This ability is in line with the statement [24] that good 

communication skills can stimulate students in developing ideas and finding mathematical concepts that are being learned. 

Bibliometric trends also show that current research trends are also starting to involve affective dimensions in the study 

of mathematical communication skills. Several studies highlighted the influence of self-efficacy, math anxiety, and 

students' attitudes towards mathematics in shaping their courage and communication skills ([12]; [16]; [20]). This shows 

that mathematical communication is not just a cognitive ability, but is also strongly influenced by students' psychological 

conditions. Therefore, holistic learning interventions that combine cognitive and affective strategies are important to 

create a supportive learning atmosphere and empower students to express their mathematical ideas. 
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Figure 5. Theoretical Framework on Mathematical Communication Skills 

4. Conclusion 

This systematic review concludes that students' mathematical communication skills have improved significantly in the 

last five years through the implementation of various innovative learning approaches. Collaborative learning models, 

technology-based, and contextual-metacognitive approaches have proven effective in improving students' ability to 

communicate ideas, understand concepts, and solve mathematical problems. Research trends also show the increasing use 

of digital tools and the integration of affective aspects as part of efforts to strengthen mathematical communication. 

Therefore, mathematics teachers and educators are advised to integrate learning models that are adaptive to students' 

needs, use varied media, and create a learning atmosphere that supports open communication. Further research can be 

directed at exploring approaches that combine technology, local culture, and character strengthening to form intact, 

critical, and reflective mathematical communication. 
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Mathematical 

Communication 

Skills 

2a. Elementary school students: 

(Tong et al., 2021), (Ahdhiantp et 

al., 2020), (Nguyen et al, 2024), 

(Pourdavood e al., 2020), 

(Wahyudi et al., 2019)  

 

 

1. Definition: 

Mathematical communication refers to the process 

of sharing and clarifying 

and clarify mathematical ideas and understanding 

through various forms of communication, such as 

verbal, visual, and written. This includes the use of 

numbers, symbols, pictures, graphs, diagrams and 

words, as recognized by the National Council of 

Teachers of Mathematics (NCTM, 2000) 

Mathematical communication skills are a useful 

tool to encourage students' creativity and 

motivation in mathematics (Smieskova, 2017) 

Mathematical communication is also defined as 

the expression of mathematical thinking using 

mathematical language in a precise and concise 

manner (Yang et al., 2016) 

 

3. Intervention: 

ACODESA (Tong et al, 2021), Team-Assisted 

Individualization (TAI) (Tinungki et al., 2022). 

GeoGebra (Kusumah et al., 2020), RME (Uyen et al., 

2021), Metacognitive-Based Contextual Learning 

Model (Ahdhianto et al., 2020), Model 5E (Nguyen et 

al., 2024), EPIC-R GeoGebra-assisted (Mujiasih et al., 

2021), PINTER Mathematics Learning Models 

(Kurniawan, 2021), Metacognitif scaffolding 

(Prabawanto, 2019), and Realistic mathematics 

education (RME) approach in a rural context (Palinussa 

et al., 2021) 

2b. Junior high school students: 

(Uyen et al., 2021), (Kurniawan, 

2021), (Palinussa et al., 2021), 

(Cartwright, 2020), (Rosita et al., 

2019), (Bach et al., 2024), 

(Nguyen et al., 2024), (Setiyani et 

al., 2020), (Hidayat & Aripin, 

2023) 

2c. Senior high school students: 

(Kusumah et al., 2020), (Kamid et al., 2020) 

2d. Prospective teachers: 

(Tinungki et al., 2022), (Mujiasih et al, 2021), (Prabawanto, 

2019),  (Pantaleon, 2023), (Muhtarom et al., 2021) 

4. Mathematical communication skills 

are mathematical abilities that must be 

realized in mathematics learning 

Greenes & Schulman (1996), 

Mathematical communication is (1) a 

central force for students in formulating 

concepts and strategies; (2) an asset of 

success for students towards approaches 

and solutions in mathematical exploration 

and investigation; (3) a forum for students 

to communicate with their peers to obtain 

information, share thoughts and 

discoveries, exchange ideas, assess and 

sharpen ideas to convince others. 
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