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Abstract 

Mathematical communication is a skill to articulate mathematical ideas through written and verbal expressions. 

Despite its importance, students often exhibit difficulties in initiating and organizing mathematical ideas, 

particularly in written form. Prior research highlights the critical role of communication in fostering early 

algebraic thinking. This study aims to: (1) examine students’ mathematical communication skills and explore 

how it reflects early algebraic thinking, using the commognitive framework, which encompasses word use, visual 

mediators, narratives, and routines, and (2) describe statistically the relationship between algebraic thinking and 

oral communication skills. A descriptive research design with mixed-methods approach was employed, 

involving 29 eighth-grade students as participants. Data was collected through written tests, and the results were 

analyzed descriptively. The findings indicate that four students demonstrated excellent communication skills, 

nine students were categorized as good, 11 students as fair, three students as poor, and two students as very poor. 

Further analysis showed that students with stronger communication skills more effectively conveyed algebraic 

ideas. The results also underscore the commognitive framework practical application in enhancing students’ 

conceptual understanding. This study contributes to a deeper understanding of how students communicate, 

reason algebraically, and demonstrates the potential of the commognitive framework to support instructional 

design and skill development in mathematics education. 
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INTRODUCTION 

One key facet of mathematical communication is the skill to express mathematical ideas clearly 

and effectively. Khaidir et al. (2024) emphasize that mathematical communication skills include 

understanding various forms of communication, such as writing and interpreting mathematical 

information, which allows students to convey their thought processes and engage in collaborative 

problem-solving effectively. Similarly, Marsitin & Sesanti (2018) argue that successful mathematics 

education requires students to communicate their reasoning through structured communication, which 

is essential for effective problem-solving. In addition, Lu et al. (2022) highlight that mathematical 

communication abilities are a fundamental component of mathematics learning. Zulu & Mudaly (2023) 

further emphasize that mathematical communication plays a critical role in the identification and 

development of ideas and concepts during the learning process, while also supporting the understanding 

of abstract concepts and symbolic language, particularly in written communication. 

Written mathematical communication refers to the skill to express mathematical language 

through images, graphs, tables, diagrams, and other visual representations (Lu et al., 2023). Indicators 

of written mathematical communication skills include writing (written tests), drawing (visual 
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representations), and mathematical expressions. Writing entails providing logical and accurate 

mathematical explanations, drawing involves representing data through tables, diagrams, and graphs, 

while mathematical expressions refer to performing calculations accurately and comprehensively 

(Setyowati et al., 2022). 

However, despite the recognized importance of mathematical communication, students' skill to 

effectively convey mathematical ideas—particularly in written form—remains relatively low (Pinto & 

Cooper, 2023; Rahmawati et al., 2023). This challenge becomes evident when students are faced with 

unfamiliar problems that differ from standard examples, often leaving them uncertain about how to 

proceed. Furthermore, students find it challenging to explain each response they receive due to the 

teacher-led, dominant learning process. Mathematical communication, in this context, is not merely 

about expressing solutions but also about reading, interpreting, and engaging with mathematical 

problems meaningfully. It encompasses the articulation of mathematical reasoning and the skill to 

establish logical connections between concepts (Kristiani et al., 2024). As highlighted by recent 

educational frameworks, enhancing communication skills is fundamental to the learning objectives 

outlined in curricular guidelines (Rahmawati & Soekarta, 2021). Importantly, the role of 

communication in mathematics extends beyond the subject itself, it contributes significantly to students’ 

cognitive development and fosters deeper mathematical thinking. 

Mathematical communication skills function as a crucial bridge between students’ cognitive 

processes and effective mathematics learning. The way students articulate their mathematical 

thinking—whether through written, oral, or visual means—directly reflects and shapes how they 

process mathematical information cognitively, which in turn influences their overall performance in 

mathematics (Sukasno et al., 2024). The significance of communication in mathematics is critical. The 

National Council of Teachers of Mathematics (NCTM) asserts that communication is not only a 

component of mathematics learning but a foundational element of mathematical understanding itself 

(Shinno & Fujita, 2021). This view is reinforced by contemporary educational frameworks that place 

communication skills at the core of students’ mathematical development. Through effective 

communication, students are better able to express ideas, justify reasoning, and demonstrate 

comprehension—key competencies for mastering mathematical concepts. Therefore, fostering 

students’ skill to communicate clearly, logically, and convincingly—both in written and oral forms—

is essential, as it emphasizes explanation, precision, and argumentation as integral aspects of 

mathematical literacy (Nauli et al., 2024). 

The interaction between communication skills and cognitive processes in mathematics education 

is both significant and multifaceted. The commognitive framework offers a meaningful perspective for 

analyzing and enhancing students’ mathematical communication abilities (Ching et al., 2020). By 

implementing strategies that emphasize precise language use, visual representations, contextual 

narratives, and consistent problem-solving routines, educators can significantly improve students’ 

capacity to express and comprehend mathematical ideas (Makgakga, 2023). Such approaches not only 
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support individual cognitive development but also contribute to more collaborative and engaging 

learning environments that are essential for students’ academic and professional readiness in 

mathematics (Chan et al., 2022; Matthews, 2024).  

One area where students often struggle to demonstrate effective mathematical communication is 

in learning the System of Linear Equations in Two Variables (SLETV). This topic involves two 

equations with two distinct variables, requiring students to integrate symbolic, graphical, and procedural 

understanding. However, studies have shown that students’ written mathematical communication in this 

context remains relatively weak. For example, Handayani & Wandini (2020) reported low performance 

across three key indicators: written explanations (33.00%), visual representations such as graphs or 

diagrams (36.41%), and mathematical expressions (14.44%). These findings highlight the ongoing 

challenge of fostering students’ written communication skills, particularly when working with abstract 

or multi-representational mathematical content like SLETV. 

To address these challenges, the commognitive framework provides a meaningful theoretical 

approach by integrating cognitive and communicative aspects of mathematical thinking (Setyowati et 

al., 2022). This framework consists of four key components: word use, visual mediators, narratives, and 

routines (Chan et al., 2022; Matthews, 2024). Word use refers to students’ skill to express known and 

unknown elements using precise mathematical language. Visual mediators include the use of graphs, 

tables, and diagrams to represent mathematical relationships. Narratives involve the structured 

explanation of mathematical facts, such as theorems or properties, while routines represent the 

procedures and problem-solving steps used to arrive at a solution. As supported by Zayyadi et al. (2019) 

applying the commognitive framework can enhance students’ skill to solve mathematical problems.  

 

Commognitive-Based Learning 

The commognitive framework, developed by Anna Sfard, provides an insightful perspective on 

algebra learning, especially regarding discourse and interaction. This framework asserts that 

mathematical learning is fundamentally a discursive activity, involving both communication practices 

and cognitive processes (Sfard, 2012). A notable application of this theory is found in studies examining 

the teaching and learning of algebraic concepts. For instance, the research by Daher & Swidan (2019) 

highlights how low-achieving students used interactive technological tools to engage with mathematical 

equality, underscoring the critical role of discourse in developing conceptual understanding through a 

commognitive perspective. The incorporation of dynamic media supports students’ discursive practices, 

enhancing engagement with algebraic principles.  

Moreover, Zayyadi et al. (2020) findings reveal how prospective teachers' content and 

pedagogical knowledge can be analyzed through a commognitive lens, demonstrating how specific 

discursive interactions between teachers and students, such as the use of visual mediators, can enhance 

algebra learning. This aligns with the assertion by Rahmatina et al. (2022) that commognitive 
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frameworks can positively influence students’ problem-solving capabilities in mathematical contexts, 

including algebra. Similarly, Makgakga (2023) demonstrated that applying problem-solving strategies 

grounded in the commognitive framework resulted in notable improvements in students’ performance 

in algebraic tasks. His findings emphasize the importance of teacher-led discourse and pedagogical 

strategies in implementing commognitive principles effectively in the classroom.  

In addition to algebra, the commognitive framework has also been employed to examine 

mathematical discourse related to functions in higher education. Research by Rabin et al. (2013), 

Venegas-Thayer (2019), & Viirman (2014) demonstrate how teaching and learning activities involving 

functions can be understood discursively—integrating communicative and cognitive skills in what 

Sfard (2012) refers to as the process of recognition. Sfard (2012) makes a distinction between literacy-

based talks that are typically spontaneous in ordinary life and conversations that possess the traits of 

mathematical discourse, which necessitates a learning process to engage in.  

This framework comprises the following cognitive elements: (1) word use; (2) visual mediators; 

(3) routines; and (4) endorsed narratives (Heyd-Metzuyanim & Sfard, 2012; Venegas-Thayer, 2019). It 

is not sufficient to merely produce representations when it comes to the skill to represent functions in 

equations, arrow diagrams, and graphs; mathematical language must also support these skills. It is 

highly probable that the abstract idea of function will be employed as a discursive object. Students get 

the chance to verbally explain their answers to instructional activities in the form of explanations using 

mathematical language related to the concept of function during student-teacher interactions. 

The term commognitive, a blend of "communication" and "cognitive," underscores this dual 

focus. As Ching et al. (2020) note, the commognitive framework encourages students to engage in 

discussions about concepts they are familiar with, thus fostering deeper understanding through 

language. When facilitated by teachers, such discourse not only promotes the development of 

mathematical thinking but also cultivates a sociocultural learning environment, where knowledge is co-

constructed through shared communication practices. 

To guide the implementation of commognitive-based learning in classrooms, Sfard (2012) 

proposed a set of practical indicators, as outlined in the Table 1. Indicator of commognitive-based 

learning: 

Table 1. Indicator of commognitive-based learning 

Commognitive-Based 

Learning Components 
Indicators 

Word Uses • Understand relevant information and utilize mathematical 

terminology while writing it. 

• Define the relationship between the known and unknown data, 

then enter it into a mathematical model. 

Visual Mediators • Identify the tables, graphs, and figures that can be used to depict 

mathematical concepts.  
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Commognitive-Based 

Learning Components 
Indicators 

Narratives • Explain information derived from visual mediators and word 

usage.  

• Give an explanation of the procedure plan. 

Routines • Execute the procedures for problem-solving and apply the 

corresponding mathematical formulas. 

• Verify the word use, visual mediator, routine, and narrative in 

order to comprehend issues, devise procedures, and execute the 

plan. 

 

These indicators in Table 1 were used in this study to design the steps of teaching and learning 

activities that support students’ development in written and oral mathematical communication as well 

as algebraic thinking. The commognitive framework serves as a pedagogical foundation in structuring 

lesson plans for teaching mathematical concepts. By emphasizing the interplay between communication 

and cognitive processes, this framework enables students to articulate their mathematical reasoning 

more effectively while deepening their conceptual understanding (Weingarden & Buchbinder, 2023). 

Specifically, the framework consists of four interrelated components—word use, visual mediators, 

narratives, and routines—each playing a critical role in supporting mathematical discourse and 

cognitive development (Gallego-Sánchez et al., 2023). When integrated into classroom practice, these 

components enhance student engagement by encouraging learners to express mathematical ideas both 

verbally and in writing, thus fostering meaningful communication in mathematics. 

In this study, the commognitive framework was employed to examine students’ algebraic 

thinking and written mathematical communication skills in solving problems involving systems of 

linear equations in two variables (SLETV). More specifically, the study aimed to: (1) describe 

statistically the relationship between algebraic thinking and oral communication skill, and (2) 

investigate students’ written mathematical communication skills and algebraic thinking when solving 

SLETV problems using a learning approach based on the commognitive framework. 

 

METHODS 

This study employs a mixed-methods approach using both descriptive qualitative and quantitative 

methods (Denscombe, 2014), with the aim of analyzing students’ algebraic thinking and mathematical 

communication skills within a commognitive-based learning framework, specifically on the topic of 

Systems of Linear Equations in Two Variables (SLETV). The stages of the research are summarized in 

Figure 1, which presents the structure of the study. The research process was organized into three 

interconnected phases: preparation, data collection, and data analysis and interpretation. During the 

initial phase, essential instruments were prepared, and research participants were determined. The data 

collection phase included classroom-based activities followed by the administration of assessments and 
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interviews. The final phase focused on analyzing the collected data using appropriate quantitative and 

qualitative techniques, followed by integrating the findings to generate a comprehensive understanding 

of students’ performance and discourse in the context of commognitive-based instruction. 

 

Figure 1. The research procedure flowchart 
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Hypotheses  

To examine the relationship between the two main variables—algebraic thinking skill (X) and 

oral mathematical communication skill (Y)—the following hypotheses were formulated: 

• H₀ (Null Hypothesis): There is no relationship between algebraic thinking abilities and students' 

oral mathematical communication abilities in the context of commognitive-based learning. 

• Hₐ (Alternative Hypothesis): There is a significant relationship between algebraic thinking 

abilities and students' oral mathematical communication abilities in the context of 

commognitive-based learning. 

 

Research Subjects and Sampling 

The research subjects were 29 students from Class VIII.8 of Junior High School 24 Palembang, 

selected using purposive sampling. This non-probability sampling technique was used to ensure 

participants had already mastered prerequisite mathematical concepts from the curriculum, allowing 

them to better engage with the SLETV topic. 

 

Research Instruments 

Data in this study were collected through two main instruments. The first instrument was a written 

test consisting of three open-ended questions, which were developed based on indicators of both written 

mathematical communication and algebraic thinking. The indicators of algebraic thinking were adapted 

from three key dimensions: general activities, transformational activities, and global meta-level 

mathematical activities. These dimensions provided a comprehensive framework for evaluating how 

students represent, manipulate, and reflect on algebraic problems. 

The second instrument was a semi-structured interview, conducted with selected students after 

the completion of the written test. The interview aimed to obtain more in-depth insights into the 

students’ oral mathematical communication skills during the problem-solving process, particularly in 

relation to the learning activities guided by the commognitive framework. The interviews allowed for 

the exploration of how students verbalized mathematical reasoning and engaged in discursive practices 

relevant to algebraic thinking. 

 

Data Collection Technique  

The written test was administered to all participants after they completed learning activities 

related to SLETV. Students' responses were collected and categorized based on a scoring rubric that 

classifies written communication skills into five levels: excellent, good, fair, poor, and very poor. 

Subsequently, interviews were conducted with selected students representing various levels of 
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performance to further explore their oral mathematical communication and how they expressed 

algebraic thinking through discourse. 

 

Data Analysis Procedures 

The quantitative analysis aimed to investigate the statistical relationship between students’ 

algebraic thinking (X) and their oral mathematical communication skills (Y), with both variables treated 

as ratio data. Regression analysis was employed to obtain the coefficient of determination and the 

correlation coefficient, indicating the strength and significance of the relationship between the two 

constructs. The analysis process was carried out using both Microsoft Excel and IBM SPSS Statistics 

24 to ensure accuracy and transparency. In addition, visual representations such as tables and graphs 

were generated using these tools to support the interpretation of results and enhance the clarity of the 

findings. 

The qualitative data, derived from students’ written responses and semi-structured interviews, 

were analysed descriptively using the commognitive framework. This analysis focused on identifying 

discursive patterns in students’ mathematical reasoning and communication by examining four core 

components of the framework: word use, visual mediators, narratives, and routines. These elements 

were used to interpret how students constructed and conveyed mathematical understanding, particularly 

in the context of solving SLETV problems. Through this approach, the study gained in-depth insights 

into students’ mathematical communication processes and the development of their algebraic thinking 

within commognitive-based learning activities. 

 

RESULTS AND DISCUSSION 

The implementation of commognitive-based learning revealed several significant aspects of 

students' algebraic thinking and oral mathematics communication skills. By applying their 

understanding of algebraic concepts for – such as equations – students can be guided to address real-

world problems when learning the system of linear equation through this framework. 

Commognitive-based learning offers students opportunities to explore and articulate the 

outcomes of their discussions through its structured approach. The collaborative dialogues that occur 

students work together to solve mathematical problems are closely related to their written and oral 

communication within the group activities guided by worksheets. Through their discussion, students 

can share ideas, clarify calculation methods and algebraic concepts utilized in problem solving, and 

deepen their understanding through reflection and peer feedback. When presenting the result of group 

discussions to the class, students can explain the concepts they employed and the graphs they 

constructed.  



Pratiwi, Zulkardi, Putri, & Hiltrimartin, Students’ Communication Skill and Algebraic … 421 

The information provided above plays a significant role in developing students’ algebraic 

thinking and oral mathematical communication skills, both of which are fostered through 

commognitive-based learning. This indicates that commognitive-based learning serves as a bridge 

between these two skills. Through this approach, data were collected from 29 students to examine the 

relationship between algebraic thinking capabilities and spoken mathematical communication abilities. 

The researcher began the study by implementing a learning process using research instruments, 

namely the lesson plan and the worksheet with commognitive framework learning approach. This 

approach was intended to observe the relationship between two abilities through the application of the 

learning. The learning process conducted by researchers revealed several important aspects related to 

students’ algebraic thinking abilities and oral mathematical communication abilities. Learning the 

SLETV through commognitive approach provides students with the opportunity to be guided in solving 

real-life problems using algebraic knowledge, particularly concepts such as straight-line equations, 

which they can apply prior to learning the SLETV.  

 

Algebraic Thinking Skills and Oral Communication Skills 

Data were collected from 29 students to examine the relationship between algebraic thinking 

skills and oral communication skills, as facilitated through a commognitive-based learning. Each 

variable was assessed using appropriate instruments: algebraic thinking was measured through written 

test items, while oral mathematical communication was explored through semi-structured interviews. 

These instruments were designed to ensure alignment with the learning objectives and to capture both 

the cognitive and communicative dimensions of students' mathematical engagement. 

The data from these two variables were subjected to Shapiro-Wilk normality test to determine 

whether they originated from a normally distributed population. The Figure 2 is following graphic 

displays the result of the SPSS normality test.  

 

 

Figure 2. Normality test of variable X and Y using Shapiro-wilk 
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Figure 2 demonstrates that the significance values for the two variables are 0.473 and 0.138, both 

of which are higher than the significance level of 𝛼 = 0.05. Consequently, the results indicate that the 

data of both variables originates from a normally distributed population. This result is further supported 

by the visual representation of the normality test through the Q-Q plot and histogram shown below in 

Figure 3a and Figure 3b. 

  

Figure 3a. Visualization of normality test of variable X with Q-Q Plot and histogram 

 

 

 

 

 

 

 

 

 

 

Figure 3b. Visualization of normality test of variable Y with Q-Q Plot and histogram 

 

Figure 3a and Figure 3b showed the visualization of normality tests. The Q-Q plots show minimal 

deviation of the data points from the reference lines, indicating the quantiles of the X and Y variables 

closely follow a normal distribution. The two histograms also display a normal curve form. This 

visualization is consistent with the results of the SPSS normality test for both variables. Upon 

confirming that the data originates from a normally distributed population, the subsequent regression 

equation analysis can be conducted. Figure 4 is a scattering plot of algebraic thinking skills and oral 

mathematical communication skills. 
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Figure 4. Scatter plot of algebraic thinking skills and oral mathematical communication skills 

A blue linear line, known as a trend line or regression equation line, is visible in the scatter plot 

above (See Figure 4). The regression equation can be derived by using Excel to calculate the necessary 

constant values. 

                     Ŷ = 14.49 + 0.7X                               (1) 

 

The scatter plot's trendline, or regression equation has a gradient of 0.7 and a y-intercept at 14.49. 

The anticipated value of variable Y, which used to compute the coefficient of determination, can be 

derived from this regression equation. Excel calculation yielded a coefficient of determination of 0.56. 

The correlation coefficient was also calculated by taking the square root of the coefficient of 

determination (0.75). The following Figure 5 was SPSS tests can also verify this calculation. 

 

Figure 5. The results of linear regression algebraic thinking skills and oral mathematical 

communication skills 

 

Figure 5 shows the evident that the correlation and determination coefficient values we compute 

match the R and R squared values provided by SPSS. To determine whether these values obtained can 

be generalized to the population, the significance of the correlation coefficient and coefficient of 

determination must be assessed. Figure 6 is the T test that was used for this analysis.  

 

Figure 6. T test result of algebraic thinking skills and oral mathematical communication skills 
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The significant value, or p-value, of the t test above is 0.000, which is less than the significance 

level of α=0.05 (See Figure 6). This value will now be analyzed to draw conclusions from the developed 

hypothesis. According to the data analysis results, the correlation coefficient is 0.75, the coefficient of 

determination is 0.56, the t-value is 5.82, and the p-value is 0.000003. The correlation coefficient 

interpretation table from Olive et al. (2010) will be used to interpret the correlation coefficient value. 

Table 2 were presented with the interpretation of coefficient correlation (R) value. 

Table 2. Coefficient correlation interval   

Correlation Coefficient Interval Level of Correlation 

−0.200 ≤ 𝑅 ≤ 0.200 Very low 

−0.400 ≤ 𝑅 ≤ −0.200, 0.200 ≤ 𝑅 ≤ 0.400 Low 

−0.600 ≤ 𝑅 ≤ −0.400, 0.400 ≤ 𝑅 ≤ 0.600 Average 

−0.800 ≤ 𝑅 ≤ −0.600, 0.600 ≤ 𝑅 ≤ 0.800 Strong 

−1.000 ≤ 𝑅 ≤ −0.800, 0.800 ≤ 𝑅 ≤ 1.000 Very Strong 

         

Figure 5 depicts the obtained correlation coefficient value indicates a strong relationship, falling 

within the interval range 0.600 < 0.75 ≤ 0.800, which is categorized as strong (See Table 2). 

Additionally, this positive correlation coefficient value suggests a one-way relationship, indicating that 

as variable X increases, variable Y also increases, and vice versa, for the two variables under study. The 

coefficient of determination value indicates the extent to which one variable influences the other. In this 

case, the computed coefficient of determination value is 0.56.  

Figure 6 demonstrates that variable X has a considerable influence on variable Y. 

The result of the t-test yielded a p-value of 0.000003, which is considerably small and well below the α 

= 0.05 threshold. This indicates that the obtained data is highly unlikely to have occurred by chance. 

Therefore, it can be concluded that the data is significantly different from other data with higher p-

values, which suggests that H0 can be rejected, and a statistically significant difference exists. 

The results of this study indicate a statistically significant and strong positive correlation between 

students' algebraic thinking skills and their oral mathematical communication abilities. The regression 

analysis revealed a correlation coefficient (r = 0.75) and a coefficient of determination (R² = 0.56), 

signifying that approximately 56% of the variance in students’ oral mathematical communication skills 

can be explained by their algebraic thinking capabilities. This finding aligns with previous studies 

emphasizing the interconnected nature of mathematical thinking and communication, particularly in 

algebraic contexts (Sfard, 2012; Blanton et al., 2015). The commognitive-based learning environment 

employed in this research provided a structured yet collaborative space that promoted both the 

development and articulation of algebraic concepts, enabling students to link symbolic reasoning with 

verbal explanation effectively. 
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Written Communication Skills through Commognitive Learning 

The data used in this study were obtained from students’ written responses to test items involving 

SLETV, designed within a commognitive-based learning framework. The aim was to examine the 

emergence of written mathematical communication indicators, such as the use of symbolic language, 

algebraic manipulation, representation of real-world contexts using mathematical models, and the 

interpretation of graphical solutions. Students’ written work, such as the construction of equations, 

substitution or elimination methods, graph plotting, and justification of answers, were carefully 

analysed. 

The students’ responses were categorized into five levels: excellent, good, fair, poor, and very 

poor. These categories were based on the accuracy, completeness, and clarity of mathematical 

expressions and explanations. For instance, as shown in the sample answer (Figure 7), the student 

correctly translated the context into two linear equations, applied substitution to find the intersection 

point (600, 500), and used a labelled graph to reinforce the solution. Subjects were then selected based 

on these performance levels and further validated through recommendations from their mathematics 

teachers. 

 

 

 

 

 

 

 

 

 

 

Figure 7. S1's solution in the written test (excellent level) 

 

Based on Figure 7, S1 can ascertain what is known, what is asked, and develop mathematical 

models. The student demonstrates the ability to identify known information, interpret the problem 

context, and formulate two appropriate linear equations representing the total ticket sales. S1 proceeds 

to solve the equations algebraically—using substitution or elimination—and finds the solution as the 

point of intersection, (600, 500), which is interpreted in the context of the problem. 

Furthermore, S1 constructs a coordinate graph with properly labelled axes and plots the two 

equations accurately, indicating the intersection point as the solution. This demonstrates proficiency in 

mathematical representation and interpretation. In the other hand, S1 shows strong written mathematical 

communication skills through three key indicators: (1) translating contextual problems into 

Answer 

Equation 1 Equation 2 

Intersection point (600, 500) 

Asked a 

mathematical 

model? Total 

sales of each 

ticket. 
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mathematical models, (2) performing accurate algebraic procedures, and (3) representing and 

interpreting solutions graphically.  

To further explore students’ written mathematical communication skills, responses from Subject 

S2 were analyzed based on the same problem-solving task. Figure 8 presents Subject S2’s written 

response to the task.  

 
English version:  

Ticket 1 = x, ticket 2 = y 

Many tickets 1 and 2 there are a total of 550 pieces. from tickets 1 and 2 sold for 15,000,000 

Figure 8. S2 student’s solution in the written test (good level) 

 

Based on Figure 8, S2 demonstrates the ability to respond to the test questions appropriately. The 

written work shows that the student can identify the known information, determine what is being asked, 

and construct relevant mathematical models. This is also supported by the following interview excerpt: 

R : “While working on the problem did you have any difficulties in solving it?” 

S2 : “No, Mam.” 

R : “How did you solve it?” 

S2 : “From the information in the problem.” 

R : “What is the information?” 

S2 : ““There are 1 ticket and 550 tickets, and the price of ticket 1 is 25,000 and 

the price of ticket 2 is 30,000. Then the total sales are 15,000,000.” 

R : “What is asked from the question?” 

S2 : ““Find the mathematical model and price of ticket 1 and ticket 2.” 

R : ““How to determine the math model?” 

S2 : “By assuming ticket 1 = x and ticket 2 = y. Because the sum of all tickets 1 

and ticket 2, then the equation x + y = 550.” 

 

This dialogue indicates that S2 understands the context of the problem and can translate verbal 

information into mathematical form. Furthermore, S2 represents the situation graphically in the 

Cartesian plane, although with a slight error in determining the intersection point of the two lines. In 

terms of mathematical expression, S2 can carry out the necessary computations accurately and 

completely. Overall, all three indicators of written mathematical communication—understanding the 
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problem, expressing mathematical ideas, and visual representation—emerged clearly in S2’s 

performance, supported by both written work and verbal explanation. 

The following Figure 9 presents Subject S3’s written response to the test, which illustrates how 

the student applied commognitive-based learning in solving a SLETV. This response will be analyzed 

to identify the emergence of written mathematical communication indicators. 

 

Figure 9. S3 student’s solution in the written test (fair level) 

 

Figure 9 indicates that S3 demonstrates fair (moderate) skill in written exam indicators, although 

the response remains incomplete. In other words, S3 tends to proceed directly to solving mathematical 

models without fully articulating the problem-solving process in writing. In the drawing section, S3 is 

only able to define cartesian coordinates and is unable to determine the coordinate points. However, in 

terms of mathematical expressions, S3 can calculate equation coordinates accurately. Like S2, S3 

demonstrates the emergence of all three indicators of written mathematical communication skills; 

however, in the drawing portion, the graph representation is incomplete, with only the Cartesian 

coordinates being shown. Meanwhile, the response from a student categorized as poor can be seen in 

Figure 10. 

                  

Figure 10. S4 student’s solution in the written test (poor level) 

 

English version: 

1 or 2 there are a total of 550 

pieces, and 1 and 2 tickets 

are sold in 15,000,000. 



428                                                                      Mathematics Education Journal, Volume 19, No. 3, July 2025, pp. 413-436 

 Figure 10 illustrates that S4 demonstrates limited skill in correctly answering the questions. 

While S4 performs reasonably well in identifying the known information in the written exam indicator, 

this occurs despite the question not being explicitly presented. However, the mathematical model 

developed by S4 contains several errors. In terms of the drawing indicator, S4 does not produce any 

visual representation and is therefore unable to demonstrate this aspect. Regarding the mathematical 

expression indicator, S4 is still unable to provide a fully accurate, step-by-step answer and appears 

unaware of the correct procedure to follow. Consequently, only two of the three indicators of written 

mathematical communication skill, the written test and mathematical expression—are partially 

demonstrated by the S4, with notable errors still present in the mathematical expression. Meanwhile, 

the response from a student categorized as very poor can be seen in Figure 11. 

 

Figure 11. S5 student’s solution in the written test (very poor level) 

Figure 11 illustrates that subject S5 did not accurately complete the written exam indicator. The 

subject only wrote the mathematical model of the problem without identifying what was known or what 

was being asked. Furthermore, the drawing and mathematical expression indicators were not 

demonstrated at all. Based on the data analysis, the written test indicators of mathematical 

communication skills are the most frequently observed during the problem-solving process. In general, 

students can construct mathematical models and identify key information from the questions, such as 

known values and the specific questions being asked.  

 

Algebraic Thinking Skill and Oral Mathematical Communication Skill of Students  

The skill to think algebraically is described by Kontorovich (2021) as the use of algebraic "tools" 

to solve real-world problems. By examining the indicators used to assess students' algebraic thinking 

abilities, it becomes clear that students' skills in using algebra itself are central to solving real-world 

problems. This includes how students generalize real-world problems into mathematical language 

models, select and apply correct and appropriate algebraic tools to process these models, and finally 

interpret the results in the context of the real world. All of these components are encompassed in 

algebraic thinking skills (Sfard, 2012; Venegas-Thayer, 2019). 

This algebraic thinking skill is theoretically a continuation of arithmetic thinking skill (Amalia et 

al., 2023). It is undeniable that the "tools" students use to solve algebraic problems are abstract in nature. 

Mastery of these tools requires further adjustment, particularly for students transitioning from 
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arithmetic studies to algebra. In addressing this abstraction, students cannot rely solely on themselves; 

there must be communication between them and their environment to support their understanding. 

 

Algebraic Thinking Skills and Oral Communication Skills 

In practice, students’ understanding of algebra depends not only on their cognitive abilities but 

also on the influence of their surrounding environment. This was evident in class VIII.8 students at 

Junior High School 24 Palembang. Effective mathematical communication with the teacher positively 

influences students' success in understanding algebra. Additionally, group discussions, presentations 

and question-and-answer sessions, and peer teaching—where students who grasp the concepts help 

those who do not—serve as forms of oral mathematical communication that facilitate the construction 

of students' understanding. These findings correspond to the fact that the correlation coefficient value 

obtained, which indicates a strong positive relationship between students' algebraic thinking abilities 

and their oral mathematical communication abilities. In other words, an improvement in students’ 

algebraic thinking abilities is accompanied by a corresponding enhancement in their oral mathematical 

communication skills. 

Commognitive approach also has an important role in encouraging a relationship between 

students' algebraic thinking abilities and oral mathematical communication abilities. The learning 

process, provided by researchers through instruments designed to elicit indicators of these two abilities, 

supports this connection. Through group worksheets activities, students not only generate algebraic 

ideas to solve problems but are also required to collaborate, discuss, and work together with peers. This 

process enables students to combine algebraic thinking skills with good oral communication in solving 

algebra-related problems. Therefore, the observed relationship between students’ algebraic thinking and 

oral mathematical communication abilities demonstrates a strong correlation. 

This strong positive relationship between algebraic thinking abilities and students' oral 

mathematical communication abilities is also closely linked to the teacher’s role in designing learning 

activities that integrated oral mathematical communication as a tool to support students’ understanding 

of algebraic concepts and their real-life applications. In practice, researchers realize that students from 

diverse backgrounds have different approaches to understanding concepts. Data indicate that a small 

number of students with relatively good algebraic thinking skills still exhibit weak oral mathematical 

communication skills, and vice versa—some students with strong oral communication skills lack 

sufficient algebraic thinking abilities (Blanton et al., 2015). However, the role of oral mathematical 

communication here is not merely as a learning method, but rather as a means of translating 

mathematical language, which has its own uniqueness. This mathematical language can sometimes act 

as a barrier for students in understanding abstract mathematical concepts, particularly algebra. Strong 

oral mathematical communication skills are certainly beneficial for students in understanding algebra, 
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and conversely, students with strong algebraic thinking skills are likely to demonstrate good oral 

mathematical communication skills. 

This is also one of the factors that explains why the level of relationship between students' 

algebraic thinking abilities and their oral mathematical communication skills through commognitive 

learning falls into the category of a strong positive relationship. The relationship between these two 

abilities cannot be separated from the extent to which one contributes to the development of the other. 

The researchers calculated the coefficient of determination using a regression equation based on the 

collected data, resulting in a coefficient of determination value of 0.55. This value shows that the 

formation of oral mathematical communication skills is significantly influenced by algebraic thinking 

abilities. Among the various factors that influence the formation of oral mathematical communication 

skills, more than half of the process is attributed to algebraic thinking skills (Byers, 2016). This 

relatively high value aligns with the notion that the application of algebraic thinking fosters students’ 

skill to understand mathematical language in a more formal and accurate manner. Students' skill to 

communicate is also developed through abstract symbols, which students must be able to represent both 

in written and visual form. However, this value does not suggest that algebraic thinking is the sole factor 

in developing students' mathematical communication abilities; other contributing factors also play a 

role (Suwardi, 2022; Zayyadi et al., 2019). This aligns with the data showing that some students still 

exhibit an imbalance between these two abilities. 

The learning design embedded in the commognitive approach played a pivotal role in fostering 

these skills. Through the integration of worksheets, group problem-solving tasks, and whole-class 

presentations, students were given opportunities to externalize their algebraic reasoning in both written 

and spoken forms. This is consistent with Sfard’s (2008) theory, which posits that thinking and 

communicating in mathematics are inherently intertwined. As students moved between discursive 

practices—talking, writing, modelling—they engaged in a process of mathematizing real-world 

contexts, which further reinforced their understanding. Moreover, the learning involving engaging 

communication allowed for meaningful contextualization, helping students transition from procedural 

operations to conceptual comprehension (Byers, 2016; Kontorovich, 2021). 

The study also identified individual variances in the strength of this correlation. While most 

students who demonstrated strong algebraic thinking also exhibited proficient oral communication 

skills, a few exceptions were noted. This suggests that while algebraic competence significantly 

contributes to students’ ability to communicate mathematically, it is not the sole determinant. Factors 

such as linguistic fluency, confidence in public speaking, and familiarity with mathematical discourse 

conventions may also influence performance (Zayyadi et al., 2019; Suwardi, 2022). As such, 

instructional strategies that explicitly support discourse norms in mathematics—such as structured talk 

moves, sentence starters, and peer-feedback protocols—should be incorporated to scaffold students’ 

verbal expression alongside their symbolic reasoning. 



Pratiwi, Zulkardi, Putri, & Hiltrimartin, Students’ Communication Skill and Algebraic … 431 

The implication of this study extends to both curriculum design and pedagogical practice. A 

deliberate integration of algebraic thinking and oral communication within mathematical instruction not 

only promotes a deeper conceptual grasp of algebra but also prepares students for collaborative 

problem-solving in real-life contexts. This reinforces the assertion that communication is not merely a 

byproduct of mathematical understanding but a vital component of it (Venegas-Thayer, 2019; Amalia 

et al., 2023). Hence, adopting a commognitive lens in mathematics education offers a powerful 

framework for bridging the gap between thought and expression, thereby enhancing both cognitive and 

communicative dimensions of learning. 

 

CONCLUSION  

 Based on the analysis of data collected from eighth-grade students at Junior High School 24 

Palembang, a strong positive correlation (r = 0.75) was found between students’ oral mathematical 

communication skills and their algebraic thinking skills when taught through a commognitive-based 

learning approach. This statistically supports the alternative hypothesis (Ha), indicating that students 

who communicate their reasoning effectively are also more capable of engaging in algebraic thinking. 

In addition to the statistical analysis, a detailed examination of students’ written responses revealed 

varied levels of mathematical communication skills. Among the 29 students assessed, four students 

were categorized as excellent, nine students as good, 11 students as average, three students as poor, and 

two students as very poor. These assessments were based on three indicators: written test responses, 

mathematical expressions, and diagrammatic representations. Most students successfully identified 

known information, interpreted the question, and formulated algebraic models, showing evidence of 

algebraic reasoning. However, fewer students could accurately express solutions graphically or 

symbolically, especially in terms of constructing coordinate graphs and performing algebraic 

computations. These findings suggest that the commognitive framework supports not only oral 

interaction but also fosters the development of written mathematical communication and algebraic 

thinking. Students’ written work reflected varying levels of integration between conceptual 

understanding and symbolic representation, pointing to the importance of continued support in helping 

students externalize their thinking both verbally and in written form. Another long-term implication of 

this research also contributes significantly to the advancement of basic education by generating 

evidence-based knowledge that informs educational policies, enhances instructional practices, and 

promotes the improvement of student learning outcomes. However, this study is limited by its small 

sample size and single-school setting, which may affect the generalizability of the findings. The future 

studies of the relationship between students' mathematical communication skills and algebraic thinking 

through a commognitive-based learning approach can be enriched by addressing several critical 

dimensions. First, expanding the sample size beyond the confines of a single institution would be 

necessary to ensure that the findings are widely applicable across different educational contexts. A 
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larger and more diverse sample could provide deeper insights into the variations of students' 

communication and algebraic abilities, enhancing the robustness of the results. Such an approach would 

facilitate a more comprehensive understanding of how commognitive frameworks operate across 

varying demographic and socio-economic backgrounds, which have been shown to impact educational 

outcomes. 
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