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This study aims to identify and validate the latent factors influencing secondary
students’ mathematical communication competence from the perspective of
mathematics teachers in Vietnam. A quantitative cross-sectional survey design
was employed. Data were collected from 533 mathematics teachers and randomly
split into two subsamples for exploratory factor analysis (EFA, n = 266) and
confirmatory factor analysis (CFA, n = 267). The results revealed a five-factor
structure explaining 65.95% of the total variance, including teaching methods and
models, students’ individual characteristics, mathematical communication
competence, classroom environment and interactions, and learning resources and
support tools. CFA results confirmed good model fit and established reliability,
convergent validity, and discriminant validity. These findings contribute to the
identification and preliminary validation of a context-specific measurement model.
Practically, the results provide a provide a basis for designing instructional
strategies and improving classroom practices to enhance students’ mathematical
communication competence in alignment with Vietnam’s 2018 General Education
Curriculum.

Keywords: mathematical communication competence, secondary education, EFA, CFA,
measurement model

INTRODUCTION

In contemporary mathematics education, mathematical communication competence is
widely recognized as a core component of students’ mathematical development. Beyond
expressing ideas, mathematical communication enables learners to construct meaning,
connect natural language with mathematical symbols, and engage in reasoning,
explanation, and argumentation (Nguyen et al., 2025; Rivai & Slamet, 2021). Previous
studies have suggested that mathematical communication is associated with students’
problem-solving ability, critical thinking, and collaborative engagement (Rusdi et al.,
2020).
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From a theoretical perspective, mathematical communication competence is
conceptualized as a latent construct reflected in students’ abilities to express, interpret,
and justify mathematical ideas through the appropriate use of language, symbols, and
representations. This conceptualization is grounded in constructivist and sociocultural
perspectives, which view mathematical understanding as developing through processes
of meaning-making and social interaction within instructional contexts (Vygotsky,
1978; Cobb, 1994). In this sense, mathematical communication competence is not a
single directly observable behavior, but a complex construct inferred from multiple
interrelated forms of cognitive and communicative activity.

Importantly, this study does not conceptualize instructional practices, learner
characteristics, classroom environment, and learning resources as intrinsic components
of mathematical communication competence. Rather, these dimensions are treated as
key contextual and pedagogical factors that influence its development and
manifestation. This distinction allows for a clearer separation between the construct
itself, reflected in students’ communicative performance, and the conditions under
which such competence is fostered in classroom settings.

Internationally, many studies have examined mathematical communication through
classroom interventions or by describing students’ observable performances,
particularly at the secondary level. However, relatively few studies have focused on
developing and validating comprehensive measurement models of this construct using
large-scale data and modern factor-analytic techniques such as EFA and CFA (Nguyen
et al., 2025). More recent research has continued to evaluate the effectiveness of
specific instructional approaches - such as the SE model, problem-based learning, and
collaborative learning - in enhancing students’ communication outcomes (Nguyen et al.,
2024; Siswantari et al., 2025), while less attention has been paid to the latent structure
underlying mathematical communication competence and the broader conditions that
shape it.

In Vietnam, the 2018 General Education Curriculum identifies mathematical
communication as one of the five core components of mathematical competence and
defines it as the ability to use mathematical language to present, justify, and evaluate
ideas and solutions flexibly (MOET, 2018). Nevertheless, a recent systematic review of
Vietnamese studies published between 2018 and 2025 indicates that most existing
research has concentrated on instructional design or small-scale interventions, whereas
large-scale studies with validated measurement models remain limited (Nguyén, 2025).
This gap constrains both theoretical clarification and the development of evidence-based
instructional and policy decisions.

In addition, prior research has predominantly focused on students’ performance or on
the effectiveness of particular teaching interventions. By contrast, the present study
approaches the issue from the perspective of mathematics teachers, who directly
observe students’ communication practices in classroom settings and play a central role
in designing the instructional conditions that may support or hinder such competence.
This perspective is therefore particularly valuable for identifying the latent factors that
teachers perceive as shaping students’ mathematical communication competence.
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Against this background, the present study aims to identify and validate the latent factor
structure influencing Vietnamese secondary students’ mathematical communication
competence from the perspective of mathematics teachers. Conceptually, the study
focuses on a multidimensional set of influencing factors grounded in prior literature and
theory; methodologically, it employs a sequential EFA-CFA design to explore and
validate that structure. Accordingly, the study addresses the following research
questions:

RQ1: What latent factors influence Vietnamese secondary students’ mathematical
communication competence?; RQ2: Are these factors reliable and valid for future
research?

By addressing these questions, the study contributes to the literature by providing a
context-specific and empirically validated model of the factors shaping mathematical
communication competence, while also offering implications for instructional design
and teacher professional development.

Literature Review

Mathematical communication is recognized as one of the five core components of
mathematical competence in Vietnam’s 2018 Mathematics General Education
Curriculum, encompassing four key manifestations: comprehension and note-taking of
mathematical information; oral and written expression; flexible use of mathematical,
everyday, and non-verbal language; and confidence in discussion and argumentation
(MOET, 2018). International frameworks also underscore the pivotal role of
communication in mathematics learning. According to NCTM (2000), communication
is a central process in mathematics education; PISA (OECD, 2019) integrates
communication within applied mathematical competence; and TIMSS (Mullis &
Martin, 2017) highlights reasoning and the coherent articulation of mathematical ideas.
Collectively, these frameworks affirm that mathematical communication is fundamental
to knowledge construction and the development of critical and systematic thinking
(Rusdi et al., 2020).

From an empirical perspective, studies have approached mathematical communication
from multiple angles. Some authors have emphasized students’ individual
characteristics, including mathematical background, symbolic ability, cognitive styles,
confidence, and math anxiety (Jati & Slamet, 2017; Rusdi et al., 2020; Nguyen et al.,
2025). Qualitative and empirical studies further indicate that students’ adversity
quotient and reasoning ability are closely associated with their capacity to present,
model, and explain mathematical ideas (Cahyadi & Susanah, 2025; Aljura et al., 2025).
At the classroom level, prior knowledge, precision in symbol use, and mental
computation ability also contribute to students’ confidence and clarity in expressing
ideas (Pourdavood et al., 2020). However, these studies often examine such
characteristics separately, with limited attention to their interaction with instructional
and contextual conditions, suggesting the need for more integrated analytical
approaches.
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Many studies have highlighted the importance of classroom environment and social
interaction in shaping mathematical communication competence. A psychologically
safe environment, clear interaction rules, and structured discussion are associated with
improved participation and more coherent expression (Aini et al., 2020; Kuncoro et al.,
2023; Pourdavood et al., 2020; Sumaji et al., 2020). Domestic research also suggests
that scientific debate and collaborative discussion foster students’ confidence in
presenting and critiquing mathematical ideas (Nguyén, 2022). Nevertheless, these
environmental factors are often considered in isolation rather than as part of a broader
system influencing communication competence.

Another strand of research emphasizes the role of teaching methods and instructional
models. Active learning approaches - including SE, 7E, inquiry-based learning,
problem-based learning create opportunities for discussion, argumentation, and
presentation (Aini et al., 2020; Jati & Slamet, 2017; Pratiwi et al., 2020). Empirical
evidence shows that problem-based learning and technology integration enhance
students’ communication outcomes (Pertiwi et al., 2025; Amallya et al., 2025;
Yaniawati et al., 2019; Wardono et al., 2020). Digital learning environments such as
flipped classrooms also expand interaction and presentation opportunities (Saferlin et
al., 2025), while technology-supported instructional materials such as e-LKPD foster
explanation and representation (Hidayat & Aripin, 2023). While these findings
consistently support the effectiveness of instructional innovations, they also suggest that
teaching methods function not as isolated interventions but as part of a broader system
interacting with student and environmental factors.

In addition, various cooperative and constructivist models - including Learning Cell,
TGT, and ACODESA - have demonstrated positive effects on communication,
collaboration, and reflective thinking (Amelia et al., 2025; Atnar et al., 2025; Indriani &
Angraini, 2025; Tong et al., 2021). Research in realistic mathematics education further
indicates that hypothetical learning trajectories can support communication through
structured modeling processes (Nuraida & Amam, 2019). Constructivist approaches and
STEM-based inquiry environments also enhance students’ ability to express and justify
mathematical ideas (Putri & Jamaan, 2025; Hadi & Rusdiana, 2025). Consistent with
these findings, Vietnamese studies confirm that requiring students to present, defend,
and critique ideas significantly improves communication competence ( Nguyén, 2022).

Learning resources and supporting tools play a pivotal role in facilitating mathematical
communication. Instructional materials such as worksheets, visual representations, and
digital tools support clarity and coherence in students’ expression (Ismail et al., 2020;
Yulian, 2018). In digital environments, multimodal tools (videos, visualizations,
interactive platforms) enhance students’ ability to articulate ideas effectively (Saferlin et
al., 2025). The use of GeoGebra, symbolic representations, and visual aids further
strengthens precision in communication (Amallya et al., 2025). These findings are
reinforced by systematic reviews emphasizing the role of learning resources in
developing mathematical communication competence (Nguyen et al., 2025; Nguyén,
2025).

International Journal of Instruction, October 2026 ® Vol.19, No.4



Hang & Giang 725

Overall, the literature indicates that mathematical communication competence is shaped
by multiple interrelated factors, including learner characteristics, classroom
environment, instructional approaches, and supporting tools. However, most prior
studies have examined these dimensions independently or within restricted contexts.
Research that integrates EFA and CFA to construct and validate a comprehensive
measurement model remains relatively limited, particularly in the Vietnamese context
(Nguyén, 2025). This gap justifies the present study.

METHOD
Research Design

This study adopts a quantitative approach within a positivist paradigm. It is designed as
a cross-sectional survey and specifically aims at scale development and validation. A
sequential EFA-CFA design was employed to first explore and then confirm the latent
structure of the proposed measurement model, in alignment with the research questions.

Participants and Data Collection

A total of 546 mathematics teachers from secondary schools across Vietnam initially
participated in the study. Data were collected through an online questionnaire
distributed via Google Forms. A convenience sampling strategy was employed based on
accessibility and professional networks. After excluding 13 invalid responses due to
incomplete information or response inconsistency, 533 valid responses were retained
(98% of the original dataset). Table 1 presents the demographic characteristics of the
sample, including gender, teaching experience, and teaching location.

Table 1
Demographic characteristics of surveyed mathematics teachers
Variable Frequency (n)
Male 113
Gender Female 420
1 — 5 years 310
5—10 years 120
. . 10 — 15 years 50
Teaching Experience 1520 years 31
20 — 25 years 10
25 years 12
Ha Noi 38
Thanh Héa 40
Nghé An 290
Ha Tinh 50
Teaching Location Quang Tri 20
Lam Pong 20
Ho Chi Minh City 15
Pong Nai 20
Tay Ninh 40
Total 533

The sample consisted of 533 teachers, with females accounting for 78.9% (n = 420) and
males 21.1% (n = 113), reflecting the gender distribution typical of the teaching
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profession in Vietnam. Teachers with 1-5 years of experience constituted 58.2% of the
sample. In terms of geographical distribution, Nghe An province accounted for the
largest proportion (54.4%), which may limit the representativeness of the sample.
Participation was voluntary, informed consent was obtained, and all responses were
collected anonymously to ensure confidentiality. All data were used solely for research
purposes.

Research Instrument

The questionnaire was developed based on a synthesis of relevant theoretical and
empirical studies. An initial conceptual model was derived from the literature,
distinguishing between influencing factors and the outcome construct of mathematical
communication competence. The instrument consisted of 24 items measured on a five-
point Likert scale (1 = Strongly Disagree to 5 = Strongly Agree). The observed
variables were coded from Q1 to Q24 and organized into two groups. Items Q1-Q19
capture teachers’ perceptions of factors influencing students’ mathematical
communication competence, including teaching methods and models, students’
individual characteristics, classroom environment and interactions, and learning
resources and support tools. Items Q20-Q24 represent observable indicators of students’
mathematical communication competence, reflecting expected learning outcomes
defined in Vietnam’s 2018 Mathematics General Education Curriculum and aligned
with international frameworks.

Content validity was established through expert review by three specialists in
mathematics education and research methodology, focusing on clarity, relevance, and
construct alignment. Based on their feedback, several items were refined. Construct
validity and reliability were subsequently assessed through EFA, CFA, and reliability
indices.

Data Analysis

Data analysis was conducted using SPSS 25.0 and AMOS 24.0 in two stages. SPSS was
used for descriptive statistics and EFA to identify the factor structure, while AMOS was
used for CFA to test the measurement model and evaluate model fit. The dataset was
randomly split into two subsamples to explore and validate the model on independent
data.

First, descriptive statistics were used to assess data distribution. Indicators including
mean, standard deviation, skewness, and kurtosis were examined, with acceptable
thresholds of £2 indicating approximate normality (Byrne, 2013; Kline, 2023). Next,
EFA was conducted to identify the latent factor structure. Sampling adequacy was
confirmed using KMO (> 0.70) and Bartlett’s test (p < 0.05), indicating that the data
were suitable for factor analysis. Factors were extracted using Principal Component
Analysis with Varimax rotation, based on Eigenvalues > 1, scree plot inspection, and
total variance explained > 50% (Hair et al., 2009). Internal consistency was assessed
using Cronbach’s Alpha > 0.70. Finally, CFA was performed to validate the
measurement model. Model fit was evaluated using commonly accepted SEM criteria
(y¥df < 3, CFl and TLI > 0.90, RMSEA < 0.08, and PCLOSE > 0.05). Reliability and
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convergent validity were assessed using Composite Reliability (CR > 0.70) and
Average Variance Extracted (AVE > 0.50) (Hair et al., 2009; Hu & Bentler, 1999).

FINDINGS
Descriptive Statistics

To examine the distributional characteristics of the dataset and verify the assumptions
for factor analysis, descriptive statistics were first conducted. Table 2 presents the mean,
standard deviation, skewness, and kurtosis values of the 24 observed variables.

Table 2

Means, standard deviations, kurtosis, and skewness of observed variables
Variables Mean Std. Deviation Kurtosis Skewness
Ql 3.4323 0.81792 -0.307 0.011
Q2 3.4624 0.76756 -0.372 -0.049
Q3 3.5639 0.71484 -0.202 -0.133
Q4 3.4812 0.6961 -0.199 0.169
Q5 3.3609 0.67671 -0.166 0.075
Q6 3.3835 0.7343 -0.272 0.064
Q7 3.4962 0.7536 -0.325 -0.147
Q8 3.5075 0.73839 0.036 -0.281
Q9 3.4398 0.71517 -0.252 -0.005
Q10 3.5075 0.79737 -0.443 0.043
Q11 3.3383 0.72045 0.086 0.062
Q12 3.5639 0.73565 -0.344 0.15
Q13 3.3759 0.82051 -0.085 0.115
Q14 3.5 0.79265 -0.427 0.046
Q15 3.4286 0.69266 0.188 0.018
Q16 3.3797 0.7181 -0.261 0.029
Q17 3.5038 0.6909 -0.216 0.194
Q18 3.5564 0.7664 -0.046 -0.166
Q19 3.4361 0.7756 0.325 -0.152
Q20 3.5226 0.74824 -0.324 0.113
Q21 3.4887 0.74344 -0.289 0.15
Q22 3.3383 0.7099 0.056 -0.02
Q23 3.4925 0.73839 -0.289 -0.059
Q24 3.6316 0.75709 0.054 -0.217

As shown in Table 2, the mean values ranged from 3.33 to 3.63, indicating a generally
positive level of agreement among teachers. Standard deviations ranged from 0.68 to
0.82, suggesting moderate variability across responses. Skewness and kurtosis values
fell within the acceptable range of £2 (Byrne, 2013; Kline, 2023), indicating that the
data were approximately normally distributed. These results confirm that the dataset
meets the assumptions required for subsequent factor analysis.

Exploratory Factor Analysis (EFA)

To address Research Question 1, EFA was conducted to identify the latent factor
structure underlying the observed variables. Prior to extraction, sampling adequacy and
data suitability were assessed. Table 3 presents the results of the KMO and Bartlett’s
test.
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Table 3

KMO and bartlett’s test of sampling adequacy
KMO and Bartlett’s Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .801
Approx. Chi-Square 2985.809
Bartlett’s Test of Sphericity Df 276
Sig. .000

The KMO value of 0.801 indicates good sampling adequacy, while Bartlett’s test was
statistically significant (¥*(276) = 2985.809, p < .001), confirming that the correlation
matrix is suitable for factor analysis. These results demonstrate that the data are
appropriate for extracting latent factors.

To determine the number of factors, eigenvalues and total variance explained were
examined. The results are presented in Table 4.
Table 4

Exploratory factor analysis results
Total Variance Explained

< Initial Bi Extraction Sums of Squared Rotation Sums of Squared

= Initial Eigenvalues - :

5 Loadings Loadings

5]

5 % of Cumulative % of Cumulative % of Cumulative

§ Total Variance % Total Variance % Total Variance %
1 4.444 18.515 18.515 4444 18515 18.515 3.948 16.449  16.449
2 3.617 15.071 33.585 3.617 15.071 33.585 3.597 14989  31.438
3 3.115 12.978 46.563 3.115 12978 46.563 3.265 13.604  45.042
4 2.502 10.427 56.990 2.502  10.427 56.990 2.759 11.497  56.539
5 2.149 8.956 65.946 2.149  8.956 65.946 2.257 9.406 65.946
6 695  2.895 68.841

As shown in Table 4, five factors with eigenvalues greater than 1 were extracted,
collectively explaining 65.946% of the total variance. This exceeds the commonly
accepted threshold of 50% in social science research (Hair et al., 2009), indicating that
the extracted factors adequately represent the underlying structure of the data.

In addition, the scree plot was examined to support factor retention decisions. Figure 1
illustrates the distribution of eigenvalues.

Scree Plot

s

Eigenvalue

1 2 2 4 5 B8 7T 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 22 24

Component Number

Figure 1
Scree plot
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As illustrated in Figure 1, a clear inflection point is observed at the fifth factor, where
the slope of the curve levels off. This confirms that a five-factor solution is appropriate.

To further examine the factor structure, a Varimax rotation was applied. The rotated
factor loadings are presented in Table 5.

Table 5
Varimax-rotated factor matrix
Rotated Component Matrix®
Component
1 2 3 4 5
Q12 826
Q14 818
Q13 809
Q16 808
Ql1l 798
Q15 174
Q1 809
Q2 777
Q7 770
Q3 762
Q4 754
Q5 752
Q24 .824
Q20 812
Q21 800
Q22 777
Q23 760
Q6 837
Q10 835
Q9 833
Q8 780
QI8 872
Q19 848
Q17 832

The results indicate that all observed variables load strongly onto their respective
factors, with loadings exceeding 0.70. This demonstrates strong convergent validity and
clear factor separation. Internal consistency was also high, with Cronbach’s Alpha
values ranging from 0.818 to 0.893. This loading pattern suggests that each observed
variable is appropriately associated with its corresponding latent construct.

Based on these results, the observed variables were grouped into five interpretable
factors. The detailed structure of these factors is presented in Table 6.
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Table 6
Final results of EFA
Factor
Item Factor Loading
Factor 1. Teaching Methods and Models (Cronbach’s alpha a.= 0.893)
Q12 I employ cooperative learning techniques to foster students’ ability to present and critically 826
discuss mathematical ideas. )
I employ a rubric to evaluate students’ mathematical communication competence in both
Ql4 . 818
oral and written tasks.
Q13 I organize peer review activities with explicit criteria for mathematical communication. .809
Q16 1 provide students with representational templates (e.g., diagrams, tables, graphs) to 308

facilitate their communication of mathematical ideas.

Q11 TIencourage students to engage in group work when completing mathematics tasks. 798

Exploratory tasks or projects assigned to students typically conclude with an oral/written

Q15 report followed by a question-and-answer session. I

Factor 2. Students’ Individual Characteristics (Cronbach’s alpha a.= 0.865)
Students demonstrate mastery of basic mathematical knowledge, enabling them to explain

Q1 - - .809
and verbally restate it with clarity.
Students demonstrate accurate understanding and recall of commonly used mathematical

Q2 ‘ : ) 777
symbols (e.g., numbers, signs, set notations, logical symbols).

Q7 Students are proactive in asking questions during mathematics lessons. 7170
Students accurately employ mathematical symbols and formulas in presenting their

Q3 - 762
solutions.

Q4 Students demonstrate initial confidence in applying mathematical language and symbols to 754
present their ideas. i

Q5 Students consistently show perseverance in revising their mathematical writing or 750

expression upon identifying errors.

Factor 3. Mathematical Communication Competence (Cronbach’s alpha o = 0.827)

Q24 Students demonstrate confidence in questioning, defending, and refining their reasoning 824
when responding to feedback i

Students comprehend written and spoken mathematical information, accurately record

Q20 mathematical information from problem statements, tables, and symbols.

812

Q21 Students present their solutions in a coherent, complete, and accurate manner. .800

Students appropriately employ symbols, expressions, diagrams, and logical connections

Q22 when communicating their ideas. 777
Students effectively integrate everyday language with mathematical terminology and

Q23 . : 760
symbols to provide explanations.

Factor 4. Classroom Environment and Interactions (Cronbach’s alpha o= 0.845)

Q6  In my class, students feel safe when expressing incorrect ideas. .837

Q10 Students receive timely feedback (oral/written) from teachers and peers on their 835
presentations. i

Q9  Rules for listening and respecting the speaker are consistently enforced. .833

Q8  The duration of group discussion and interaction is maintained consistently in each lesson.  .780

Factor 5. Learning Resources and Support Tools (Cronbach’s alpha o= 0.818)

The worksheets I design include sections requiring students to state assumptions, reasoning,

and conclusions. 872

QI8

Students are provided with sample mathematical symbols and sentence patterns to support ]48
their presentations and discussions. )

Q19

T use visualization software (such as GeoGebra) to help students illustrate and explain 832
mathematical ideas. )

Q17
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As shown in Table 6, the five factors were identified based on the pattern of strong
loadings of observed variables. Items Q1-Q19 clustered into four factors representing
influencing conditions: (1) Teaching Methods and Models, (2) Students’ Individual
Characteristics, (3) Classroom Environment and Interactions, and (4) Learning
Resources and Supporting Tools. Items Q20-Q24 loaded on a single factor representing
the outcome construct of Mathematical communication competence. Accordingly, the
five factors are interpreted as listed above, reflecting a multidimensional set of factors
associated with mathematical communication competence.

Overall, the EFA results reveal a clear and stable five-factor structure with strong
reliability, providing a solid foundation for confirmatory analysis.

Confirmatory Factor Analysis (CFA)

To address Research Question 2, CFA was conducted to validate the measurement
model identified from the EFA results. The model fit indices are presented in Table 7.

Table 7

Results of CFA
Fit Index Value Recommended Threshold Assessment
CMIN/DF 1.572 <3 Excellent
GFI 0.901 >0.90 Good
AGFI 0.877 >0.85 Acceptable
CFI 0.951 >0.90 Excellent
TLI 0.944 >0.90 Good
IFI 0.951 >0.90 Excellent
RMSEA 0.046 <0.08 Excellent
PCLOSE 0.738 > (.05 Excellent

As shown in Table 7, all fit indices meet the recommended thresholds (Hair et al., 2009;
Hu & Bentler, 1999), including ¢?/df = 1.572, CFI = 0.951, TLI = 0.944, and RMSEA =
0.046. These results indicate that the proposed model provides a good fit to the
observed data.

The CFA measurement model is presented in Figure 2.
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Figure 2

First-order CFA measurement model

The model is specified as a first-order measurement model, in which each latent factor
is directly measured by its corresponding observed variables. Correlations among latent
factors are also shown, reflecting their conceptual relatedness.

To further evaluate the reliability and validity of the constructs, Composite Reliability
(CR) and Average Variance Extracted (AVE) were calculated. The results are presented
in Table 8.

Table 8

CR and AVE of the factors
Factor CR AVE
Teaching Methods and Models 0.894 0.585
Students’ Individual Characteristics 0.865 0.517
Mathematical Communication Competence 0.860 0.553
Classroom Environment and Interactions 0.846 0.580
Learning Resources and Support Tools 0.819 0.602

All CR values exceed 0.70 and AVE values are above 0.50, indicating strong internal
consistency and convergent validity. In addition, the constructs are empirically distinct,
supporting discriminant validity.
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Overall, the CFA results confirm that the proposed five-factor model is both reliable and
valid for measuring mathematical communication competence.

DISCUSSION
Interpretation of Latent Factors

The present study identified a five-factor structure explaining 65.946% of the total
variance, indicating that teachers’ perceptions of factors related to students’
mathematical communication competence can be organized into interacting
pedagogical, individual, and contextual dimensions.

Among these, “Teaching Methods and Models” emerged as the most influential factor.
This finding reinforces the importance of instructional design in fostering mathematical
communication, particularly through active learning approaches and collaborative
practices. It is consistent with prior studies showing that instructional models such as
active learning, problem-based learning, cooperative learning, and technology-
supported teaching can improve students’ mathematical communication (Aini et al.,
2020; Amallya et al., 2025; Indriani & Angraini, 2025; Pertiwi et al., 2025; Tong et al.,
2021). In particular, Kurniawan et al. (2021) provided experimental evidence that a
structured learning model can significantly enhance students’ mathematical
communication performance. However, this prominence may also reflect teachers’
evaluative perspectives, which tend to prioritize instructional practices, potentially
amplifying their perceived influence relative to other factors.

The factor “Students’ Individual Characteristics” highlights the importance of prior
mathematical knowledge, symbolic fluency, self-confidence, and learning habits in
enabling effective mathematical communication. This finding is consistent with earlier
studies emphasizing the role of cognitive and affective readiness in students’
communication performance (Jati & Slamet, 2017; Nguyen et al., 2025). At the same
time, this result may partly reflect teachers’ perceptions of student readiness, which may
not fully capture students’ actual communicative performance in diverse classroom
situations.

The factor “Mathematical Communication Competence” represents the core
manifestations of the construct, including comprehension, representation, explanation,
and argumentation. The strong convergence of these indicators suggests that
mathematical communication competence, as perceived by teachers, can be
operationalized as a distinct and measurable construct. However, this interpretation
should be treated with caution because the construct in the present study is inferred
from teachers’ perceptions rather than direct observation of students’ actual
performance.

The factor “Classroom Environment and Interactions” underscores the importance of
psychological safety, communication norms, and feedback mechanisms in fostering
students’ confidence to articulate and defend mathematical ideas. This result aligns with
both international and domestic research emphasizing the role of interaction and
classroom climate in mathematics learning (Aini et al., 2020). It is further supported by
Sutama et al. (2025), who found that structured peer interaction improved students’ oral
and written mathematical communication. Nevertheless, the strength of this factor may
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vary across different classroom contexts and may not be equally observable in all
educational settings.

Finally, the factor “Learning Resources and Support Tools” confirms the facilitating
role of worksheets, model language, and visualization tools in helping students
articulate mathematical ideas more clearly and coherently. This finding is consistent
with previous studies that highlighted the contribution of instructional materials and
visual tools to mathematical communication (Amallya et al., 2025; Ismail et al., 2020).
However, their effectiveness likely depends on how these resources are integrated into
instruction, rather than their mere availability.

Theoretical and Methodological Implications

Compared with existing international research, which often examines isolated factors
such as teaching methods or learner characteristics, the present study provides an
integrated perspective by validating a multidimensional model through EFA and CFA.
This contributes to the literature by empirically supporting the interconnected nature of
factors perceived to influence mathematical communication competence. However, this
contribution should be interpreted as context-specific rather than universally
generalizable.

In the Vietnamese context, previous studies have largely relied on qualitative or small-
scale approaches. By employing a large sample and a sequential EFA-CFA design, this
study offers stronger empirical evidence for the structural validity of the offers stronger
empirical evidence for the structural validity of the proposed measurement model.

Limitations and Directions for Future Research

Several limitations should be acknowledged. First, the study relies on teacher
perceptions, which may not fully reflect students’ actual communication performance.
Future research should incorporate multiple data sources, such as classroom
observations or student assessments. Second, the use of convenience sampling and the
concentration of participants in specific regions may limit the generalizability of the
findings. Further studies with more diverse and representative samples are
recommended. Third, the study focuses on validating the measurement model and does
not examine causal relationships among factors. Future research may extend this work
using structural equation modeling to explore causal pathways.

IMPLICATIONS

The findings suggest that improving students’ mathematical communication
competence requires coordinated efforts across instructional design, classroom
environment, and learning resources. Teachers may enhance communication by
organizing structured discussion activities, providing explicit communication scaffolds,
and integrating visual and technological tools into instruction. Additionally, fostering a
supportive classroom environment that encourages risk-taking and feedback is essential
for developing students’ confidence in mathematical communication.

CONCLUSION

This study identified and validated a five-factor model of secondary students’
mathematical communication competence from the perspective of mathematics
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teachers. The results from EFA and CFA provide empirical support for a
multidimensional structure and confirm the reliability and validity of the proposed
measurement model within the Vietnamese educational context.

Compared with prior studies that often focus on isolated factors, this study contributes
by offering an integrated measurement model capturing the interrelated nature of
influences on mathematical communication competence. Practically, the findings
suggest that enhancing students’ communication requires coordinated improvements in
instructional practices, classroom interaction, and supporting tools, such as structured
discussion, communication scaffolds, and visual or technological resources.

However, the findings should be interpreted with caution due to reliance on teacher
perceptions and limitations in sample representativeness. Future research should
incorporate more diverse samples and multiple data sources, and may extend this work
by applying structural equation modeling to examine causal relationships among the
identified factors.

REFERENCES

Aini, K., Prihandoko, A., Yuniar, D., & Faozi, A. (2020). The students’ mathematical
communication skill on caring community-based learning cycle SE. Journal of Physics:
Conference Series, 1538(1), 012075. https://doi.org/10.1088/1742-6596/1538/1/012075

Aljura, A. N., Retnawati, H., Dewanti, S. R., Kassymova, G. K., Sotlikova, R., &
Septiana, A. R. (2025). Mathematical reasoning and communication word problems
with mathematical problem-solving orientation: A relation between the skills. Journal
on Mathematics Education, 16(2), 529-558. https://doi.org/10.22342/jme.v16i2.pp529-
558

Amallya, E., Anggoro, B. S., & Fadila, A. (2025). Problem based learning with
geogebra: impact on mathematical communication skills and mathematical problem
solving.  LINEAR:  Journal of  Mathematics  Education,  6(1), 1-13.
https://doi.org/10.32332/828bjr06

Amelia, B., Ediputra, K., & Zulhendri, Z. (2025). The influence of the application of the
cooperative learning model type teams games tournament (TGT) on the mathematical

communication skills of students. Journal of Mathematics Science and Computer
Education, 4(2), 158-166. https://doi.org/10.20527/jmscedu.v4i2.14160

Atnar, A. L., Asnawati, R., & Triana, M. (2025). The effect of the learning cell model on
students' mathematical communication skills. EduMatSains: Jurnal Pendidikan,
Matematika dan Sains, 10(1), 281-292.
https://doi.org/10.33541/edumatsains.v10i1.6927

Byrne, B. M. (2013). Structural equation modeling with Mplus: Basic concepts,
applications, and programming. Routledge.

Cahyadi, H., & Susanah, S. (2025). Mathematical communication skills of senior high
school student in solving mathematical problem based on adversity quotient.
MATHEdunesa, 14(1), 85-103. https://doi.org/10.26740/mathedunesa.v14n1.p85-103x

International Journal of Instruction, October 2026 ® Vol.19, No.4


https://doi.org/10.1088/1742-6596/1538/1/012075
https://doi.org/10.22342/jme.v16i2.pp529-558
https://doi.org/10.22342/jme.v16i2.pp529-558
https://doi.org/10.32332/8g8bjr06
https://doi.org/10.20527/jmscedu.v4i2.14160
https://doi.org/10.33541/edumatsains.v10i1.6927
https://doi.org/10.26740/mathedunesa.v14n1.p85-103x

736 Influencing Factors of Secondary Students’ Mathematical ...

Cobb, P. (1994). Where is the mind? Constructivist and sociocultural perspectives on
mathematical development. Educational Researcher, 23(7), 13-20.
https://doi.org/10.3102/0013189X023007013

Hadji, S., & Rusdiana, F. K. (2025). Development of statistics teaching materials with a
STEM approach to improve mathematical communication skills in online learning. A¢-
Ta'lim: Jurnal Pendidikan, 11(1), 19-27. https://doi.org/10.55210/attalim.v11i1.1961

Hair, J. F., Jr., Black, W. C., Babin, B. J., & Anderson, R. E. (2009). Multivariate data
analysis (7th ed.). Pearson.

Hidayat, W., & Aripin, U. (2023). How to develop an e-lkpd with a scientific approach
to achieving students' mathematical communication abilities? Infinity Journal, 12(1),
85-100. https://doi.org/10.22460/infinity.v12i1.p85-100

Hu, L. T., & Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance structure

analysis: Conventional criteria versus new alternatives. Structural equation modeling: a
multidisciplinary journal, 6(1), 1-55. https://doi.org/10.1080/10705519909540118

Indriani, R., & Angraini, L. M. (2025). The effect of the missouri mathematics project
learning model on students” mathematical communication ability. International Journal
of Mathematics and Mathematics Education, 3(1), 33-46.
https://doi.org/10.56855/ijmme.v3i1.1151

Ismail, R., Arnawa, 1., & Yerizon, Y. (2020). Student worksheet usage effectiveness
based on realistics mathematics educations toward mathematical communication ability
of junior high school student. Journal of Physics: Conference Series, 1554(1), 012044.
https://doi.org/10.1088/1742-6596/1554/1/012044

Jati, N., & Slamet, 1. (2017). Students’ mathematical communication ability using
learning cycle 7E on junior high school. Journal of Physics: Conference Series, 895(1),
012040. https://doi.org/10.1088/1742-6596/895/1/012040

Kline, R. B. (2023). Principles and practice of structural equation modeling. Guilford
publications. https://doi.org/10.25336/csp29418

Kuncoro, K. S., Kusumaningrum, B., Agustito, D., Meirani, F., & Lestari, E. S. (2023).
Mathematical communication skills in the context of linear equations: A study on

students' proficiency and self-esteem. Psychology, Evaluation, and Technology in
Educational Research, 6(1), 18-34. https://doi.org/10.33292/petier.v6il.178

Kurniawan, H., Budiyono, Sajidan, & Siswandari. (2021). The PINTER learning model
to enhance higher order thinking and communication skill in Algebra. International
Journal of Instruction, 14(3), 359-374. https://doi.org/10.29333/1ji.2021.14321a

Ministry of Education and Training (MOET). (2018). General education curriculum:
Mathematics. [in Vietnamese]

Mullis, 1., & Martin, M. (2017). TIMSS 2019 assessment frameworks. TIMSS & PIRLS
International Study Center. https://eric.ed.gov/?id=ED580163

International Journal of Instruction, October 2026 ® Vol.19, No.4


https://doi.org/10.55210/attalim.v11i1.1961
https://doi.org/10.22460/infinity.v12i1.p85-100
https://doi.org/10.1080/10705519909540118
https://doi.org/10.56855/ijmme.v3i1.1151
https://doi.org/10.1088/1742-6596/1554/1/012044
https://doi.org/10.1088/1742-6596/895/1/012040
https://doi.org/10.25336/csp29418
https://doi.org/10.33292/petier.v6i1.178
https://doi.org/10.29333/iji.2021.14321a
https://eric.ed.gov/?id=ED580163

Hang & Giang 737

National Council of Teachers of Mathematics (NCTM). (2000). Principles and
standards for school mathematics.

Nguyén, A. Q. (2022). Teaching mathematics through scientific debate to develop
mathematical communication competence for high school students. Tgp chi Gido duc,
22(16), 6-11. [in Vietnamese]
https://tcgd.tapchigiaoduc.edu.vn/index.php/tapchi/article/view/502

Nguyen, H. T. M., Nguyen, G. T. C., Nguyen, B. N., Truong, D. T., & Thai, L. T. H.
(2025). Mathematical communication skills for high school students: A comprehensive
review of present practices, challenges, and prospective advancements. TEM Journal,
14(3), 2349-2360. https://doi.org/10.18421/TEM143-40

Nguyen, T.-T., Nguyen, N. D., Trinh, T. P. T., Tong, D. H., Uyen, B. P., & Han, N. N.
(2024). Vietnamese sixth graders' mathematical communication competency developed
by teaching fraction topics using the SE model. Heliyon, 10(20), e39440.
https://doi.org/10.1016/j.heliyon.2024.e39440

Nguyén, T. M. H. (2025). Mathematical communication competence in viethamese
schools: a systematic review of current practices, challenges, and future directions. Tap
chi Khoa hoc Gido duc Viét Nam, 21(09), 44-51. [in Vietnamese]
http://vjes.vnies.edu.vn/vi/nang-luc-giao-tiep-toan-hoc-trong-day-hoc-toan-o-truong-
pho-thong-viet-nam-danh-gia-co-he-thong-ve

Nuraida, 1., & Amam, A. (2019). Hypothetical learning trajectory in realistic
mathematics education to improve the mathematical communication of junior high
school students. Infinity Journal, 8(2), 247-258.
https://doi.org/10.22460/infinity.v8i2.p247-258

OECD. (2019). PISA 2018 assessment and analytical framework. OECD Publishing.
https://doi.org/10.1787/b25efab8-en

Pertiwi, C. M., Rohaendi, N., & Rahayu, G. D. S. (2025). Problem solving approach
and learning media based on vba for excel as an effort to improve the mathematical
communication skills of elementary school students. Jurnal Cakrawala Pendas, 11(2),
418-430. https://doi.org/10.31949/jcp.v11i2.13237

Pourdavood, R., McCarthy, K., & McCafferty, T. (2020). The impact of mental
computation on children's mathematical communication, problem solving, reasoning,
and Algebraic thinking. Athens Journal of Education, 7(3), 241-253.
https://doi.org/10.30958/aje.7-3-1

Pratiwi, G., Sova, F., Putra, F. G., Putra, R. W. Y., Kusuma, A. P., & Rahmawati, N. K.
(2020). The influence of project-based learning (pjbl) and learning style om
mathematics communication skills of junior high school students. Journal of Physics:
Conference Series, 1467(1), 012064. https://doi.org/10.1088/1742-6596/1467/1/012064

Putri, S. J., & Jamaan, E. Z. (2025). Impact of a constructivist approach on students'
mathematical communication ability: A quasi-experimental study. Al-Jabar: Jurnal
Pendidikan Matematika, 16(1), 83-94. https://doi.org/10.24042/ajpm.v16i1.26137

International Journal of Instruction, October 2026 ® Vol.19, No.4


https://tcgd.tapchigiaoduc.edu.vn/index.php/tapchi/article/view/502
https://doi.org/10.18421/TEM143-40
https://doi.org/10.1016/j.heliyon.2024.e39440
http://vjes.vnies.edu.vn/vi/nang-luc-giao-tiep-toan-hoc-trong-day-hoc-toan-o-truong-pho-thong-viet-nam-danh-gia-co-he-thong-ve
http://vjes.vnies.edu.vn/vi/nang-luc-giao-tiep-toan-hoc-trong-day-hoc-toan-o-truong-pho-thong-viet-nam-danh-gia-co-he-thong-ve
https://doi.org/10.22460/infinity.v8i2.p247-258
https://doi.org/10.1787/b25efab8-en
https://doi.org/10.31949/jcp.v11i2.13237
https://doi.org/10.1088/1742-6596/1467/1/012064
https://doi.org/10.24042/ajpm.v16i1.26137

738 Influencing Factors of Secondary Students’ Mathematical ...

Rivai, M. A., & Slamet, 1. (2021). An analysis of mathematical communication ability
on solving open ended problems in linier equation system with two variables. Journal of
Physics:  Conference  Series, 1776(1), 012015. https://doi.org/10.1088/1742-
6596/1776/1/012015

Rusdi, M., Fitaloka, O., Basuki, F. R., & Anwar, K. (2020). Mathematical
communication skills based on cognitive styles and gender. International Journal of
Evaluation and Research in Education, 9(4), 847-856.
https://doi.org/10.11591/ijere.v9i4.20497

Saferlin, D., Badu, S. Q., Zakaria, P., & Kobandaha, P. E. (2025). Influence of the
Instagram-Assisted flipped classroom learning model on students’ mathematical
communication at middle school. ETDC: Indonesian Journal of Research and
Educational Review, 4(3), 665-675. https://doi.org/10.51574/ijrer.v4i3.3167

Siswantari, Sabon, S. S., Listiawati, N., Wirda, Y., Zulkardi, & Riyanto, B. (2025).
Bridging mathematics and communication: Implementing realistic mathematics
education principles for skill development. Journal on Mathematics Education, 16(2),
729-752. https://doi.org/10.22342/jme.v16i2.pp729-752

Sumaji, S., Sa'dijah, C., Susiswo, S., & Sisworo, S. (2020). Mathematical
communication process of junior high school students in solving problems based on
apos theory. Journal for the Education of Gifted Young Scientists, 8(1), 197-221.
https://doi.org/10.17478/jegys.652055

Sutama, Faiziyah, N., Rahmawati, P., Harsono, Narimo, S., Novitasari, M., & Adnan,
M. (2025). Collaborative mathematics learning: Communication skills of junior high
school students. AIP Conference Proceedings, 3142(1), 020112.
https://doi.org/10.1063/5.0262248

Tong, D. H., Uyen, B. P., & Quoc, N. V. A. (2021). The improvement of 10th students'
mathematical communication skills through learning ellipse topics. Heliyon, 7(11),
€08282. https://doi.org/10.1016/j.heliyon.2021.e08282

Vygotsky, L. S. (1978). Mind in society: The development of higher psychological
processes. Harvard University Press.

Wardono, Rochmad, Uswatun, K., & Mariani, S. (2020). Comparison between
generative learning and discovery learning in improving written mathematical
communication ability. [International Journal of Instruction, 13(3), 729-744.
https://doi.org/10.29333/iji.2020.13349a

Yaniawati, R. P., Indrawan, R., & Setiawan, G. (2019). Core model on improving
mathematical communication and connection, analysis of students’ mathematical
disposition. International ~ Journal  of  Instruction, 12(4), 639-654.
https://doi.org/10.29333/iji.2019.12441a

Yulian, V. (2018). Developing teaching materials using comic media to enhance
students’ mathematical communication. /JOP Conference Series: Materials Science and
Engineering, 335(1), 012110. https://doi.org/10.1088/1757-899X/335/1/012110

International Journal of Instruction, October 2026 ® Vol.19, No.4


https://doi.org/10.1088/1742-6596/1776/1/012015
https://doi.org/10.1088/1742-6596/1776/1/012015
https://doi.org/10.11591/ijere.v9i4.20497
https://doi.org/10.51574/ijrer.v4i3.3167
https://doi.org/10.17478/jegys.652055
https://doi.org/10.1016/j.heliyon.2021.e08282

