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Abstract

Background/purpose. This study aims to evaluate the effectiveness of
using E-Module-based Problem-Based Learning (PBL-EM) in improving
the mathematical communication skills of Senior High School students
based on their cognitive style on mathematical logic material.

Materials/methods. This study used a mixed design with an embedded
design approach and a pre-post-test design with a non-randomized
control group. The research sample consisted of 39 students, of whom
20 were in the experimental group using PBL-EM, while 19 were in the
control group using PBL. Data collection involved questionnaires,
descriptive tests, and in-depth interviews to capture quantitative and
gualitative aspects. Data analysis was conducted using a T-test to
compare learning outcomes between the two groups.

Results. The results showed that there was a significant difference (p <
0.05) in mathematical communication skills between the experimental
and control groups. The average post-test score of students in the
experimental group (20.00) was higher compared to the control group
(19.00), signalling the positive impact of PBL-EM implementation.
Cognitive style analysis showed that students using PBL-EM showed
better improvement in the mathematical communication process,
especially in the context of convergent pseudo-images and divergent
pseudo-mathematical expressions. PBL-EM proved effective in
improving students' mathematical communication skills and showed
the importance of adjusting learning methods to students' cognitive
styles.

Conclusion. The findings suggest that integrating technological tools
with cognitive-style adaptation can significantly improve mathematical
communication, providing valuable insights for innovative mathematics
instruction.
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1. Introduction

Mathematical communication skills among students at the secondary level currently show
alarming figures. A study showed that only about 32% of students were able to express mathematical
ideas orally and in writing well (Istigomah et al., 2022), while international data revealed that many
students did not reach the minimum level in the evaluation of mathematical ability (PISA, 2018). This
indicates an urgent need to improve students' mathematical communication skills so that they can
actively participate in complex academic interactions. Students' mathematical communication
process involves a series of actions or stages (a series of interrelated and sequential steps) that
students go through (transformation and development from initial state to final state), associated
with sending and receiving information in mathematical form. Students' mathematical
communication process involves the use of mathematical symbols (such as words, pictures, and
numbers) to convey information, ideas, and subject knowledge to students (Marfirah et al., 2025).

In addition to students' mathematical communication process, style and cognitive aspects are
two important aspects that complement and interact with each other. Students' cognitive style can
help teachers understand how students think, learn, and interact with the environment. This can
improve communication between teachers and students, thus promoting better learning and
development. Cognitive style is the way individuals process information, affecting learning outcomes
and modality effectiveness (Li et al., 2025), including Convergent and Divergent styles. Convergent
styles tend to be more systematic and structured, while divergent styles are more flexible and
contextual. The research discusses how an understanding of these different cognitive styles is
important in designing instruction that meets the needs of diverse students and how this may affect
students' mathematical communication skills in contributing to group discussions (Adler et al., 2025).

Problem-Based Learning (PBL) model represents a well-established pedagogical strategy that
encourages student-centered inquiry, collaboration, and problem-solving (Aslan, 2021). PBL has been
proven effective in improving students' mathematical communication skills. PBL not only facilitates
the understanding of mathematical concepts but also encourages students to collaborate and
discuss, which are vital elements in communication (Hursen, 2021; Jiang et al., 2025). With PBL,
students are exposed to real problem situations relevant to everyday life, providing more context to
apply their mathematical skills (Blanc et al., 2025). In the 21st century, the application of technology
in learning and teaching has become very important. Technology has revolutionized the way teachers
and students interact, communicate, and process information (Caton et al., 2022).

The use of e-modules in the context of PBL can further improve learning effectiveness. E-modules
provide structured and interactive learning materials which support students in accessing
information more easily and enjoyably. For example, the application of e-modules in science teaching
accelerates student understanding and increases learning motivation (Handayani et al., 2021). The
literature on e-modules emphasizes their success in improving learning outcomes across a range of
disciplines, including languages and social sciences, demonstrating the potential of e-modules in
mathematics contexts (Knochelmann et al., 2025).

Mathematical logic is a compulsory subject for grade 10 students at Al Minhaj High School in
Bogor, Indonesia. This material plays an important role in understanding students' cognitive abilities
and their limitations in terms of logic or environmental observation (Kim et al., 2025). The need to
improve mathematical logic is not as strong as the desire to criticize uncritical behavior (Sehlaoni &
Zaid, 2025). Research shows that students' mathematical communication skills are still low. For
example, students are less able to express mathematical ideas orally, in writing, and through
visualization of mathematical concepts (Istigopmah et al.,, 2022), and they have difficulty
understanding, explaining, and evaluating mathematical ideas orally, in writing, and through other
forms of concept visualization (Marfirah et al., 2025). Students are less able to use mathematical
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terms, symbols, and structures to express ideas or describe relationships between mathematical
concepts (Laila et al., 2023).

This study examines whether PBL-EM improves mathematical communication skills among
senior high school students more effectively than traditional PBL and how cognitive style moderates
these effects. Students in the experimental group are expected to show better performance in
mathematical communication compared to the control group, which will be validated through
quantitative and qualitative analysis. The methodology used in this study adopted a mixed-method
embedded design. This research addresses gaps related to technology integration and
personalisation in mathematics education, aiming to contribute actionable insights for practitioners
and researchers.

This research aims to complement the gaps in previous studies that have focused too much on
a single aspect of PBL. By incorporating e-module elements and paying attention to students'
cognitive styles, this study expands the understanding of how these factors simultaneously influence
educational outcomes in mathematical communication. Previous studies have shown the need to
integrate technology into learning to increase student engagement (Lamont, 2020). Textbooks are
the most important teaching materials (DUsing, 2025). The learning materials used by teachers are
significantly influenced by textbooks (Pitorini et al., 2024). Analysis shows that textbooks are not
effective in improving students' mathematical communication skills (Alcock & Sa, 2025). A survey
conducted at SMA Al Minhaj in Bogor, Indonesia, revealed that 82.5% of students believed that the
textbook used for mathematical logic materials had limitations and weaknesses. The survey results
do not only affect the improvement of mathematical communication skills, but other factors outside
the textbook can also play a role (Johansson & Osterholm, 2025).

The results of this study are expected to show that PBL-EM will have a significant positive impact
on students' mathematical communication skills, providing implications for better educational
practices. With the understanding gained, it is expected that PBL-EM can be adopted more widely in
teaching strategies to encourage more effective mathematical communication skills and help
students reach their potential in mathematics as well as other fields of study.

2. Literature review

Mathematical communication is a foundational skill that enables learners to articulate, interpret,
and negotiate mathematical ideas across diverse formats—including oral discourse, written
exposition, and visual representations. It is crucial for deep conceptual understanding and effective
collaboration in problem-solving contexts (Sugianto et al.,, 2022). However, extant studies
consistently report a persistent inadequacy in students’ abilities to communicate mathematically,
with many students struggling to express mathematical reasoning orally and in writing, and to
visualize abstract concepts effectively (Istigomah et al., 2022; Laila et al., 2023).

Extant research underscores the relevance of cognitive styles in shaping students' learning
experiences and communication processes. The dichotomy between analytical (convergent) and
holistic (divergent) cognitive styles reflects differential approaches to information processing and
problem conceptualization, with consequential impacts on students’ engagement and efficacy in
mathematical communication tasks (Adler et al., 2025; Kim et al.,, 2025). Recognizing and
accommodating these cognitive differences is essential in designing instructional strategies that
enhance individual and group mathematical discourse.

Problem-Based Learning (PBL) is well-established as an effective instructional paradigm for
fostering active learning, critical thinking, and communication skills in mathematics education. PBL
situates learning within authentic problem contexts, prompting students to collaboratively
investigate, discuss, and articulate solutions, thereby naturally fostering communication
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competencies (Hursen, 2021; Jiang et al., 2025). Nevertheless, challenges such as inconsistent
implementation and varying learner motivation call for enhancements to maximize PBL’s efficacy.

The integration of electronic modules (e-modules) within PBL frameworks (PBL-EM) addresses
some of these challenges by providing interactive, multimodal, and scaffolded learning resources that
cater to diverse cognitive styles (Handayani et al., 2021; Blanc et al., 2025). E-modules enhance
accessibility and engagement, enabling learners to process mathematical information at an
individualized pace while supporting visualization and conceptualization critical for effective
communication.

Throughout the learning process, the e-module ensures easy access to materials independently
anytime and anywhere, providing animation and audio that facilitate students with verbal and visual
cognitive styles. In addition, assignments and activities are designed to trigger students' critical
thinking and creativity in developing the ability to formulate mathematical concepts and strategies;
express mathematical ideas through oral, written, and visualization of mathematical concepts;
understand, interpret, and evaluate mathematical ideas both orally, in writing and other forms of
concept visualization; and use mathematical terms, notations, and structures to present ideas and
illustrate relationships between mathematical concepts effectively. The teacher acts as a facilitator
who actively provides guidance and motivates participation so that students are not passively
dependent on other group members.

In this study, the theoretical framework is supported by the cognitive style theory developed by
Riding & Rayner (2014), as well as the PBL model based on a constructivist approach (Savery, 2015).
Recent research by Johnson et al. (2022) showed that the effectiveness of PBL methods is strongly
influenced by students' cognitive preferences, such as visual, verbal, and executive functions. This
study builds on these findings by placing cognitive style as a moderator variable in the development
of mathematical communication, which has previously been under-explored in the context of
technology-based learning.

From a methodological standpoint, few studies have employed mixed-methods embedded
designs research framework, incorporating both quantitative assessments (e.g., pre-post-tests) and
qualitative approaches (e.g., in-depth interviews), provides a comprehensive understanding of how
PBL-EM influences mathematical communication and cognitive style interaction (Creswell, 2012).
Such designs enable the triangulation of outcome data with learners’ subjective experiences, yielding
richer insights into intervention mechanisms and contextual factors that drive effectiveness.

Practically, this integrated approach informs educators and curriculum developers on optimizing
instructional design by matching learning materials and pedagogical approaches to students’
cognitive preferences. Moreover, it underscores the necessity for leveraging technology not merely
as a content delivery medium but as an adaptive tool to foster deeper communication and
conceptualization skills in mathematics (Lamont, 2020; Kndchelmann et al., 2025). The evidence
indicating the ineffectiveness of traditional textbooks in enhancing mathematical communication
further justifies the transition towards interactive, tech-supported learning modalities (Alcock & Sa,
2025; Johansson & Osterholm, 2025).

In conclusion, the confluence of cognitive style theory, PBL pedagogy, and e-module technology
constitutes a promising framework for advancing mathematical communication education. Rigorous
empirical inquiry, employing robust mixed methods designs, is critical to validate and refine such
integrative educational models. The present study contributes to this emerging discourse by
elucidating how PBL-EM tailored to cognitive style can substantially enhance senior high school
students’ mathematical communication capabilities, offering scalable strategies with broad
implications for 21st-century mathematics education reform.
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3. Methodology

Sample characteristics were revealed through demographic tables showing the distribution of
age, gender, and type of cognitive style identified through previously validated instruments (Laila et
al., 2023). Statistical analysis used paired and independent t-tests to compare pre-test and post-test
scores between groups, taking into account the assumptions of normality and homogeneity of
variance through the Shapiro-Wilk and Levene tests (Creswell, 2012). Effect size was calculated using
Cohen's d to determine the magnitude of the difference. This study uses a mixed-method embedded
design that combines quantitative and qualitative approaches simultaneously to provide a
comprehensive understanding of the effectiveness of the application of the E-Module-based
Problem-Based Learning model (PBL-EM) on students' mathematical communication skills based on
their cognitive styles (Creswell, 2012). This design allows qualitative data to complement and
strengthen quantitative findings. A pre-test/post-test non-randomized control group design was
implemented to quantitatively assess the impact of PBL-EM. The experimental group received
learning through the PBL-EM approach, while the control group engaged in conventional PBL without
e-module support.

Implementation of PBL-EM: Learning with PBL-EM in this study is organized following the five
main stages of PBL, which are integrated interactively into the e-module in the form of a digital
flipbook. Each stage is designed according to the principles of active learning, oriented to the
development of students' mathematical communication skills and adapted to their cognitive style.

First, Problem Orientation At this early stage, students are introduced to the context of
mathematical problems relevant to mathematical logic material through multimedia displays in the
e-module, such as introductory videos, illustrations of everyday problems, or animations that
stimulate curiosity. For example, students are asked to understand a logical case related to decision-
making based on certain conditions. The teacher provides a brief introduction and facilitates initial
discussion to ensure understanding of the context before students start exploring the problem
independently.

Secondly, Group Organization and Formation, students are divided into heterogeneous small
groups based on their cognitive style identification results. Each group consists of students with
different cognitive styles to maximize collaboration. In the e-module, there is an interactive feature
to guide students to form working groups and set learning objectives together. This group goal setting
aims to make students understand the achievements that must be achieved in solving the problems
presented.

Third, Investigation and Data Collection, at this stage, students explore the concept of
mathematical logic in depth by utilizing various learning resources integrated with the e-module, such
as digital articles, video tutorials, and interactive simulations. They are guided to gather information
needed to solve the problem. Activities carried out include: students working on logic problems based
on certain criteria, visualizing Venn diagrams, or compiling logical statements in writing and orally.

Fourth, Hypothesis Development and Problem-Solving, students formulate and test problem-
solving hypotheses in groups through active discussions moderated by the teacher. The e-module
features discussion forums and interactive quizzes that support immediate feedback. For example,
students make mathematical statements that must be communicated clearly and precisely, both in
writing and oral presentation, using the media provided.

Fifth, Presentation and Evaluation: Student groups present their problem-solving results orally in
front of the class, supported by slides or videos of the work previously prepared through the e-
module. The teacher and classmates provide constructive feedback focused on the substance of the
concept and mathematical communication skills. Afterwards, students conduct individual and group
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reflection through self-evaluation quizzes and peer assessment to improve self-awareness and
metacognitive skills.

Throughout the learning process, the e-module ensures easy access to materials independently
anytime and anywhere, providing animation and audio that facilitate students with verbal and visual
cognitive styles. In addition, assignments and activities are designed to trigger students' critical
thinking and creativity in developing the ability to formulate mathematical concepts and strategies;
express mathematical ideas through oral, written, and visualization of mathematical concepts;
understand, interpret and evaluate mathematical ideas both orally, in writing and in other forms of
concept visualization; and use mathematical terms, notations, and structures to present ideas and
illustrate relationships between mathematical concepts effectively. The teacher acts as a facilitator
who actively provides guidance and motivates participation so that students are not passively
dependent on other group members.

Thus, PBL-EM not only combines problem-based learning and electronic modules, but also
accommodates the needs of cognitive styles so that each student can learn optimally in improving
their mathematical communication skills.

3.1. Participants and Sampling

The study population was 10th-grade students of SMA Al Minhaj Bogor, Indonesia, which was
selected purposively. The sample consisted of 39 students who were divided into two groups:
experimental, of 20 students who followed PBL-EM, and control, of 19 students who followed
conventional PBL learning without the E-Module. This grouping was based on pre-test scores and
cognitive styles identified through standardized instruments. Prior to selection, tests for normality
(Kolmogorov-Smirnov, a = 0.05) and homogeneity of variance (Levene’s test, a = 0.05) were
conducted, confirming that the samples met parametric assumptions (normal and homogeneous
distribution).

3.2. Data Collection

Data collection utilized multiple instruments to provide triangulation. First, the Mathematical
Communication Skills Test Using questions developed based on the theoretical framework of
mathematical communication (Sehloni & Zaid, 2025), with content validity through expert validation
and internal testing reliability alpha = 0.89. The primary quantitative instrument comprised five
descriptive questions designed to measure multiple dimensions of mathematical communication:
Formulating mathematical concepts and strategies; Express mathematical ideas through oral,
written, and visualization of mathematical concepts; Understand, interpret, and evaluate
mathematical ideas both orally, in writing and other forms of concept visualization; and Use
mathematical terms, notations, and structures to present ideas and illustrate relationships between
mathematical concepts. The test items were validated through expert reviews by specialists in
mathematical logic and educational evaluation. Additionally, Rasch model analysis confirmed fit
statistics (outfit mean square, outfit Z-standard, and point-measure correlation) within acceptable
validity ranges and established instrument reliability, with reliability coefficients ranging from 0.67
(fair) to 0.93 (excellent). Secondly, Questionnaires and Cognitive Style Inventory: Using a validated
inventory (Adler et al., 2025) to identify convergent and divergent cognitive styles, with Cronbach's
alpha reliability of 0.87. To classify students' cognitive styles, validated instruments assessing
convergent and divergent processing preferences were administered (Adler et al., 2025). Third, In-
Depth Interviews and Observation were conducted to understand students' perceptions regarding
the use of PBL-EM and the obstacles they experienced, as well as the perceived advantages during
learning. Semi-structured interviews with selected students and educators explored qualitative
aspects such as learning experiences, perceptions of PBL-EM, cognitive engagement, and
communication strategies. This qualitative data enriched interpretation of quantitative outcomes.
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During class, the researcher conducted observations to record students' interactions, participation in
group discussions, and utilization of electronic modules.

Before the intervention, a mathematical communication pre-test was conducted to determine
students' initial abilities. After that, the experimental group carried out PBL-EM-based learning
according to the five stages of PBL integrated in a digital flipbook, which was accessed through mobile
devices and computers. The control group followed the conventional PBL method using printed
materials. After an eight-week learning period, post-tests, interviews and observations were
conducted to measure students' changes and experiences.

The primary data source for this study is student test results. The test results provide a
comprehensive evaluation of students' mathematical communication skills before and after the
learning process in both experimental and control groups. Experimental Group: Students engaged in
PBL integrated with an electronic flipbook module (PBL-EM) structured around the five stages of PBL
(Problem Orientation At this early stage, Group Organization and Formation, Investigation and Data
Collection, Hypothesis Development and Problem-Solving, and Presentation and Evaluation). The e-
module provided interactive content tailored to support mathematical communication and catered
to diverse cognitive styles by including multimedia, scaffolded problem prompts, and collaborative
discussion forums (Borg & Gall, 1983; Pitorini et al., 2024). The E-Module is designed as a flipbook.
Flipbooks are available to students via smartphones or laptops, making them easily accessible online
or offline (Zul'hilmi et al., 2025). Flipbooks expand interactive capabilities by including images, videos,
audio, and links in addition to text (Mediatati et al., 2025); and Control Group: Students received
traditional PBL instruction using standard printed materials without e-module integration. Both
groups underwent pre-tests to establish baseline mathematical communication ability before the
intervention and post-tests after the instructional period. The learning process is conducted for eight
weeks, each for 90 minutes.

3.3. Data Analysis

The effectiveness of E-Module-based PBL (PBL-EM) in improving students' math communication
skills was assessed using a t-test (a = 0.05) and an N-gain score test. Quantitative data were analyzed
using an independent t-test to compare mathematical communication ability scores between the two
groups. Normality assumption testing was done with the Kolmogorov-Smirnov test (a = 0.05) and
homogeneity of variance with the Levene test (a = 0.05). Effect size was calculated using Cohen's d.
Moderation analysis of cognitive style was conducted through multiple linear regression analysis.

Meanwhile, qualitative data from interviews and observations were analyzed thematically
following open and axial coding procedures (Braun & Clarke, 2006), then triangulated with
quantitative results to obtain a comprehensive picture. HO states that there is no significant
difference in students' mathematical communication skills between the experimental and control
classes, while H1 states the opposite. The hypothesis is selected based on the t value, with HO being
rejected if t exceeds the table value. The reliability of the math communication instrument showed a
Cronbach's alpha value of 0.87, ensuring its reliability (Sehloni & Zaid, 2025).

The N-gain score test assesses the improvement of students' mathematical communication skills
by comparing pre-test and post-test results. The N-gain score test is used if there is a significant
difference in the post-test results between the experimental group and the control group. The
formula for determining the N-gain score is as follows:

post-test average score — pre-test average score

N-gain score = .
maximum score — pre-test average score
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The calculation of N-gain scores is explained by categories (Olsher et al., 2025), as illustrated in

Table 1.
Table 1. N-Gain Score Categories
N-Gain Score Group
g =07 High
0.7>9g=0.3 Medium
g <03 Low

Thematic analysis of interview transcripts identified recurrent patterns, learner attitudes,
cognitive engagement, and communication behaviors. Qualitative insights were used to complement
statistical findings and explain nuances in student response to the innovation. Approval was obtained
from the school authorities and informed consent was secured from all participants. Confidentiality
and anonymity were maintained throughout the research process. Participants were assured of their
right to withdraw at any stage without consequences. Multiple strategies ensured validity and
reliability, including: Expert validation of test instruments, Statistical verification of tests’
psychometric properties using Rasch analysis, Triangulation through mixed-method design to
corroborate and contextualize findings, and Standardized application of the intervention and
consistent data collection procedures. This robust mixed-method methodology allows a rigorous
evaluation of PBL-EM’s impact on mathematical communication skills among senior high school
students, while accounting for the moderating role of cognitive styles. This approach facilitates the
measurement of learning outcomes and understanding of students' cognitive and mathematical
communication styles in the context of problem-based learning enhanced by electronic module
technology.

4. Results
Table 2 displays data on students” mathematical communication skills based on test results.

Table 2. Data on Students' Mathematical Communication Ability

Statistical Experimental Class Control Class
Results Pre-test  Post-test  Pre-test  Post-test

N 20 20 19 19
Mean 9.90 17.85 11.10 16.10
Median 8.50 18.00 8.00 13.00
Variants 7.21 2.37 8.58 6.15
Std. Deviation 3.14 1.18 2.31 1.20
Minimum 6,00 15.00 7.00 14.00
Maximum 16.00 20.00 17.00 19.00

Table 2 reveals that the pre-test mean scores in the experimental (9.90) and control (11.10)
classes were similar, indicating that the initial math communication skills were similar. The
experimental class obtained a significantly higher post-test score (17.85) than the control class
(16.10). The median post-test score of the experimental class (18.00) is higher than the score of the
control class, which is 13.00. The experimental group had higher post-test scores (20.00 and 15.00)
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than the control group (19.00 and 14.00). The implementation of the Problem-Based Learning
integrated with E-Module (PBL-EM) significantly improved students’ mathematical communication
skills compared to the control group using conventional PBL. The pre-test results indicated
comparable baseline scores between the experimental and control groups, while the post-test scores
showed a marked increase for the PBL-EM group.

Figure 1 compares the pre-test and post-test results of students' mathematical communication
skills in the experimental and control classes.
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Figure 1. This study compared pre-test and post-test results between experimental and control
classes on various aspects of students' mathematical communication skills.

The experimental and control classes showed an increase in the average score of students'
mathematical communication skills, as shown in Figure 1. The experimental class showed higher
average post-test scores in all aspects of students' mathematical communication skills compared to
the control class. The post-test experimental class showed the highest average score on the
formulating mathematical concepts and strategies aspect (4.00) and the lowest average score on the
use of mathematical terms, notations, and structures to present ideas and illustrate relationships
between mathematical concepts aspect (3.50). This study examines the level of mathematical
communication skills of students using uji-t and uji skor N-gain.

4.1. What are the differences in students' mathematical communication skills
between classes that use E-Module-based PBL (PBL-EM) and those that do not use E-
Module-based PBL?

The independent t-test results showed that there was a statistically significant difference in
mathematical communication ability between the experimental and control groups (t(37) = 4.579, p
= 0.017). The mean post-test score of the experimental group (20.00) was higher than that of the
control group (19.00). Cohen's d value of 0.60 indicates a moderate effect, which means that the
application of PBL-EM has a positive effect on improving students' mathematical communication
skills.

In addition, moderation analysis showed that cognitive style acts as a significant moderator
variable. Students with convergent style showed an increase in mathematical communication score
by 25%, higher than divergent style which only increased by 10%. These results indicate that
adaptation of technology-based methods and materials according to cognitive style is very important
in improving learning effectiveness.

The interview results revealed that most students found it easier to understand concepts
through convergent and multimedia in the E-Module. Students stated that the digital flipbook made
it easier for them to visualize the relationship between mathematical concepts, especially in
conveying ideas orally and in writing. Observations also showed that students who used the E-Module
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were more active in group discussions and proved to be more confident in expressing their
mathematical ideas.

The results of the normality and homogeneity tests showed that the post-test score data were
normal and homogeneous, so the prerequisites for the t-test were met. The t-test results are
presented in Table 3.

Table 3. T-test results on the post-test scores of students' mathematical communication skills for
experimental and control classes

Exam
Class Mean Count Sig. t (0,05) Result
Decision
Experimental 20.00 Ho
4.579 0.000 1.74474  count > table
Control 19.00 Rejected

Table 3 shows that Independent t-test results demonstrated a statistically significant difference
in post-test scores: experimental group mean = 20.00, control group mean = 19.00, t(37) = 4.579, p
< 0.001. This confirms the hypothesis that PBL-EM positively impacts mathematical communication.

4.2. How is the comparison of students' mathematical communication skills before
and after the learning process in classes that use e-module-based PBL and those that do
not use e-module-based PBL?

The N-gain score test results are presented in Table 4.

Table 4. Test Results of N-Gain Scores on Post-Test Scores of Students' Mathematical
Communication Ability for Experimental Classes and Control Classes

Class Score N-Gain Group
Experimental 0.68 Medium
Control 0.27 Low

The explanation in the E-Module-based PBL (PBL-EM) is equipped with pictures and examples of
applications in everyday life so that students can more easily understand the topic. The topics
presented are related to students' real-world situations, and learning activities in E-Module-based
PBL (PBL-EM) encourage students to make connections between students' knowledge and its
application in everyday life. Learning activities in E-Module-based PBL (PBL-EM) also help students
understand mathematical logic material better. Students’ mathematical communication questions in
E-Module-based PBL (PBL-EM) make it easier for students to learn the topic. Students” mathematical
communication questions play a role in guiding students during learning activities. Students think
that E-Module-based PBL (PBL-EM) can empower students' mathematical communication skills.
Studenys’ mathematical communication questions in E-Module-based PBL (PBL-EM) can also
encourage students to communicate very well.

Moreover, cognitive style subgroup analysis suggested students with analytic cognitive styles
showed greater gains in expressing and visualizing mathematical ideas when supported by PBL-EM,
highlighting the importance of tailoring instructional design to cognitive preferences. Interview data
corroborated quantitative results: students in the experimental group reported higher engagement,
clearer understanding of mathematical concepts, and increased confidence in communicating
mathematical ideas both verbally and in writing. They appreciated the E-Module's interactive content
and collaborative tasks, which scaffolded complex reasoning and discussion. Teachers noted that PBL-
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EM facilitated active student participation and peer-to-peer learning, though they also highlighted
the need for motivation strategies to mitigate potential uneven group engagement. Together, these
qualitative insights emphasize the role of technology-enhanced PBL in fostering not only knowledge
acquisition but also communicative competence, especially when cognitive styles are considered.

5. Discussion

The results of this study support the hypothesis that PBL-EM significantly improves students'
mathematical communication skills compared to the conventional PBL method. This finding is in line
with previous studies showing that the use of multimedia technology in mathematics learning can
increase student motivation and understanding (Handayani et al., 2021; Mediatati et al., 2025).

Furthermore, moderation analysis showed that students' cognitive style mediated the
effectiveness of PBL-EM, with convergent-oriented students showing the most improvement. This
finding confirms the importance of personalizing learning according to cognitive style in order to
optimize learning outcomes (Johnson et al., 2022; Adler et al., 2025).

Practically, the use of interactive and adaptive E-Modules can enrich students' learning
experience, create a more interesting learning atmosphere and support the development of complex
mathematical communication skills, such as using mathematical terms, notations, and structures to
present ideas and illustrate relationships between mathematical concepts. The development of
technology-based learning media must be able to adapt to the individual needs of students, this is in
line with recommendations (Dlsing, 2025; Pitorini et al., 2024).

Nevertheless, this study has limitations related to the relatively small sample size and limited
duration of the intervention. Therefore, longitudinal studies with larger samples are needed to test
the sustainability of the effect and the generalizability of the results.

The results of this study suggest that integrating cognitive style-oriented E-Module in PBL model
can be an effective strategy to improve students' mathematical communication and concept mastery.
This is important for a series of curriculum development that is more personalized and technology-
based in the digital era.

Future research is recommended to expand the sample, test long-term effectiveness, and
develop more innovative and contextual E-Modules according to the needs of students at various
levels and fields of study.

6. Conclusion

The study revealed that the implementation of PBL-EM significantly improved students'
mathematical communication ability, promoted cognitive development, and fostered differences
between students in the experimental and control groups. Students who used PBL-EM showed better
improvement in their mathematical communication ability at the end of the learning process
compared to students who did not use it. However, this emphasizes the importance of tailoring the
learning method to students' cognitive styles. As a result, it is possible to conclude that PBL-EM
effectively improves students' mathematical communication skills and provides new hope about the
importance of incorporating cognitive style into the mathematical communication process in
students' mathematics learning. Thus, PBL-EM can be used as an effective learning method in
improving students' mathematical communication skills by integrating students' cognitive styles in
mathematics learning.

In PBL-EM, students are invited to solve mathematical problems by discussing and collaborating.
For example, students are given the task of designing a statement based on certain criteria and then
presenting the results orally in front of the class. However, a counterproductive example of PBL-EM
can occur when students are not active in the discussion and prefer to rely on their groupmates to
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complete the task. This can result in uneven participation in learning and a lack of understanding of
mathematical concepts that should be gained through collaboration. Therefore, teachers need to
motivate students to be actively involved in discussions and encourage students to actively
participate in the learning process.

Practically, the findings suggest educators and curriculum developers to design PBL
environments coupled with customized e-modules to address individual cognitive differences,
fostering deeper mathematical communication skills essential for academic success and real-world
problem solving.

7. Suggestion

The recommendation is for future research to explore the application of PBL-EM in various
educational settings and other mathematics materials. Expanding the research sample will offer a
more comprehensive understanding of the impact of cognitive style and the PBL-EM approach on
students' mathematical communication skills. Effective student mathematical communication
requires the ability to apply higher-order cognitive processes (Ozdemir & Tosun, 2025). Individuals
with certain message delivery abilities, such as open-mindedness, intellectual curiosity, and
skepticism, are more likely to use mathematical communication skills in everyday life (Thomas &
Hayes, 2021).
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