International Journal of Advanced and Applied Sciences, 12(4) 2025, Pages: 164-172

W %@% Contents lists available at Science-Gate f
K \ B International Journal of Advanced and Applied Sciences XY,
S ¢
§ JJ"& :) :I Journal homepage: http://www.science-gate.com/IJAAS.html 0_" . |

The impact of visual and multimodal representations in mathematics on

cognitive load and problem-solving skills

Marthinus Yohanes Ruamba, Yohanes Leonardus Sukestiyarno *, Rochmad Rochmad, Tri Sri Noor Asih

Faculty of Mathematics and Natural Science, Semarang State University, Semarang, Indonesia

ARTICLE INFO

ABSTRACT

Article history:

Received 30 November 2024
Received in revised form

6 April 2025

Accepted 25 April 2025

Keywords:

Cognitive load reduction
Multimodal learning
Mathematics education
Visual representations
Problem-solving skills

This study investigates how visual and multi-modal representations can
reduce cognitive load and enhance problem-solving skills in mathematics.
Through a systematic literature review following the PRISMA methodology,
we analyzed studies (2014-2023) on the effects of visual, symbolic, and
interactive representations in supporting mathematical understanding.
Findings reveal that digital tools and multi-modal approaches significantly
improve students' grasp of abstract concepts while increasing engagement
and motivation. The study emphasizes adapting instructional design to
learners' cognitive needs across educational levels, advocating for interactive
strategies to strengthen critical thinking and retention. Future research
should explore long-term impacts and extend to diverse cultural and
educational contexts.

© 2025 The Authors. Published by IASE. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Mathematical representations have long played a
pivotal role in fostering students’ understanding of
abstract concepts. These representations—whether
visual, symbolic, or verbal—help bridge the gap
between theoretical constructs and practical
applications. Visual representations, in particular,
enable students to process complex information
more intuitively, while multimodal approaches
combine different formats to encourage critical
thinking and deeper analysis (Ainsworth, 2014).
Advances in technology have further amplified the
potential of these methods. Tools such as interactive
graphs and simulations now allow learners to
explore  mathematical concepts dynamically,
reducing cognitive load and enhancing motivation
(Fischer et al., 2013; Sweller, 2020).

Recent studies emphasize the benefits of
multimodal representations in improving problem-
solving skills and memory retention. Cognitive Load
Theory (Sweller, 1988) and Dual Coding Theory
(Paivio, 1990) serve as foundational frameworks,
illustrating how combining visual and verbal
elements engages multiple cognitive channels to
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facilitate understanding. For example, graphs and
diagrams have been shown to clarify relationships
between variables, simplifying problem-solving
processes (Schnotz and Kiirschner, 2007).

Despite these advances, significant gaps remain
in applying these strategies to technologically
constrained environments, particularly in
developing countries. While research in developed
nations has extensively explored Cognitive Load and
Dual Coding theories, their practical application in
resource-limited settings is still underrepresented.
This study addresses this gap by proposing a
multimodal instructional model tailored for pre-
service teacher training programs, accounting for
both infrastructure limitations and diverse
educational contexts. Through a systematic
literature review, this article synthesizes global
insights and offers actionable recommendations for
inclusive instructional design.

Research also highlights the role of multimodal
approaches in  optimizing mental concept
construction and problem-solving skills. For
instance, Sweller (1988) demonstrated that visual
aids effectively reduce intrinsic cognitive load in
complex mathematical tasks. Similarly, Paas et al
(2003) revealed that multimodal strategies enhance
problem-solving capabilities by alleviating extrinsic
cognitive load, particularly for visually oriented
learners. Recent findings by Liu et al. (2024)
underscored the importance of inter-modal
connectivity in fostering conceptual understanding,
further validating the efficacy of these approaches.
The implications of this research extend beyond
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academic settings. Multimodal representations not
only simplify abstract concepts but also cultivate
critical thinking and analytical skills essential for
professional success (Debrenti, 2024). By integrating
visual, verbal, and symbolic elements, these
strategies align with the demands of modern
workplaces, where problem-solving and adaptability
are paramount (Moreno and Mayer, 2007).

Although prior studies highlight the benefits of
multimodal instruction, most focus on general
applications of cognitive theories without delving
into specific instructional designs or skills
optimization. This study contributes to bridging that
gap, offering targeted solutions for enhancing
mathematics education in diverse and resource-
constrained settings. Based on the problems above,
the research questions that need to be answered
through research are:

1. How can visual and multi-modal representations
reduce the cognitive load of prospective teachers
in understanding the mathematical concepts they
will teach?

2. How does the use of multi-modal representations

influence preservice teachers' mathematical
problem-solving skills in the context of teaching
preparation?

3. Can the integration of digital devices using multi-
modal representations enhance student-teacher
motivation and engagement in mathematics
learning?

Based on the above research questions, this study
aims to examine the impact of visual and multi-
modal representations on cognitive load and
problem-solving skills in mathematics education,
focusing on current trends and research gaps that
can still be explored. This study uses a systematic
literature review to evaluate the effects of visual and
multi-modal  representations in  mathematics
education on cognitive load and problem-solving
skills. This process follows a systematic approach
(Xiao and Watson, 2019) and uses PRISMA-P, NVivo

for qualitative analysis, and Excel for data
management. The reviewed articles were retrieved
from Scopus, Web of Science, and ERIC between
2014-2023, thus covering the latest developments in
the field. These databases were selected due to their
coverage of relevant and high-quality literature, with
Scopus and Web of Science widely known for their
interdisciplinary coverage, while ERIC has a specific
focus on education (Mongeon and Paul-Hus, 2016).
Through this approach, this study successfully
reflects the current understanding of how visual and
multi-modal representations can optimize
mathematical understanding by reducing cognitive
load and improving students' problem-solving skills
(Ceulemans et al., 2015).

2. Materials and methods
2.1. Study design and overview

This study used a Systematic Literature Review
(SLR) approach to screen, identify, and analyze
literature on the impact of visual and multimodal
representations in mathematics learning, specifically
focusing on cognitive load and problem-solving
skills. The SLR approach follows a structured
procedure to ensure transparency and replicability
in the literature analysis, thereby increasing the
validity of the study results.

2.2. Systematic review framework

This SLR follows the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses) framework, which includes the stages of
article identification, screening, eligibility, and
inclusion. The PRISMA flowchart illustrates the
article selection process, from initial search to final
analysis, thus increasing clarity and reliability in
presenting the selection process. Fig. 1 shows the
process of selecting scientific publications for a
systematic review.

Studies from databased/registers
(n=94)
Scopus (n=94)

Identification

A4

Studies Screened (n = 64)

> Studies Excluded (n = 30)

\2

Screening

Studies sought for retrieval (n = 64)

Studies not retrieved (n = 0)

v

2

Studies Assessed for eligibility (n = 33) 9 Studies Excluded (n =31)

\ 4

Studies Included in review (n = 33)

Included

Fig. 1: lllustration of data collection with PRISMA diagram
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2.3. Quality assessment

To ensure the validity and reliability of the
selected studies, a quality assessment was conducted
using the CASP (Critical Appraisal Skills Program)
checklist. The assessment evaluated key aspects such
as methodological rigor, clarity of data analysis, and
relevance to the research questions. Studies that did
not meet the minimum quality threshold were
excluded.

The results of the quality assessment are
summarized in Table 1. Each article was rated on
three criteria (methodological rigor, data analysis,
and relevance), with an overall score calculated to
determine inclusion.

2.4. Keyword identification and search strategy

Keywords such as “visual representation,”
“symbolic representation,” “multimodal
mathematics,” and “cognitive load in mathematics”
were used in the search in leading databases such as
Scopus, Web of Science, and IEEE Xplore. Boolean
operators (AND, OR) were used to broaden or

narrow the search results, ensuring comprehensive
yet relevant literature coverage.

2.5. Inclusion and exclusion criteria

Inclusion criteria targeted peer-reviewed articles
from 2014 to 2024 that examined visual and
multimodal  representations in  mathematics
education. Articles that lacked a clear methodology
or failed to measure cognitive impact or problem-
solving skills were excluded to maintain the quality
and relevance of the review results (Liberati et al.,
2009).

2.6. Data extraction and synthesis

Data extraction involved a standardized form that
recorded the methodology, sample, results, and key
findings of each study. Thematic analysis was
conducted to identify key patterns related to the
impact of visual and multimodal representations on
students' cognitive load and problem-solving skills
(Thomas and Harden, 2008).

Table 1: Quality assessment summary

Reference Methodological rigor Data analysis Relevance Overall score
Naseem et al. (2023) High Comprehensive High 4.7/5
Kaur etal. (2024) Medium Good Moderate 3.9/5
Asmara et al. (2024) High Strong High 4.5/5
Wang et al. (2013) Medium Moderate Moderate 3.7/5
Maries And Singh (2023) High Robust High 45/5
Sirock et al. (2023) Medium Advanced Medium 3.5/5
Hahn and Klein (2023) High Comprehensive High 4.7/5
Ayabe et al. (2022) Medium Satisfactory High 4.0/5
Saha etal. (2022) High Rigorous High 4.8/5
Yan et al. (2020) High Comprehensive Highly relevant 5/4
Xian and Tian (2019) Medium Robust Moderately relevant 4/5
Ngu (2019) High Detailed Highly relevant 5/5
Choi etal. (2019) High Moderate Relevant 4.5/5
van Lieshout and Xenidou-Dervou (2018) Medium Adequate Moderately relevant 4/5
Sheridan etal. (2017) Well Advanced High relevance 4/5
Attout et al. (2017) Moderate Strong Relevant 3/5
Hardman et al. (2017) High rigor Advanced Strong 3/5
Richland et al. (2016) Strong Advanced Highly 4/5
Maboudi et al. (2015) Moderate Advanced Relevant 3/5
Bennett and Stark (2016) High Advanced Highly 4.5/5
Luzén and Letén (2015) Medium Advanced Relevant 3.5/5
McCrink and Galamba (2015) High Advanced Relevant 4.5/5
Reisslein et al. (2014) Medium Advanced Relevant 4/5
Palmisano et al. (2014) High Advanced Directly relevant 4./5
Waisman et al. (2014) Rigorous Strong Highly relevant 4.5/5

3. Results and discussion
3.1. Research article trends

The trend of publication of research articles on
this topic in leading international journals from 2014
to 2024 shows significant variation, with a
fluctuating pattern reflecting the dynamics of
academic research output. In 2014, two articles were
published, with a slight increase to three in 2015.
Despite a slight decrease, the number of articles
remained stable at two in 2016, indicating a period
of gradual but steady growth. In 2017, the number of
articles increased significantly to four, marking a

166

peak indicating increased interest or research
activity in that year.

However, this trend did not continue into
subsequent years. In 2018, the number of articles
dropped to three, followed by a sharper decline to
just one article in 2019. This low publication rate
persisted into 2020. The period from 2018 to 2020
showed a significant decline, possibly due to a
variety of external factors affecting research activity.
2021 marked a turning point, with the number of
articles increasing sharply to six, the highest number
in the decade. This indicates a significant increase in
research production, which could be due to
additional support, increased research focus, or
other incentives that encourage publication. In the
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last two years, from 2022 to 2024, the number of
publications is stable, with only minor fluctuations.
After dropping to four articles in 2022, the number
increases again to six in 2023 and remains stable
through 2024. This indicates stability in the number
of publications associated with research titles at the
end of the period. Fig. 2 below shows the increasing
trend in research articles from 2014 to 2024.

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

e Y eQI'S

Fig. 2: Trend of increasing number of research articles
2014-2024

Visual and multimodal representations in
mathematics have been shown to enhance students’
cognitive processes and problem-solving abilities.
This approach reduces cognitive load, provides
multiple methods for understanding complex
concepts, and encourages students to internalize
abstract mathematical concepts (Sweller, 2010;
Mayer and Moreno, 2003). Studies show that the
combination of visual, symbolic, and interactive
elements can build effective, deeper, and efficient
learning.

3.2. How do visual and multimodal aids reduce
cognitive load in pre-service teachers’ math
learning?

Research has shown that visual representations
help  students understand the  structural
relationships between mathematical concepts,
thereby reducing cognitive load. In mathematical
discussions, students often compare solutions and
identify relational patterns between concepts.
Research by Richland et al. (2017) found that
parallel visual mapping and explicit visual cues can
facilitate students in connecting abstract concepts
more easily, without feeling cognitively overloaded.
They stated, “Pedagogical practices such as
providing explicit comparison cues and spatially
arranging visuals can help students notice the
desired relationships between solutions while
minimizing the burden on their cognitive resources
(Richland et al., 2017).

Discussions involving comparisons of different
solutions are effective in developing students’
conceptual understanding, especially with the
support of multi-modal representations. Waisman et
al. (2014) highlighted that when students compare
graphical and symbolic representations in solving
mathematical problems, their relational reasoning
skills are strengthened. With the help of appropriate
visualization, students can understand the
relationships between mathematical variables
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without being burdened by excessive cognitive load.
The authors explained, “Higher brain activity was
found in students who excelled in mathematics who
were not identified as gifted in general, indicating
increased cognitive load in this group of students
(Kuznetsova et al., 2024).

Coloring variables in learning materials can
reduce cognitive load, especially in learning
involving complex diagrams or representations.
Reisslein et al. (2014) tested the effects of using
color on symbols in circuit diagrams and found that
students who learned with color coding were more
likely to recognize variables, experienced higher
engagement, and had lower cognitive load. The study
stated that "the color group achieved higher post-
test scores, rated the instructions higher and felt
they were helpful, and rated cognitive load lower
than the black letter group (Liu et al,, 2021). Multi-
modal representations in the form of animations also
showed significant impacts in improving the
understanding of basic mathematical concepts. In a
study by Luzén and Letén (2015), the animation
effect was applied to mathematical text in a video
podcast, which helped students focus their attention
on important information.

The results of the study showed that "the
inclusion of appropriate animation effects in the
material can facilitate cognitive processes that focus
on selecting information, building representation
models, and understanding, thereby improving
students' learning abilities (Luzén, and Letdn, 2015).
In complex mathematics learning, multi-state models
have been shown to be effective in simplifying the
cognitive processes required to understand complex
concepts. Palmisano et al. (2014) developed a multi-
state-based model that allows for the simplification
of mathematical representations in biochemical
systems, making it easier for students to understand
without being burdened by the complexity of the
usually complicated models. The authors stated, that
the use of multi-state reactions reduces the number
of reactions required to represent many biochemical
network models, which reduces the cognitive load
for a particular model, making it easier for modelers
to build more complex models" (Palmisano et al,
2014).

3.3. How do multimodal representations affect
pre-service teachers’ math problem-solving in
teaching preparation?

A study by van Lieshout and Xenidou-Dervou
(2018) showed that combining images with auditory
information reduced cognitive load and increased
accuracy in solving basic arithmetic problems, such
as subtraction. The results of this study support
cognitive load theory, especially for students who
are underachieving in mathematics, by showing that
multimodal combinations are more effective than
single visualizations in improving problem-solving
skills (van Lieshout and Xenidou-Dervou, 2018).
Sheridan et al. (2017) investigated how mental
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mapping using a “mental number line” helped
college students simplify numerical processing tasks.

This study emphasizes that problem-solving
skills are enhanced by combining numerical
processing with sensory-motor control. This study
suggests that solving mathematical problems
involving visual representations can be more
effective when combined with physical activity, such
as the use of a stylus in number line exercises
(Sheridan et al, 2017). Richland et al. (2017)
examined the role of mathematical discussion in
comparing alternative solutions to problems. They
found that the use of parallel visual representations
and relational reasoning can strengthen problem-
solving skills, especially in understanding common
mathematical algorithms.

By providing appropriate visual cues, students
can more easily notice the relationships between
different solutions without feeling cognitively
overwhelmed, thus supporting the development of
effective problem-solving skills (Richland et al,
2017). Reisslein et al. (2014) proved that the use of
mathematical variable coloring in circuit diagrams
can improve students' understanding of analyzing
electrical circuits. Mathematical variable coloring
helps students recognize patterns and understand
relationships between variables more quickly, which
supports their problem-solving skills in circuit
analysis situations.

These results suggest that visualization with
coloring can be an effective tool in problem-solving-
based learning (Reisslein et al, 2014). Luzén and
Letén (2015) showed that animation in visual
representations can facilitate cognitive processes,
thereby  helping  students  build internal
representational models that support problem-
solving. In their study, the use of animation in texts
explaining basic probability concepts was shown to
improve mathematical problem-solving skills. This
suggests that a multimodal approach involving
animation can deepen students' understanding of
complex concepts in mathematics (Luzén and Letén,
2015).

3.4. Can multimodal digital tools boost pre-
service teachers' motivation and engagement in
learning math?

Tso et al. (2022) examined how dynamic
visualization through body simulation affects
students' motivation and understanding of algebraic
manipulations. This study found that visualization
through body simulation or instructional animation
improves students' perceptions of the learning
process and increases engagement with algebraic
content. The results of this study indicate that the
use of body movement simulation during learning
has a positive effect on student's motivation to be
actively involved in the mathematics learning
process. Kaur et al. (2024) discussed how
multimodal medical image fusion (e.g. CT/MRI) can
improve user focus and engagement in
understanding complex visual content. Although this
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study was conducted in a medical context, the
findings suggest that multimodal representations
can also be applied to improve engagement in the
context of mathematics learning, especially when
understanding concepts that require clear and
structured visual representations. Saha et al. (2022)
explored how digital tools based on galvanic skin
response (GSR) and photoplethysmography (PPG)
can be used to monitor users’ cognitive load in
activities that require high cognitive engagement.

The results showed that digital devices that can
monitor and adjust cognitive load can help increase
user engagement by adjusting the appropriate level
of stimulation. In the context of mathematics
learning, the use of similar devices can increase
student engagement by facilitating optimal levels of
stimulation. Tso et al. (2022) also found that when
high-achieving students used embodied simulations
or instructional animations, they tended to show
increased positive perceptions of initiative in
learning. For students with lower abilities,
instructional animations increased their perceptions
of self-efficacy and learning strategies. These
findings suggest that digital devices that incorporate
multi-modal representations can increase
motivation and engagement in mathematics
learning, especially when the instructional methods
are tailored to students' achievement levels.

3.5. Findings and implications

The use of visual and multimodal representations
in mathematical problem-solving significantly
reduces cognitive load while improving students’
understanding and problem-solving skills. Visual
representations, such as diagrams, simplify the
understanding of mathematical space and logic,
while the combination of visual text improves
memory and academic performance in process-
based learning (Maries and Singh, 2023). In line with
the findings of Moreno and Mayer (2007), this
approach stimulates diverse sensory engagement,
which supports stronger and more efficient
conceptual construction.

This study shows that visual and multimodal
representations have a positive impact on
understanding mathematical concepts, reducing
cognitive load, and improving problem-solving skills.
However, the effectiveness of these strategies may
vary depending on the level of education and the
characteristics of different age groups. Adjustment in
teaching approaches based on the level of education
is important to optimize student learning outcomes.
At the elementary level, approaches involving
concrete manipulatives and simple visuals are more
effective. Children at this age tend to respond well to
learning materials that use concrete visual
representations, such as pictures or colors, to
facilitate understanding of abstract mathematical
concepts. For example, visual blocks or other
manipulatives that students can physically handle
help convey basic concepts of numbers and
mathematical operations through direct experience.
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In contrast, at the secondary education level,
students begin to have more developed cognitive
capacities so that they can handle more abstract and
symbolic visual representations. For example,
complex graphs or diagrams can help students
interpret the relationships between variables in
mathematical equations or functions. Multimodal
approaches that include interactive graphs, digital
simulations, and animated videos are also very
effective in stimulating students' interest and
understanding of more complex concepts. At higher
education levels, such as universities, the use of
more  dynamic and  abstract  multimodal
representations can help students understand more
complex mathematical concepts. Students can
benefit from digital tools that allow for real-time
simulation and manipulation of variables, such as
mathematical software or computer-based
applications. Visual representations in the form of
animations and 3D models can facilitate their
understanding of concepts such as calculus and
statistics, which require higher abstract thinking.
Thus, the adaptation of visual and multimodal
representation approaches that are tailored to the
cognitive characteristics and specific needs of each
age group will increase the effectiveness of
mathematics learning. Further research is
recommended to explore the long-term impact of
this approach on different age groups in the context
of mathematics learning, to ensure that this
technique can be optimized and applied widely.

These results strengthen the cognitive load
theory which states that more comprehensive and
structured representations can reduce the
complexity of information, thereby enhancing the
learning process. By distributing information across
multiple sensory modalities, multimodal
representations not only minimize extrinsic
cognitive load but also optimize the information
processing  process, supporting a  deeper
understanding of mathematical concepts (Paivio,
1990). At the elementary level, multimodal
representations such as images and colors have been
shown to be more effective in facilitating a basic
understanding of mathematical concepts. At the
college level, more abstract representations, such as
dynamic graphs and computer-based mathematical
simulations, may be more appropriate to help
students solve more complicated problems.

The findings of this study have direct
implications for mathematics teaching practices,
which can be improved by implementing a
multimodal representation-based approach. The use
of aids such as diagrams, graphs, and visual-text
combinations can be implemented in the curriculum
to help students understand difficult concepts while
reducing their cognitive load. This approach not only
facilitates conceptual understanding but also allows
early detection of students' learning difficulties,
providing them with alternatives to explore deeper
solutions and concepts. The practical implications of
these findings show the great potential of
multimodal representations in enriching
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mathematics teaching methods at various levels of
education. At the elementary level, teachers can use
simple visual representations such as diagrams or
concept maps to introduce basic mathematical
concepts. For example, in learning arithmetic
operations, colored bar or block diagrams can be
used to help students understand addition or
subtraction calculations, making it easier for them to
relate abstract concepts to concrete objects.

The findings of this study are consistent with
previous studies that underline the role of visual
representations in reducing cognitive load and
increasing learning efficiency (Sweller, 1988; Mayer
and Moreno, 2003). However, recent literature
suggests that multimodal representations are more
effective than single visuals in supporting problem-
solving skills. In particular, the use of multimodal
representations is considered more effective in
dealing with complex mathematical tasks, especially
in learning environments that require deep
understanding.

This study has two main contributions that
distinguish it from previous literature. First, this
article proposes a visual-based and multimodal
instructional approach that can be implemented in
pre-service teacher training in developing countries.
This approach is relevant to improving the quality of
mathematics learning in environments with limited
access to technology. For example, teachers can
utilize simple tools such as manual visual
manipulatives or picture-based aids to overcome
technological barriers.

Second, this study adapts existing theories, such
as Cognitive Load Theory, to the specific context of
education in developing countries. Thus, this article
opens up space for further discussion on how this
approach can be integrated into more inclusive
curricula and  teacher training programs.
Furthermore, this study highlights the importance of
instructional design that takes into account the
cognitive needs and technological readiness levels of
students at different levels of education.

These findings provide a basis for the
development of a visual and multimodal curriculum
that can be adapted to different levels of education in
developing countries. Further research is needed to
evaluate the effectiveness of this approach in a wider
cross-cultural and educational context. Further
research is recommended to investigate the long-
term impact of using multimodal representations on
students with different skill levels, including
students with special needs. In addition, cross-
cultural research would be useful to see whether this
method produces equally effective results across
different socio-cultural backgrounds. Research
should also expand the scope of evaluation tools to
assess the effectiveness of visual representations in
supporting students' analytical skills and explore
how digital technologies can be used in the
development of problem-solving skills in
mathematics classrooms.

While this study provides valuable insights into
the impact of visual and multimodal representations
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on reducing cognitive load and improving problem-
solving skills, it is important to acknowledge certain
limitations. First, this study is based solely on a
systematic literature review, which synthesizes
findings from existing research but does not include
empirical validation through direct experimentation
or longitudinal data collection. As a result, the
conclusions drawn are foundational and may require
further empirical investigation to establish their
applicability in real-world educational settings.

Future research should focus on conducting
experimental studies and longitudinal analyses to
validate the findings presented here. For instance,
empirical studies could evaluate the effectiveness of
multimodal instructional designs in different cultural
and educational contexts, particularly in resource-
constrained environments. Additionally, employing
advanced tools such as eye-tracking or physiological
sensors could provide deeper insights into how
students interact with multimodal learning
resources and how these interactions influence
cognitive load and problem-solving skills.

Furthermore, while this study highlights the
potential of visual and multimodal approaches for
enhancing mathematics education, the
generalizability of these findings across diverse
student populations remains to be tested. Variations
in educational systems, technological accessibility,
and individual learning preferences may
significantly influence the outcomes of multimodal
instructional strategies.

3.6. Critical analysis of findings

The findings of this study indicate that
multimodal representations significantly reduce
cognitive load and enhance problem-solving skills,
aligning with Cognitive Load Theory (Sweller, 2020).
These results support the argument that engaging
multiple sensory modalities during instruction can
facilitate a deeper understanding and retention of
abstract mathematical concepts. For instance,
integrating visual and symbolic representations
allows students to process information more
efficiently by leveraging both working memory and
long-term memory.

However, the findings also challenge traditional
pedagogical approaches that prioritize single-
modality instruction. The evidence suggests that
multimodal strategies not only improve cognitive
outcomes but also increase student motivation and
engagement, particularly when digital tools are
employed. This aligns with the work of Ainsworth
(2014), who highlighted the importance of
representational diversity in learning environments.

3.7. Implications for practice

Educators can apply these findings by
incorporating multimodal tools, such as interactive
simulations, color-coded diagrams, and digital
applications, into their teaching strategies. These
tools not only simplify complex concepts but also
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accommodate diverse learning preferences, making
education more inclusive. Furthermore, integrating
these tools in resource-constrained settings can
bridge gaps in educational equity, providing students
with accessible and effective learning experiences.

3.8. Policy recommendations

Policymakers should support the adoption of
multimodal instructional practices by investing in
teacher training programs and providing funding for
educational technology. Additionally, curriculum
developers should prioritize the inclusion of
multimodal resources to ensure alignment with
contemporary pedagogical research. Establishing
guidelines for effective multimodal instruction can
also standardize best practices across different
educational contexts.

4., Conclusion

This study highlights the significant impact of
visual and multimodal representations in
mathematics  education, demonstrating their
effectiveness in reducing cognitive load and
improving students’ problem-solving skills. By
providing a richer distribution of information, the
multimodal approach optimizes students’
understanding of complex mathematical concepts
through diverse representations, including visual,

verbal, and symbolic formats. This approach
facilitates knowledge retention while encouraging
higher motivation and deeper conceptual

understanding. These findings are in line with
cognitive load theory, which states that adjusting the
presentation of information to students’ cognitive
capacities improves learning efficiency.

The systematic review methodology used in this
study supports a structured and comprehensive
analysis, which offers important insights for
developing curricula that incorporate multimodal
representations. The practical implications of this
study advocate the implementation of a multimodal
approach in the curriculum, including visual aids
such as diagrams and graphs and the integration of
digital devices. This approach also expands
opportunities for implementation in inclusive
learning contexts, allowing early detection of
learning challenges and offering a variety of
alternative solutions.

4.1. Recommendations for future research

Future studies should validate these findings
through empirical research, particularly in diverse
cultural and educational contexts. Longitudinal
studies are needed to assess the long-term impacts
of multimodal instruction on cognitive development
and academic performance. Additionally, exploring
the integration of emerging technologies, such as
augmented reality and artificial intelligence, could
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further enhance the effectiveness of multimodal
learning approaches.
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