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Received August 20, 2026 problems, viewed through the lens of gender. The study employed a
Revised September 21, 2026 descriptive qualitative approach involving two subjects: one male student
Accepted: October 2, 2026 and one female student. Data were collected through written tests and

interviews, then analyzed based on visual, symbolic, and verbal
representations. Data validity was reinforced by comparing the students’

Keywords: work with the explanations provided during interviews. The results showed

that the male student was able to draw a three-dimensional rectangular
Geometry, Gender, prism and accurately label its length, width, and height, though he did not
Mathematical Representation, present the front and side views separately. The female student was able
Elementary School, TIMSS. to fully present the drawing of the rectangular prism, as well as its front

and side views. Regarding symbolic representation, the male student was
able to construct a mathematical model, apply formulas, and obtain the
correct result, although the completeness of steps and precision regarding
units needed improvement. The female student used symbols, operations,
and units systematically and linked them to conceptual understanding. In
terms of verbal representation, the male student provided a correct
conclusion but offered a relatively brief written explanation, whereas the
female student explained the steps, reasoning, and conclusion in a
coherent manner. Overall, both subjects demonstrated good and
interconnected mathematical representation abilities. These findings
illustrate the tendencies of the subjects and cannot be generalized as a
difference in ability based on gender.

Introduction

Mathematics is a compulsory subject because it is essential in various fields, both within
mathematics itself and other disciplines (Septian & Komala, 2019). It also plays an important
role in education and is taught at elementary, secondary, and higher education levels
(Luritawaty, 2018). Students are expected to achieve the competencies established in the
curriculum, including understanding mathematical concepts and applying them accurately and
efficiently to solve problems. One competency indicator is the ability to present mathematical
concepts through various representations, such as tables, graphs, diagrams, pictures, sketches,
and mathematical models (Permendikbud, 2014; Hariyani et al., 2023; Tupamahu et al., 2023;
Cevikbas et al., 2022).

This expectation is consistent with the Hadith of the Prophet Muhammad narrated by Ibn
Mas'ud, which encourages Muslims to seek knowledge and teach it to others (HR. Ad-Darimi,
Ad-Daruquthni, Al-Baihaqi). The hadith emphasizes the importance of learning and sharing
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knowledge, which is relevant to students' responsibility to develop the competencies required
in education.

According to the National Council of Teachers of Mathematics (NCTM), mathematical
learning involves five process standards: mathematical problem solving, reasoning and proof,
communication, connection, and presentation (Lindquist & Gates, 2020). Although
mathematical representation was initially considered part of mathematical communication, its
consistent presence at all educational levels has led researchers to recognize representation as
an important component that deserves explicit emphasis in mathematics instruction (Duval,
2017; Damayanti & Afriansyah, 2018; Goldin, 2020).

Mathematical representation refers to students' interpretation of a problem and serves as a tool
for finding solutions (Sabirin, 2014; Lisarani & Qohar, 2021). It is closely related to
mathematical communication and problem solving because students need visual, graphical,
diagrammatic, symbolic, or other representations to communicate mathematical ideas (Lette &
Manoy, 2019). Appropriate representations can simplify complex problems and support
students in selecting accurate problem-solving strategies (Yanni, 2018). Mathematical
representation includes creating and using representations to organize and communicate ideas,
selecting and translating representations to solve problems, and interpreting mathematical
models and phenomena. It can also help students organize their thinking (Ulfa et al., 2019;
Rahmawati et al., 2025; Biber, 2023; Ziatdinov & Valles Jr, 2022).

A preliminary study conducted on Wednesday, May 22, 2024, at SD Inpres Passuakkang
showed that students' mathematical representation abilities varied. In terms of visual
representation, some students could correctly draw the fifth pattern based on the sequence of
odd numbers, while others were only able to draw incomplete patterns. In symbolic
representation, some students provided numerical answers, such as 7 or 9, without
mathematical formulas, while others did not provide numerical or symbolic answers.
Regarding mathematical thinking, some students successfully recognized and generalized the
odd-number pattern (1, 3, 5, 7, ...) and concluded that the fifth figure contained nine circles.
Other students were unable to connect the previous figures into a sequence and therefore
reached incorrect conclusions.

These findings indicate that students have diverse mathematical representation abilities. While
some can appropriately combine visual, symbolic, and verbal representations, others still
require guidance in recognizing patterns and making generalizations. Therefore, further
research is needed to identify students' difficulties and develop appropriate instructional
strategies to improve mathematical representation skills.

Previous studies have emphasized the importance of mathematical representation, particularly
in geometry. TIMSS 2019 identifies Measurement and Geometry as important content domains
for fourth-grade students, requiring them to visualize and reason about relationships among
geometric figures. Its assessment framework includes two- and three-dimensional shapes and
spatial reasoning, providing a basis for developing representation-based geometry problems.
TIMSS findings also indicate differences in mathematics achievement by gender, with boys
tending to outperform girls, suggesting the presence of a gender gap from the elementary level
(Fattah, 2018).

Pina et al. (2021) found gender differences in mathematics achievement as early as fourth
grade, while Meinck & Brese (2019) showed that these differences were relatively consistent
over time. Leng et al. (2024) used TIMSS process data to examine differences in students'
problem-solving processes, creating opportunities to investigate differences in mathematical
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representations between male and female students. Desai (2021) emphasized the importance of
visual, symbolic, and verbal representations in geometry learning, while Fattah Bony et al.
(2018) highlighted representation as an essential means of communicating mathematical ideas.
Adnan (2019) directly examined gender differences in mathematical representation when
solving geometry problems, but the study was limited and did not use the TIMSS framework.

Thus, although previous studies have examined mathematical representation, relatively few
have comprehensively investigated how fourth-grade students use visual, symbolic, and verbal
representations when solving TIMSS-based geometry problems, particularly from a gender
perspective. Existing studies tend to focus on achievement scores or general problem-solving
strategies rather than the relationship between the representations selected by students and their
success in solving problems. Therefore, this study is important to provide a comprehensive
description of fourth-grade students' mathematical representation patterns and to offer gender-
sensitive instructional recommendations for improving geometry literacy in elementary
schools.

Method
Research Design

This study employs a descriptive qualitative research design aimed at deeply describing and
understanding phenomena. It focuses on how fourth-grade elementary school students
represent mathematical concepts when solving geometry problems, particularly in relation to
gender differences. A qualitative approach is used to explore students' thinking, strategies, and
mathematical representation patterns, while the descriptive approach provides an in-depth
description without manipulating or intervening in the variables.

Research Location, Time, and Subjects

The study is planned to be conducted at SD Inpres Passuakkang, Gowa Regency. The school
was selected because it had previously been used for adapted test activities and actively
involves the surrounding community through various programs. In addition, students
demonstrate diverse characteristics and learning behaviors. Its strategic location also facilitates
access for the researcher. The research is planned for the odd semester of the 2026/2027
academic year.

In qualitative research, research subjects are commonly referred to as informants. According
to Barroga et al. (2023), qualitative research uses qualitative data in the form of statements or
sentences rather than numerical data. Informants provide in-depth information related to the
research context, including relevant situations and conditions. Their involvement enables
researchers to obtain extensive information within a limited period and compare findings
among subjects.

Based on this definition, the subjects of this study are fourth-grade students at SD Inpres
Passuakkang, consisting of male and female students.

Research Instruments

Research instruments are tools used to collect data (Sugiyono, 2020). The instruments used in
this study are:

Test

The researcher develops geometry problems based on the TIMSS framework to assess students'
mathematical representation abilities.
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Interview Guide

An interview sheet is used to record information obtained during the interview process.
Data Collection Techniques

Data are collected using the following techniques:

Test

The test provides information about students' mathematical representation abilities in solving
geometry problems and allows comparison of the performance of male and female students.

Task-Based Interview

Task-based interviews are conducted to explore students' perceptions of mathematical tasks,
factors influencing their performance, and gender differences in their mathematical approaches
and experiences.

Result and Discussion
Visual Representation of Male Students

The visual representation of male students is demonstrated through their ability to transform
verbal information regarding the dimensions of a rectangular prism into a three-dimensional
geometric figure. Both male students were able to understand the relationship between length,
width, and height and then place these dimensions in the appropriate parts of the figure.

The drawings made by the male students show that they understand a rectangular prism as a
three-dimensional solid. They were able to distinguish the parts representing length, width, and
height. The students also used dashed lines to represent the edges of the rectangular prism that
were not directly visible. The use of these lines indicates spatial understanding of the front,
back, side, and depth of the solid.

The visual representations used by the male students functioned to clarify the shape of the
object and the position of each dimension. They did not draw randomly but connected
numerical measurements with the directions of the dimensions of the rectangular prism. Thus,
the drawings served as a means of organizing information and supporting the problem-solving
process.

These findings are consistent with Goldin (2020), who argues that external representations,
such as drawings, can reflect the structure of students' internal understanding. The students'
accuracy in placing the dimensions indicates that they had developed a mental representation
of the shape and elements of the rectangular prism.

The interview findings provided further evidence of the male student's visual representation
ability. When asked how he determined the dimensions of the rectangular prism, the student
explained:

P: "How did you determine the length and width?"

SL: "I know that the length of the rectangular prism is 8 cm. The width is half of the
length, so it is 4 cm. The height is one-quarter of the length, so it is 2 cm."

This response indicates that the student could translate verbal information into numerical
dimensions. His explanation also confirmed that the dimensions were determined through
mathematical reasoning rather than estimation. Furthermore, when asked about the use of
dashed lines, he stated:

472
Copyright © 2026, Educia Journal, Under the license CC BY-SA 4.0
DOI: https.//doi.org/10.71435/742293



https://doi.org/10.71435/742293

P: "Why did you draw dashed lines on the rectangular prism?"

SL: "Those are the edges at the back of the prism that cannot be seen directly. I used
dashed lines to make the shape of the prism look complete.”

The response demonstrates that the student understood the function of dashed lines in
representing invisible edges. However, when asked why he did not draw the front and side
views separately, he explained:

P: "Why did you draw only one rectangular prism even though the question asked for
front and side views?"

SL: "I drew the prism directly. I thought that the front and side views were already
visible in that drawing."”

This explanation reveals that the student interpreted the front and side views as parts of a three-
dimensional drawing rather than as separate two-dimensional representations. Nevertheless,
during further questioning, he was able to identify the dimensions of both views. He explained
that the front view was a rectangle measuring 8 cm in length and 2 cm in height, while the side
view measured 4 cm in width and 2 cm in height.

However, the male students tended to present the rectangular prism as a single three-
dimensional object and had not separated the front and side views into two-dimensional
drawings. They understood the front and side views as parts already visible in the three-
dimensional drawing. This indicates that the students found it easier to perceive the object as a
whole than to transform it into several drawings based on different viewing directions.

Based on Duval's (2006) theory, this condition indicates that the students were able to create
visual representations but had not yet fully mastered the conversion from three-dimensional
representations to two-dimensional representations. A solid figure and its planar views are
different representations of the same mathematical object. Students need to determine which
parts are visible and invisible from each viewing direction.

The confirmation results showed that the students actually understood the dimensions used in
the front and side views. Therefore, the shortcomings in their answer sheets were more related
to incomplete presentation and interpretation of the instructions rather than an inability to
understand the dimensions of the rectangular prism.

Within the TIMSS framework, this ability falls under the applying domain because the students
were able to select information, determine dimensions, and use drawings to represent geometric
objects. However, the application of visual representation did not yet fully meet the
requirements of the questions.

Visual Representation of Female Students

The visual representation of the female student is demonstrated through her ability to present
geometric information in several forms of drawings. The student was able to determine the
dimensions of the rectangular prism, create a three-dimensional drawing, and present the front
and side views separately. In the front view, the student used the length and height dimensions.
In the side view, she used the width and height dimensions. The selection of these dimensions
indicates that the student understood the observer's position and was able to determine which
parts of the object were visible from a particular direction.

This ability indicates that the female student not only understood the rectangular prism as a
whole but was also able to perform spatial visualization. She could imagine changes in the
appearance of the object when the viewing direction changed. This is an important ability in
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geometry because students need to connect three-dimensional objects with their two-
dimensional views.

The interview findings further confirmed the female student's ability to transform geometric
information into multiple visual representations. When asked about the first step in drawing
the rectangular prism, she explained:

P: "What was the first thing you did to draw the rectangular prism?"

SP: "I determined the dimensions of the prism first. Its length is 8 cm, its width is half
of 8, which is 4 cm, and its height is one-quarter of 8, which is 2 cm."”

This response indicates that the student organized the numerical information before
constructing the drawing. When asked why she presented the front view as a rectangle
measuring 8 X 2 cm, she stated:

P: "Why did you draw a rectangle measuring 8 < 2 cm?"

SP: "Because the question asked for the front view. When viewed from the front, the
visible dimensions are the length and height. Therefore, [ drew a rectangle with a length
of 8 cm and a height of 2 cm.”

The student also demonstrated an understanding of the relationship between viewing direction
and visible dimensions. She explained:

P: "Why is the width of the rectangular prism not visible in the front view?"

SP: "Because the width extends backward. When the prism is viewed from the front, its
width cannot be seen."

Regarding the side view, she stated:
P: "How does the rectangular prism appear when viewed from the side?"

SP: "When viewed from the side, the visible dimensions are the width and height.
Therefore, the measurements are 4 cm and 2 cm."”

Furthermore, the student explained the communicative function of the labels used in her
drawings:

P: "What is the purpose of the arrows and dimensional labels in your drawing?"

SP: "So that people looking at the drawing know which side represents the length,
width, and height.”

The representations were also complemented by dimensional labels and indications of viewing
direction. The use of labels shows that the student used drawings to communicate information
clearly. The drawings not only helped her solve the problems but also helped readers
understand the relationship between the shape and its dimensions.

According to Tarigan (2022), representations are used to organize, record, and communicate
mathematical ideas. The female student's visual representation fulfilled all three functions. The
information in the problem was organized into dimensions, recorded in drawings, and
communicated through labels and different views.

The student's ability is also supported by Duval's (2006) theory of conversion between
representations. She was able to transform verbal information into dimensions, dimensions into
a three-dimensional drawing, and a three-dimensional drawing into two-dimensional views.
These transformations were carried out without changing the meaning of the mathematical
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object being represented. Within the TIMSS framework, this ability is related to the applying
and reasoning domains. The applying domain is evident when the student applies dimensional
information to the drawing. The reasoning element is evident when she determines the relevant
dimensions for each viewing direction and distinguishes between visible and invisible parts.

Symbolic Representation of Male Students

The symbolic representation of male students is demonstrated through the use of numbers,
fractions, variables, formulas, arithmetic operations, and units. Both students were able to
transform verbal information in the problems into mathematical models and use these models
to obtain correct solutions.

In the first problem, the male students were able to transform the terms "one-half" and "one-
quarter" into the appropriate measurement values. The students presented their work using
fractional symbols and directly stated the results. Although their methods of presentation
differed, the confirmation results showed that the students understood the relationships
between the fractions used.

In the problem involving the volume of a rectangular prism, the students were able to transform
the relationship between length and width in relation to height into mathematical operations.
They could determine the value of each dimension, select the appropriate volume formula,
substitute the values into the formula, and perform the calculations correctly.

The interview findings provided further insight into the male student's symbolic representation
ability, particularly in translating verbal information into mathematical models and applying
formulas. When asked why he used the formula for the volume of a rectangular prism, he
explained:

P: "Why did you write V=1%xw x h?"
SL: "Because the question asks for the volume of a rectangular prism. The volume
formula is length multiplied by width multiplied by height."

When asked to explain the calculation process, the student stated:

P: "How did you calculate the volume of the rectangular prism?"

SL: "The length is 12, the width is 8, and the height is 4. Then I multiplied them to
obtain the volume."

His response confirms that he understood the relationship between the given dimensions and
the formula used to calculate volume. The student's conceptual understanding was also evident
when he explained the surface area of a cube:

P: "Why did you choose Adi's or Budi's statement as the correct answer? Explain your
reasoning."

SL: "Because the box is shaped like a cube. A cube has six equal sides. The area of one
side is the edge multiplied by itself. Therefore, six times the area of one side equals 600
square centimeters."

This ability indicates that the students were able to convert verbal representations into symbolic
representations. Statements expressed in everyday language were transformed into more
concise mathematical models that could be manipulated and operated upon.

According to Duval (2006), mathematical understanding is demonstrated through the ability to
perform conversions between representations and process information within a particular
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register. Conversion occurs when students transform verbal information into symbols, whereas
processing occurs when students perform substitution and operations in symbolic form.

In the problem involving the surface area of a cube, the students used a model appropriate to
the properties of a cube. They understood that the total surface area is related to the area of one
face and the number of faces of the cube. This indicates that the symbols used were not entirely
mechanical but were supported by conceptual understanding.

These findings are consistent with Hiebert and Lefevre (1986), who distinguish between
procedural and conceptual knowledge. Procedural knowledge is evident when students use
formulas and perform calculations. Conceptual knowledge is evident when students understand
the relationships among edge length, face area, the number of faces, and surface area.

Within the TIMSS framework, the symbolic representation of male students involves the
knowing, applying, and reasoning domains. Knowing is reflected in their knowledge of
formulas and the properties of geometric solids. Applying is demonstrated through the use of
formulas in problem situations. Reasoning is evident when symbolic results are used to
evaluate the correctness of a statement.

The students were still inconsistent in writing units. However, the confirmation results showed
that they understood the differences between units of length, area, and volume. Therefore, this
shortcoming represents an issue of writing accuracy rather than a conceptual error.

Symbolic Representation of Female Students

The symbolic representation of the female student is demonstrated through her ability to
organize mathematical information systematically. She was able to identify the given
information, determine relationships among dimensions, use variables, select appropriate
formulas, perform calculations step by step, and use units accurately.

The student understood that the symbols for length, width, and height represent different
quantities. Relationships among dimensions in the problems were translated into mathematical
models before being used in calculations. This indicates that the symbols were understood
based on their meanings rather than used merely as memorized forms.

In solving the volume of a rectangular prism, the student performed the calculations
systematically. The multiplication of length and width was understood as the area of the base,
while multiplying the base area by the height was understood as the volume. These steps
demonstrate the relationship between the concepts of area and volume.

According to Hiebert and Lefevre (1986), meaningful mathematical knowledge develops when
conceptual and procedural knowledge are interconnected. The student's symbolic
representation demonstrates this relationship. She was able to perform the procedures while
also understanding the reasoning behind each step.

The ability to use units also indicates conceptual understanding. The student was able to
distinguish between results representing area and those representing volume. Changes in units
were understood as a consequence of the number of dimensions being multiplied.

In the surface area of a cube problem, the student first determined the area of one face and then
related it to the total number of faces of the cube. This strategy indicates that she understood
the basis for constructing the formula rather than merely memorizing its final form.

The interview findings confirmed the female student's ability to construct mathematical models
and explain the meaning of the symbols and operations used. When asked why she applied the
volume formula for a rectangular prism, she explained:
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P: "Why did you use the formula V=1xw x h?"

SP: "Because the problem asks for the volume of a rectangular prism. The volume is
calculated by multiplying the length, width, and height."

The student also described her calculation procedure:
P: "How did you calculate the volume using that formula?"

SP: "I multiplied the length and width first to make it easier. Twelve multiplied by eight
equals 96. Then I multiplied 96 by the height of 4, and the result was 384."

This explanation demonstrates that the student understood the sequence of mathematical
operations and the relationship between the base area and the volume of the rectangular prism.
Her understanding of units was further illustrated by the following response:

P: "Why do the calculations use square centimeters and cubic centimeters?"

SP: "Because when the length is multiplied by the width, the result is the area of the
base, so the unit is square centimeters. When the base area is multiplied by the height,
the result is volume, so the unit is cubic centimeters."

The student's explanation indicates that she understood the conceptual basis of the units used
in the calculation. Furthermore, when explaining the surface area of a cube, she stated:

P: "Why did you multiply 100 by 62"

SP: "Because a cube has six equal sides. The area of one side is calculated first, then
multiplied by six."

These responses show that the student could connect mathematical symbols, operations,
formulas, and geometric concepts. Her symbolic representation was therefore characterized by
systematic procedures supported by conceptual reasoning rather than the mechanical
application of formulas alone.

According to Duval's (2006) theory of representation, the student demonstrated the ability to
perform processing within the symbolic register and convert verbal language into mathematical
symbols. The symbolic results could also be related back to the problem context to determine
the correct statement. Within the TIMSS framework, the knowing domain is reflected in the
student's knowledge of the properties of rectangular prisms and cubes. The applying domain is
demonstrated through the use of mathematical models to solve problems, while the reasoning
domain is reflected in her ability to connect models, calculations, and conclusions.

Verbal Representation of Male Students

The verbal representation of male students is demonstrated through their ability to interpret
calculation results and formulate conclusions. Both students were able to state the volume
obtained and determine the correct statement based on surface area calculations.

This ability indicates that the students could transform symbolic results into verbal statements.
The calculation results were not treated merely as numbers but were interpreted according to
the context of the problem. In the gift-wrapping problem, the students used the surface area
result to determine the appropriate statement.

The task-based interview provided additional evidence of the male student's verbal
representation ability. Although his written explanation was relatively brief, the interview
revealed that he could communicate the reasoning behind his mathematical procedures. When
asked why he rewrote the final volume result, he explained:
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P: "Why did you write the volume result again at the end?"

SL: "To make the final answer clear. After calculating, the volume of the rectangular
prism is 384 cubic centimeters."

This response indicates that the student understood the purpose of stating a conclusion to
emphasize the final result. His verbal reasoning was further demonstrated when he explained
the surface area calculation:

P: "Could you explain further how you calculated the amount of wrapping paper
needed?"

SL: "The gift box is shaped like a cube with an edge length of 10 cm. The area of one
side is 10 multiplied by 10, which equals 100 square centimeters. Since there are six
sides, the total area is 600 square centimeters. Therefore, Adi is correct.”

The explanation demonstrates that the student could identify the geometric context, describe
the calculation process, and formulate a conclusion based on mathematical evidence. When
asked why he did not immediately select one of the statements without calculating, he
responded:

P: "Why didn't you choose one of the answers directly without calculating?"

SL: "Because it has to be proven. If I do not calculate it, I do not know whether Adi or
Budi is correct.”

This response reveals that the student recognized the importance of mathematical verification
before making a decision. Therefore, the interview findings show that his oral verbal
representation was more comprehensive than his written explanation, particularly in describing
the reasoning and justification underlying his solutions.

According to Polya (2023), problem solving does not end when the calculation is completed.
Students need to review the results, assess their reasonableness, and ensure that they answer
the question. The male students' ability to determine the correct statement indicates a process
of interpreting and checking their results.

However, the students' written verbal representations tended to be brief. They relied more
heavily on formulas and mathematical operations as explanations. The reasons for using
particular formulas, relationships among quantities, and detailed explanations of the steps were
not fully written.

Based on confirmation of their problem-solving processes, the students were actually able to
explain their reasoning and steps more comprehensively. This indicates that their internal and
oral verbal representations were more developed than their written verbal representations.

According to Goldin (2020), internal representations do not always appear completely in
external forms. Students may have correct understanding but may not yet be able or accustomed
to expressing it in writing. Therefore, analysis of students' answer sheets needs to be
complemented by an examination of their reasoning.

The difference between oral and written explanations also indicates the need to strengthen
mathematical communication. Tarigan (2022) emphasizes that students need to communicate
their thinking coherently and clearly. Answers containing only symbols do not fully reveal
students' reasoning and thought structures. Within the TIMSS framework, the verbal
representation of male students is associated with the reasoning domain. They were able to
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interpret results, compare them with statements, and formulate conclusions. However, their
written arguments were not presented comprehensively.

Verbal Representation of Female Students

The verbal representation of the female student is demonstrated through her ability to explain
the solution steps systematically, interpret results, provide conceptual reasoning, and formulate
conclusions.

The student did not merely write the final answer but explained the sequence of the solution
process. Each calculation step was connected to its mathematical meaning, making the solution
easier for readers to follow and understand.

In the rectangular prism volume problem, the student explained the relationship between
multiplying the dimensions of the base and multiplying the result by the height. In the surface
area problem, she explained the relationship between the shape of the cube, the number of
faces, the area of one face, and the total surface area.

This ability indicates that the student could connect verbal and symbolic representations.
Symbols were used as evidence of calculations, while language was used to explain the
reasoning and meaning behind those symbols.

The interview findings further supported the female student's verbal representation ability,
particularly in explaining mathematical procedures and providing conceptual justifications.
When asked why she presented the final volume result in written words, she explained:

P: "Why did you write the answer in words?"

SP: "To make the final answer clearer, showing that the result is three hundred and
eighty-four cubic centimeters."

This response indicates that the student used verbal explanations to reinforce the meaning of
her mathematical results. Her ability to explain mathematical procedures was also evident when
she described the calculation of the surface area of a cube:

P: "Could you explain further which statement is correct?"

SP: "The gift box is shaped like a cube with an edge length of 10 cm. Each side is a
square. The area of one side is 10 multiplied by 10, which equals 100 square
centimeters. A cube has six equal sides, so the total surface area is 6 multiplied by 100,
which equals 600 square centimeters. Therefore, Adi's statement is correct.”

The explanation demonstrates that the student could organize mathematical information into a
coherent sequence, connect geometric properties with calculation procedures, and formulate a
conclusion supported by mathematical evidence. Her understanding of the relationship
between geometric properties and mathematical operations was further confirmed when she
explained:

P: "Why did you multiply 100 by 62"

SP: "Because a cube has six equal sides. The area of one side is calculated first and
then multiplied by six."

These responses indicate that the student could articulate the conceptual basis of her
calculations rather than merely report numerical results. The interview data therefore
complement the written test findings by demonstrating the relationship between her verbal
explanations, symbolic procedures, and understanding of geometric concepts.
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According to Tarigan (2022), mathematical communication helps students organize and clarify
their thinking. When students explain their steps in words, they simultaneously reconstruct the
relationships among the concepts they use. Thus, verbal representation is not merely a means
of communication but also part of the process of developing understanding.

According to Duval's (2006) theory, the student's ability demonstrates conversion from the
symbolic register to natural language. Mathematical operations were translated into
explanations concerning the properties of geometric solids, calculation processes, and the
meaning of the results.

The student's verbal representation also demonstrates her ability to provide arguments. Her
conclusion regarding the correct statement was supported by logical relationships among the
information provided, the properties of the cube, the calculation process, and the results.
Therefore, her answer was not merely declarative but also included justification. Within the
TIMSS framework, this ability belongs to the reasoning domain. The student was able to
analyze information, connect several concepts, provide justification, and formulate conclusions
based on mathematical evidence.

Based on the three forms of representation, both male and female students were able to
correctly solve TIMSS-based geometry problems. The differences identified were primarily
related to the completeness and manner of communicating their solutions.

Male students tended to use three-dimensional drawings and symbolic expressions as their
primary forms of representation. They were able to understand the concepts and obtain accurate
results; however, their presentation of two-dimensional views and written explanations was
incomplete. Their understanding became more apparent after confirmation of their problem-
solving processes.

Female students demonstrated a more complete interconnectedness among visual, symbolic,
and verbal representations. They were able to present multiple forms of drawings, use
mathematical models systematically, and explain the steps and reasoning in a coherent manner.

Table 1. Representation

Representation Male Students Female Students
Accurate in drawing a three- . .
) . . Complete in presenting the
. dimensional rectangular prism, but the . . .
Visual . . three-dimensional drawing,
front and side views were not . ) .
front view, and side view.
presented separately.
Models and calculations were correct, | Systematic and consistent,
Symbolic but the completeness of steps and use supported by conceptual
of units still need improvement. understanding.
. . Explanations were coherent,
Conclusions were correct, but written
Verbal . . . contextual, and supported by
explanations were relatively brief. .
reasoning.

The comparison indicates that both male and female students demonstrated adequate
mathematical representation abilities across visual, symbolic, and verbal representations, but
they differed in the completeness and integration of these representations. The male student
was accurate in drawing a three-dimensional rectangular prism and produced correct symbolic
models and calculations; however, the front and side views were not presented separately, the
calculation steps and use of units needed further improvement, and his written conclusions,
although correct, were relatively brief. In contrast, the female student provided a more
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complete visual representation by presenting the three-dimensional drawing together with the
front and side views, while her symbolic work was systematic and consistent and reflected
stronger conceptual understanding. Her verbal explanations were also more coherent,
contextual, and supported by reasoning. These findings suggest that the primary difference
between the two students lies not in the correctness of their mathematical understanding, but
in the completeness, organization, and integration of multiple representations when
communicating that understanding.

Gender and Mathematical Representation

These findings should not be interpreted as evidence that female students are generally superior
to male students. Hyde (2005), through the gender similarities hypothesis, explains that males
and females are more similar than different across various psychological abilities. Similarly,
Hyde et al. (2008) and Else-Quest et al. (2010) found that gender differences in mathematics
performance are generally small and influenced by educational, social, cultural, experiential,
and task-related factors.

Because this study involved only one male and one female student, the findings should be
understood as tendencies in how the two subjects represented mathematical ideas rather than
as general gender differences. Both students demonstrated good mathematical representation
abilities, including transforming information into drawings, symbolic models, and conclusions.
However, they differed in how comprehensively they connected these representations. The
female student more consistently connected visual, symbolic, and verbal representations,
whereas the male student relied more heavily on three-dimensional drawings and symbolic
expressions. Confirmation results further showed that although the male student's written
answer did not include complete front and side views of the rectangular prism, he actually
understood the relevant dimensions. Thus, the difference was more related to incomplete
externalization of understanding than to a lack of spatial ability.

These findings are consistent with Danlami et al. (2025), who found that active learning
strategies improved geometry performance without significant gender differences in
improvement. Arroyo-Barrigiiete et al. (2023) similarly showed that gender gaps in
mathematics may vary according to educational level and assessment methods and may
disappear after learning experiences. Lennon-Maslin et al. (2024) further demonstrated that
mathematics self-concept and spatial anxiety are related to perceptions of difficulty and
performance, while gender itself was not a significant predictor after relevant factors were
considered. These studies indicate that mathematical and visual-spatial abilities should not be
viewed as fixed consequences of gender.

The role of learning experiences is also supported by Medina Herrera et al. (2024), who found
that spatial visualization abilities can improve through practice and visualization tools.
Drawing, manipulating objects, observing shapes from different perspectives, and connecting
three-dimensional objects with two-dimensional views can therefore strengthen students'
spatial abilities. Rolfes et al. (2022) found that multiple representations can support
understanding and knowledge transfer, although they may also increase cognitive demands
because students must process and connect several forms of information simultaneously. This
may explain why the male student correctly used three-dimensional drawings and symbols but
did not fully connect them with two-dimensional views and written explanations.

Post and Prediger (2024) emphasized that multiple representations strengthen conceptual
understanding when their relationships are explicitly explained. Similarly, Dreher et al. (2024)
argued that the quality of representation use depends not only on the number of representations
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but also on their appropriateness and the clarity of their connections. These findings suggest
that differences between the two subjects may also reflect learning habits, instructional
practices, previous experiences, and classroom communication. Teachers should therefore
encourage students not only to draw or calculate but also to explicitly explain the relationships
among drawings, symbols, and problem contexts.

The importance of flexibility across representations is also supported by Thurm and Barzel
(2022), who emphasized that moving between graphical, numerical, and algebraic
representations is essential for mathematical conceptual understanding. In the present study,
both students successfully transformed verbal information into symbolic models and obtained
correct answers, but the female student demonstrated greater consistency in connecting
symbols, drawings, and explanations. This indicates the need for instruction that deliberately
develops students' ability to move between verbal, visual, and symbolic representations.

Ruiz-Loza et al. (2022) further found that three-dimensional visualization-based learning
environments can improve visualization, modeling, reasoning, problem solving, symbol use,
and mathematical communication. Therefore, mathematical representation ability should not
be assessed solely from the correctness of the final answer but also from students' ability to
represent objects, use symbols, construct models, communicate, and provide reasoning. Tytler
et al. (2023) likewise emphasized that constructing, interpreting, revising, and connecting
representations can promote deeper understanding. In the present study, this means that
students should be encouraged to translate rectangular-prism drawings into front and side
views, symbolic models, and verbal explanations.

The previous studies support three main conclusions. First, differences in mathematical
representation cannot be attributed solely to gender; learning strategies, self-concept, spatial
anxiety, learning experiences, cultural context, and task characteristics also contribute. Second,
a correct answer does not fully demonstrate mathematical representation ability, which also
involves selecting, using, explaining, and connecting representations. Third, representation
ability can be developed through explicit instruction, visualization practice, discussion,
multiple representations, and opportunities to communicate mathematical thinking.

Thus, this study does not demonstrate the absolute superiority of female students over male
students. Instead, among the two subjects examined, the female student demonstrated more
comprehensive connections among visual, symbolic, and verbal representations, while the
male student relied more on three-dimensional drawings and symbols. These differences are
more appropriately understood as individual tendencies in strategies for externalizing
mathematical understanding. Since the study involved only one male and one female student,
the findings cannot be generalized by gender and should instead be viewed as an in-depth
description of the representational characteristics of the two subjects. Future research should
involve larger and more balanced samples while considering mathematics achievement,
learning experiences, self-concept, spatial anxiety, and social and cultural backgrounds.

Conclusion

Based on the findings of the study on the mathematical representation abilities of fourth-grade
elementary school students in solving TIMSS-based geometry problems from a gender
perspective, the following conclusions can be drawn: 1) The visual representation of male
students was demonstrated through their ability to transform information from the problems
into three-dimensional rectangular prism drawings and accurately indicate the length, width,
and height. However, the students did not present the front and side views separately, although
they conceptually understood both views; 2) The visual representation of female students was
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demonstrated through their ability to draw a three-dimensional rectangular prism, front view,
and side view completely. The female student was able to select the appropriate dimensions
according to the viewing direction and label the drawings accurately; 3) The symbolic
representation of male students was demonstrated through their ability to transform verbal
information into mathematical models, use fractions, variables, formulas, and arithmetic
operations, and obtain correct results. Nevertheless, the completeness of the solution steps and
accuracy in writing units still need improvement; 4) The symbolic representation of female
students was demonstrated through their ability to systematically construct mathematical
models, use variables and operations appropriately, and connect calculation procedures with
the underlying concepts and units; 5) The verbal representation of male students was
demonstrated through their ability to interpret results and provide correct conclusions.
However, their written explanations tended to be brief and relied more heavily on symbols,
although the students were able to explain the process more comprehensively when asked for
clarification; 6) The verbal representation of female students was demonstrated through their
ability to explain the solution steps systematically, interpret results according to the context,
provide conceptual reasoning, and formulate conclusions clearly.

Suggestions

For teachers, geometry instruction should provide activities that connect concrete objects,
three-dimensional drawings, two-dimensional views, mathematical symbols, and written
explanations. Teachers should also encourage students to explain the reasoning behind each
step of the solution. For students, the ability to write complete solution processes should be
improved, particularly in presenting drawings according to the instructions, using units
accurately, and providing explanations and reasoning in words. For schools, appropriate
geometry learning media should be provided, such as solid geometric models, nets,
visualization applications, and teaching aids, to support students' spatial-visual and
mathematical representation abilities. For future researchers, studies should involve a larger
and more balanced number of subjects based on gender and consider factors such as
mathematics achievement, learning experiences, self-concept, and spatial ability to obtain a
more comprehensive understanding.
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