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students were classified into three groups: high, moderate, and low self-efficacy.

Six students were then purposively selected for further in-depth analysis using a

mathematical representation ability test and semi-structured interviews. Data

were analyzed through the processes of data condensation, data display, and  Key Words:
conclusion drawing, with source triangulation applied to ensure the credibility =~ Functions, Mathematical
of the findings. The results showed that students with high self-efficacy = Representation; Self-
demonstrated a very high level of mathematical representation ability (87.5%)  efficacy; Relations.
and consistently employed visual, symbolic, and verbal representations.

Students with moderate self-efficacy achieved a moderate level of mathematical

representation ability (58.33%), indicating sufficient conceptual understanding

but inconsistencies in procedural application. Meanwhile, students with low

self-efficacy exhibited a low level of mathematical representation ability

(20.83%), characterized by limited confidence and difficulties in expressing

mathematical ideas effectively. These findings suggest that teachers should

design learning experiences that simultaneously enhance students’ self-efficacy

and encourage the use of various mathematical representations, including visual,

symbolic, and verbal forms. Furthermore, curriculum developers should develop

instructional activities and assessment frameworks that integrate multiple

representation modes while fostering students’ confidence in communicating

mathematical ideas. Such efforts may contribute to deeper mathematical

understanding and improved problem-solving skills.
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Introduction

Education plays a strategic role in developing human resources equipped with critical,
logical, and systematic thinking skills. Within mathematics education, the strengthening of
numeracy literacy has become a central orientation of the Merdeka Curriculum in response to
the demand of 21st-century learning, which emphasizes students’ capacity to understand,
interpret, and solve problems meaningfully across diverse real-life contexts (Nuryami, 2024).
Numeracy literacy is therefore no longer conceptualized merely as procedural competence
but encompasses the ability to construct, represent, and communicate mathematical ideas
coherently and reflectively (Kusuma et al.,, 2022). In this context, mathematical
representation ability constitutes a fundamental cognitive underpinning of numeracy literacy.
Mathematical representation enables students to express, connect, and transform
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mathematical ideas into multiple forms, including symbols, tables, diagrams, graphs, and
other visual representations, thereby rendering abstract concepts more accessible and
contextually meaningful (Ahmad et al., 2023; Sterner et al., 2020). Beyond serving as visual
support, representations function as a cognitive tool that facilitates students’ construction,
exploration, and validation of conceptual understanding at a deeper level (Azmidar et al.,
2021).

Moreover, mathematical representation ability plays a pivotal role in the
communication of mathematical ideas. Students who possess strong representational skills
are generally able to articulate their reasoning processes systematically, present solutions
logically, and interpret as well as evaluate representations produced by others (Priatna et al.,
2022). Consequently, mathematical representation contributes directly to the development of
mathematical reasoning and communication, both of which are integral components of
numeracy literacy. The importance of mathematical representation has become increasingly
pronounced in the context of 21st-century learning, particularly in conjunction with the
integration of digital technology and the adoption of problem-based learning approaches.
Learning environments that promote the use of diverse media, technological tools, and
authentic contexts encourage students to develop representational flexibility. Through such
environments, students are not limited to symbolic procedures but are supported in
meaningfully linking mathematical concepts to real-world situations (Pedersen et al., 2021).
Accordingly, fostering mathematical representation ability should be a central consideration
in the design of mathematics instruction aimed at strengthening numeracy literacy.

Despite its acknowledged importance, empirical evidence suggests that students’
mathematical representation ability, especially at the junior high school level, remains
underdeveloped (Maryanti et al., 2025). Students frequently encounter difficulties in
translating verbal information into appropriate visual or symbolic representations and in
accurately interpreting relationships among different forms of representation (Nurrahmawati
et al., 2021). Within the topic of relations and functions, such limitations often result in
fundamental conceptual errors, including difficulties in distinguishing between relations and
functions and inaccuracies in identifying domains and codomains (Agustin & Ruli, 2023;
Merliza, 2020). These findings underscore that mathematical representation continues to be a
critical challenge in junior high school mathematics learning. Importantly, challenges related
to mathematical representation cannot be adequately explained from a purely cognitive
perspective. Recent studies have demonstrated that affective factors, particularly self-
efficacy, play a significant role in students’ success in learning mathematics. Self-efficacy
influences students’ confidence in selecting problem-solving strategies, employing various
forms of mathematical representation, and sustaining effort when faced with difficulties.
Students with high self-efficacy tend to demonstrate greater confidence, adaptability, and
persistence in exploring mathematical representations, whereas those with low self-efficacy
are more likely to experience doubt and disengage from problem-solving activities (Nurani et
al., 2021). Nevertheless, although self-efficacy has been widely examined in relation to
mathematics achievement, motivation, and problem-solving performance, its relationship
with students’ mathematical representation ability in specific mathematical domains remains
insufficiently explored. This issue is particularly relevant in the topic of relations and
functions, where understanding depends heavily on students’ ability to construct, interpret,
and translate among visual, symbolic, and verbal representations. Examining mathematical
representation ability through the lens of self-efficacy can therefore reveal how students’
beliefs about their capabilities influence representational thinking and conceptual
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development, providing a perspective that is not adequately captured in broader self-efficacy
research.

Based on these considerations, the scientific contribution of this study lies in its
contextual examination of students’ mathematical representation ability in relation to varying
levels of self-efficacy within the topic of relations and functions. Unlike prior studies that
tend to examine cognitive and affective dimensions in isolation, this study seeks to elucidate
the characteristics of mathematical representations exhibited by students across different self-
efficacy categories. In doing so, the study aims to provide a more comprehensive
understanding of the interplay between cognitive and affective factors in mathematics
learning.

The findings of this study are expected not only to enrich the theoretical discourse on
mathematical representation and self-efficacy but also to yield pedagogical insights for the
development of more adaptive and responsive instructional strategies that align with students’
characteristics. Accordingly, this study aims to analyze and describe junior high school
students’ mathematical representation ability in relation to their levels of self-efficacy in the
topic of relations and functions.

Research Method

This study employs a descriptive method with a qualitative approach aimed at
providing an in-depth description of students’ mathematical representation abilities in relation
to their levels of self-efficacy. The qualitative approach is chosen as it enables a
comprehensive understanding of the characteristics, variations, and patterns of students’
mathematical representations in a natural context, without the implementation of instructional
interventions or hypothesis testing (Lapan et al., 2011; Sidiq & Choiri, 2019).

Data were collected using three main instruments: (1) a self-efficacy questionnaire to
identify students’ confidence levels in learning mathematics, (2) a mathematical
representation ability test consisting of three open-ended questions developed based on
indicators of mathematical representation ability, and (3) a semi-structured interview guide
used to explore students’ thinking processes and representation strategies across different
self-efficacy categories (Arikunto, 2021). The self-efficacy questionnaire and the
mathematical representation test were first reviewed by experts in mathematics education and
educational assessment to establish content validity. Following expert validation, the
instruments were revised and pilot-tested to ensure clarity and suitability for junior high
school students. In this qualitative study, the researcher served as the primary instrument and
was directly involved in the processes of data collection, analysis, and interpretation.

Data analysis was conducted qualitatively through three stages: data reduction, data
display, and conclusion drawing (Miles et al., 2013). Data reduction was carried out by
classifying and selecting data obtained from the self-efficacy questionnaire, the mathematical
representation ability test, and the interviews in accordance with the research focus. The
reduced data were then presented in the form of tables and descriptive narratives to identify
patterns and characteristics of students’ mathematical representation abilities within each
self-efficacy category. The final stage involved drawing conclusions based on the
relationships among the research findings. Data validity was ensured through methodological
triangulation by comparing and cross-checking findings derived from the mathematical
representation ability test and the semi-structured interviews. The consistency of evidence
obtained from these different data collection methods was used to verify the accuracy of
interpretations and enhance the credibility and trustworthiness of the research findings.
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Results and Discussion

This study involved 23 eighth-grade students from class VIII B of SMP Negeri 37
Samarinda who had previously studied the topic of relations and functions. Based on the
results of the self-efficacy questionnaire, the students were classified into three categories:
high self-efficacy (5 students), moderate self-efficacy (15 students), and low self-efficacy (3
students). From each category, two students were selected as research subjects for in-depth
analysis through mathematical representation ability tests and interviews. The analysis
focused on three aspects of mathematical representation: visual, symbolic, and verbal, to
obtain a comprehensive description of students’ mathematical representation abilities in terms
of their self-efficacy levels.
1) Analysis of Students’ Mathematical Representation Ability with High Self-Efficacy

In the visual representation task, subject A0O9 was asked to represent the relation from
a set of ordered pairs in the form of a Cartesian coordinate system and an arrow diagram.
Based on the student’s work, the subject was able to draw the horizontal and vertical axes
accurately, place the elements of sets P and Q on the respective axes, and correctly plot the
relational points such as (1,1), (1,4), and (2,2). In the arrow diagram representation, the
subject also presented the two sets separately and connected their elements according to the
given relational palrs (Flgure D).
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Figure 1. Subject A09’s Written Response to the Visual Representation Task
These results indicate that the subject understood the concept of relations and was
able to accurately translate it into two forms of visual representation. Further clarification was
obtained through the following interview.
R : How did you draw the relation on the Cartesian coordinate system?
A09 : First, I drew the coordinate axes, then placed the elements on the P and Q axes, and
identified the corresponding intersection points. For example, when 1 in set P is
paired with 1 in set Q, the resulting point is (1,1).

R : Then, how did you represent it using an arrow diagram?
A09 : I first constructed sets P and Q, and then drew arrows according to the given relational
pairs.

This statement indicates that the subject understood that coordinates and arrow
diagrams are transformations of ordered pairs. Therefore, it can be concluded that subject
A09 was able to construct Cartesian coordinates and arrow diagrams in a complete, accurate,
and systematlc manner.
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Figure 2. Subject A12’s ertten esponse to the Symbolic Representation Task
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In the symbolic representation tas, subject A12 was asked to determine the values of a
and b in the linear function f(x) = ax + b based on the information f(3) =8 and f(-2) =7.
From the answer sheet, it can be observed that the subject was able to formulate two
equations are 3a+ b = 8 and —2a + b = 7, then apply the elimination method to obtain a = %

37

and b = = The result was expressed as a + b = %, which is mathematically correct (Figure

2). Further clarification was obtained through the following interview.
R : Could you describe the steps you used to solve the second question?
A12 : 1 contructed two equations from the function, namely 3a+b =8 and —2a+b =7.

Then, I subtracted the equations to eliminate b, which resulted in a = % Afterward, 1

substituted in 3a + b = 8, to determine = %

R : Therefore?

A2 ta+b==
The subject demonstrated a clear understanding of the process of constructing a

mathematical model from verbal information, applied appropriate solution procedures, and

performed the calculations accurately. Therefore, it can be concluded that subject A12 was
able to formulate the mathematical model correctly and obtain an accurate solution. However,
the problem-solving steps employed were not yet fully systematic.

In the verbal representation task, the subject was asked to determine whether a given
relation constituted a function. Subject A09 identified relation (i) as a function and stated that
relation (ii) was not a function. Although the written explanation was brief, the response
indicates that the subject understood the concept of a function as a relation in which each
element in the domain has exactly one corresponding element in the codomain (Figure 3).
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Figure 3. Subject A09’s Written Response to the Verbal Representation Task

Further clarification was obtained through the following interview.

R : How did you solve question number three?

A09 : The problem required the identification of which relation constitutes a function. The
correct answer is relation (i).

R : What was your reason for selecting relation (i) as a function?

A09 : Relation (i) was selected because each element in the domain has exactly one distinct
corresponding element in the codomain. In contrast, in relation (ii), there is an
element, namely 1, that has two corresponding elements, a and b. Therefore, relation
(i) constitutes a function, whereas relation (ii) does not.

This statement indicates that the subject was able to identify the conditions of a function

verbally and articulate the reasoning accurately. This suggests that subject A09 understood

the concept of a function correctly and was able to explain it clearly and systematically.

2) Analysis of Students’ Mathematical Representation Ability with Medium Self-

Efficacy

In the visual representation task, subject A23 was required to represent a relation
using Cartesian coordinates and an arrow diagram. Based on the student’s work, both forms
of representation were presented in a reasonably clear and organized manner. The points on
the Cartesian plane were plotted in accordance with the given ordered pairs, and the arrows in
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the arrow diagram accurately indicated the relationships from the domain to the codomain
(Figure 4).
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Figure 4. Subject A23’s Written Response to the Visual Representation Task
Further clarification was obtained through the following interview.

R : What procedure did you employ to determine and plot the points on the Cartesian
coordinate system?

A23 : 1 determined the points by referring to the given ordered pairs. For example, for the
pair (1,5), the value 1 was plotted on the horizontal axis and the value 5 on the vertical
axis, after which the point was placed at the corresponding position. The same
procedure was applied to the other ordered pairs.

R : Subsequently, what procedure did you use to construct and represent the relation in
the arrow diagram?

A23 : Two boxes were constructed to represent the respective sets, and the corresponding
elements were placed within each set. Subsequently, arrows were drawn from set P to
set Q in accordance with the ordered pairs provided in the problem.

Based on the interview results, it is evident that the subject did not merely imitate the visual

form but demonstrated an understanding of the purpose of visual representations, namely to

depict the relationships among elements within a relation. Therefore, it can be concluded that
subject A23 is able to construct diagrams or visual representations in a complete, accurate,
and systematic manner.

In the symbolic representation task, subject A16 was asked to determine the values of

a and b in the linear function f(x) = ax + b based on the information f(3) = 8 and f(—2) =

7. The analysis indicates, that the subject was able to correctly formulate the initial equations,

namely a(3) + b = 8 and f(—2) = 7. However, the subject did not proceed to the subsequent

step of solving for a and b using either the elimination or substitution method (Figure 5).
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Figure 5. Subject A16’s Written Response to the Symbolic Representation Task
Further clarification was obtained through the following interview.
R : What procedure or steps did you follow to solve question number two?
Al16 : 1 began by expressing the linear function as f(x) = ax + b. Using the information
f(3) = 8, I formulated the equation a(3) + b = 8, and the same procedure was applied to
the other given information to construct the second equation.
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R : Subsequently, what steps did you take to solve the equations and determine the values
ofaand b ?
A16 :Iencountered difficulties in determining the steps required to solve the equations.
R : What procedure is used to determine the value of the form of the two equations?

A16 : I have previously worked on a similar problem; however, [ am currently unable to
recall the solution procedure.

Based on the interview, subject A16 demonstrated an understanding of the basic form of a

function and was able to construct a mathematical model from the provided information;

however, they had not yet mastered the procedures required to determine the variable values.

Thus, subject A16 is capable of accurately formulating the mathematical model but is unable

to compute the final solution.

In the verbal representation task, subject A16 identified relation (i) as a function and
justified the choice by stating that each element of the domain is paired with exactly one
element in the codomain. Although the language used was not entirely precise, the subject
provided a simple arrow diagram clearly illustrating this mapping, consistent with the formal
definition of a function (Figure 6).
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Figure 6. Subject A16’s Written Response to the Verbal Representation Task
Further clarification was obtained through the following interview.

R : What procedure or steps did you follow to solve question number three?

A16 : Relation (i) qualifies as a function because each element in the domain is mapped to
exactly one element in the codomain. No domain element is paired with more than
one codomain element, thus satisfying the definition of a function.

R : Why is relation (ii) not considered a function?

A16 : Element | in the domain is mapped to two different elements in the codomain, namely
a and b, which violates the criteria of a function.

Based on the interview, subject A16 demonstrated an understanding of the fundamental
principle of a function, namely that each element in the domain must have exactly one
corresponding element in the codomain. The subject was able to identify the violation of this
principle in relation (ii), although they were not fully able to express it in formal written
language. Therefore, it can be concluded that subject A16 is capable of providing
mathematically accurate explanations consistent with the concept, despite minor linguistic
inaccuracies.

3) Analysis of Students’ Mathematical Representation Ability with Low Self-Efficacy
In the visual representation task, subject A05 completed both the Cartesian coordinate

and arrow diagram representations; however, conceptual errors were observed. The domain

was placed on the vertical axis and the codomain on the horizontal axis, resulting in an
inversion of the relational points. Similarly, in the arrow diagram, the arrows were drawn

from the codomain to the domain (Figure 7).
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Figure 7. Subject A05’s Written Response to the Visual Representatlon Task
Further clarification was obtained through the following interview.

R : How did you solve this question?

AO05 : In the Cartesian coordinate representation, I plotted points P and Q and then matched
them with their corresponding pairs. For example, I drew a line from 1 on the vertical
axis to 1 at point P. In the arrow diagram, I first listed the elements of the sets and
then drew arrows according to the corresponding pairs.

R : How did you represent the pair (2,4) in the visual representation?

AO05 : At first, I drew a line from 2 on the right to 4 on the left, but it seems the placement
was reversed.

R : Are you sure?

AO05 : The positions appear to be reversed. The line should have been drawn from 2 on the
left side to 4 on the right side. I forgot the correct order when completing the task.

Based on the interview results, the participant exhibited uncertainty in understanding the

structure of relations in both the Cartesian coordinate system and the arrow diagram.

Although they attempted to arrange the pairs according to the task, errors in the placement of

the domain and codomain indicate conceptual misunderstandings. Thus, it can be concluded

that participant AO05 was able to create the drawings or diagrams, but there were still
inaccuracies in their representation.
In the symbolic representation task, subject 005 was asked to determine the values of a

and b for the linear function f(x) = ax + b based on the information f(3) = 8 and f(-2) = 7.

Based on their work, the subject merely copied the function values from the problem without

constructing a correct mathematical model. The subject wrote a+b=2+7=9-8=1,

which does not conform to the proper procedure for solving a linear function. This indicates
that the participant has not yet understood the use of symbolic function forms in the context
of equations (Figure 8). Further clarification was obtained through the following interview.

R : On your answer sheet, you wrote f(3) = 8. Could you explain what you meant by this
statement?

AO05 :1did not know. The value was provided in the problem, so I simply copied it.
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Figure 8. Subject A05’s Written l{espons;, to the Symjl;olic Representation Task
Based on the interview, subject A05 did not understand the meaning of the symbol
f(x) and was unsure how to construct an equation from the given information. The subject
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did not perform substitution or elimination, indicating a lack of mastery of the algebraic
procedures. Therefore, subject A05 was able to identify a mathematical model, but the
solution was incorrect.

In the verbal representation task, subject A21 was asked to identify which relations
were functions based on two sets of ordered pairs. The participant only provided illustrations
using a Cartesian coordinate system and an arrow diagram, without any written explanation.
No reasoning was given for the pairings, and it was not stated whether the relations were
functions (Figure 9).
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Figure 9. Subject A16’s Written Response to the Verbal Representation Task

Further clarification was obtained through the following interview.

R :In question 3, you were asked to provide an explanation. Why did you not write down
the reason?

A16 :1don’t know the answer.

R : Do you know what constitutes a relation that is not a function, or the difference
between such a relation and a function?

Al16 :Idon’t know.

Based on the interview, subject A21 did not clearly understand the difference between
a function and a relation that is not a function. The participant appeared uncertain about their
answer and only provided illustrations without any written explanation. This indicates that
their verbal representation skills were not demonstrated.

Based on the analysis, students’ mathematical representation abilities were
categorized according to their levels of self-efficacy, namely high, medium, and low. The
analysis considered three aspects of mathematical representation: visual, symbolic, and
verbal. Table 1 presents a summary of the percentages of students demonstrating competence
in each aspect across the different self-efficacy levels. This table allows for a comparative
overview of how self-efficacy correlates with students’ abilities to represent mathematical

concepts.

Table 1. Students’ Mathematical Representation Abilities Based on Self-Efficacy Levels

As Mathematical Representation Aspect High Self- Medium Self- Low Self-
efficacy efficacy efficacy

Visual Representation 100% 87,5% 25%
Symbolic Representation 75% 37,5% 25%
Verbal Representation 87.5% 50% 12.5%
Average (%) 87.5% 58.33% 20.83%
Category Very High Medium Low

Students with high self-efficacy demonstrated consistency across the three aspects of
mathematical representation. In the visual aspect, they were able to accurately transform
information into graphs and diagrams. In the symbolic aspect, they were capable of
constructing mathematical models and selecting appropriate solution strategies, although
minor procedural inaccuracies were observed. In the verbal aspect, they were able to provide
written justifications clearly and confidently, albeit briefly. The overall achievement of
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students with high self-efficacy was classified as very high, with an average score of 87.5%
(Table 1). These findings are consistent with Holenstein et al. (2022) and Rahmawati et al.
(2022), who stated that self-efficacy plays a significant role in promoting perseverance,
accuracy, and the ability to express mathematical ideas. Thus, a strong sense of self-efficacy
appears to support the effective use of various forms of representation in problem-solving.

Students with medium self-efficacy demonstrate varied levels of mathematical
representation ability across different aspects. In visual representation, they are able to
transform information into diagrams or graphs with reasonable accuracy, indicating the
presence of initial conceptual understanding. However, their performance in symbolic and
verbal representations tends to be inconsistent. Although students can recognize general
solution patterns and understand the direction of problem-solving, they often hesitate to
complete procedures fully and present them coherently. This reflects a typical characteristic
of learners with moderate self-efficacy, who possess adequate conceptual understanding but
lack strong confidence in their chosen strategies. Overall, the mathematical representation
ability of students in this group falls within the moderate category, with an average
achievement rate of 58.33% (Table 1). These findings are consistent with previous studies
Pravesti et al. (2024) and Nurani et al. (2021), which report that students with moderate self-
efficacy exhibit conceptual potential but tend to be less persistent in problem-solving,
resulting in uneven performance. Therefore, strengthening students’ confidence and fostering
systematic thinking processes are essential to improve the consistency of their performance.

Students with low self-efficacy exhibit limitations across all aspects of mathematical
representation. In visual representation, some students are able to present relations in the form
of graphs or diagrams; however, they still make fundamental errors in identifying domains
and codomains. Uncertainty in responding and a tendency to doubt their own answers
indicate weak self-confidence in applying mathematical concepts. In symbolic representation,
students tend to merely copy the general form of a function without proceeding to subsequent
steps, reflecting low persistence in completing solution procedures. Verbal representation
emerges as the weakest aspect, as students are unable to articulate written or oral explanations
to justify their representational outcomes. Low self-confidence combined with conceptual
confusion prevents mathematical ideas from being communicated coherently. Overall, the
mathematical representation ability of students with low self-efficacy falls within the low
category, with an average achievement rate of 20.83%. (Table 1) This finding supports
previous studies Nisa & Arliani (2023) and Suciati et al. (2024), which report that low self-
efficacy is associated with limited persistence and low confidence in applying problem-
solving strategies. Although this result differs from the findings of Said et al. (2021), who
reported that students with low self-efficacy could still achieve a moderate level, the
discrepancy may be attributed to differences in the classification criteria of self-efficacy used
across studies.

Conclusion

This study concludes that students’ mathematical representation abilities are closely
associated with their levels of self-efficacy. Students with high self-efficacy tend to
demonstrate more comprehensive and balanced use of visual, symbolic, and verbal
representations, enabling them to express and connect mathematical ideas effectively. In
contrast, students with moderate self-efficacy generally possess adequate conceptual
understanding but may struggle to apply appropriate representation strategies consistently.
Meanwhile, low self-efficacy appears to constrain students’ ability to construct and
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communicate mathematical representations, as uncertainty about their own capabilities often
hinders engagement with mathematical tasks. These findings suggest that self-efficacy
functions not only as an affective factor but also as an important support for students’
representational thinking and mathematical communication. Therefore, mathematics
instruction should incorporate learning experiences that simultaneously foster students’
confidence and develop their ability to use multiple mathematical representations.

Recommendation

The findings of this study suggest that mathematics teachers should provide
supportive learning environments that strengthen students’ self-efficacy while engaging them
in visual, symbolic, and verbal mathematical representations. Future research is
recommended to investigate instructional interventions that simultaneously enhance self-
efficacy and mathematical representation ability across different mathematical topics and
educational levels. Limitations related to students’ prior knowledge, learning experiences,
and self-efficacy classification should also be considered to improve the robustness and
generalizability of future findings.
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