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Visual representation is crucial for enhancing students' conceptual understanding
of fractions and correcting misconceptions. This explanatory-sequential mixed
study assessed Indonesian preservice mathematics teachers' perceptions, self-
efficacy, and implementation competencies using visual representations in fraction
learning and identified gaps among these three aspects. A total of 251 students
from three study programs participated in a validated online survey (o = 0.89).
Quantitative data were analyzed using descriptive statistics. Seven participants
were then purposefully selected for semi-structured interviews; transcripts were
analyzed using Braun & Clarke's six-stage thematic analysis with researcher
triangulation. The results showed that although prospective teachers had a very
high perception of the pedagogical value of visual representations (M = 4.41; SD =
0.153; 78.9% agreed/strongly agreed), their self-efficacy level was only in the
moderate category (M = 3.21; SD = 0.617), with only 28.3% showing high efficacy,
and 61.3% were in the medium category. Implementation competence was even
lower, with only 17% of participants being able to select and explain visual models
pedagogically and 27.8% meeting the sufficient criteria in the teaching reasoning
test. The combined analysis of quantitative and qualitative data confirmed the
existence of a systemic gap between strong conceptual understanding and limited
practical skills, which was mainly caused by uncertainty in model selection,
minimal misconception-oriented practical experience, and weak pedagogical
reflection. Integrating high-fidelity micro-teaching, representational scenario-
based simulations, and video reflections is recommended to enhance self-efficacy
and implementation competency.
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A. INTRODUCTION

L 4

Visual representation is one of the key approaches in teaching fractions that aims to help
students build deeper conceptual understanding. Through the use of models such as area,

number lines, and other visual contexts, students can not only understand the meaning of
fractions more concretely but also overcome common misconceptions that often arise in
learning this topic (Patahuddin et al., 2018; Riccomini, 2020; Lee & Lee, 2023). The National
Council of Teachers of Mathematics (NCTM) also emphasizes the importance of using various
forms of mathematical representations in a meaningful and contextual way Joyner & Reys
(2000) as part of effective mathematics learning, especially in fractions.
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However, the effectiveness of visual representation in learning is highly dependent on
teachers' pedagogical ability and self-confidence in implementing it systematically in the
classroom. In the context of teacher education, several studies have shown that prospective
mathematics teachers generally have a positive perception of the importance of visual
representation. However, there is a significant gap between this conceptual understanding and
their practical ability and self-efficacy in applying it in real life in the learning process (Lewis &
Perry, 2017; Johnson & Siegler, 2022). This gap becomes even more striking in conceptually
more complex fraction materials, such as multiplication and division of fractions, which require
a more profound mastery of Pedagogical Content Knowledge (PCK) (Getenet & Callingham,
2021; Shih et al., 2023). Consequently, the affective dimension of self-efficacy becomes a key
determinant: teachers who are confident in their abilities are more consistent and creative in
using representations (Rittle-Johnson & Siegler, 2022).

In addition to beliefs, implementation competencies the skills to select, adapt, and explain
visual models pedagogically often lag. Many teacher education programs in Indonesia still
emphasize symbolic procedural mastery over misconception-based practice exercises (Fraser,
2019). The lack of high-fidelity micro-teaching and video reflections means that prospective
teachers are less exposed to real-world scenarios, widening the theory-practice gap. The
disconnect between conceptual perception, self-efficacy, and implementation competencies
indicates a gap in the literature. Previous studies have generally focused on only one dimension
for example, perception (Patahuddin et al., 2018) or PCK (Getenet & Callingham, 2021), without
examining how the three relate to each other and influence readiness to teach fractions visually
in the context of Indonesian mathematics study programs.

Furthermore, being an important part of studying in this study is The Role of Visual
Representations in Teaching Fractures; Self-Efficacy and Its Influence on Teaching Practices;
and Preservice Teachers’ Competence and the Theory-Practice Gap. Visual representation has
long been recognized as a very effective tool in mathematics education, especially in teaching
the abstract concept of fractions that are often difficult for students to understand (Rau, 2017;
Morano & Riccomini, 2020). Various forms of representation, such as area models, number lines,
and set models, serve as cognitive bridges that connect students' concrete experiences with an
abstract understanding of fractions (Morano & Riccomini, 2020; Lee & Lee, 2023). Through
these representations, students can visualize fractional quantities, understand basic fraction
operations, and develop a more flexible understanding of fractional relations and equivalences.
These representations facilitate the conceptualization process and help reduce misconceptions
and procedural errors common in learning fractions in elementary schools.

The National Council of Teachers of Mathematics (NCTM) explicitly recommends using
multiple meaningful representations in mathematics instruction as part of effective teaching
practices (Bowman et al., 2019). This is especially important in teaching multiplication and
division of fractions, which are conceptually more complex and less intuitive than addition or
subtraction. However, the effectiveness of this strategy is primarily determined by the teacher's
ability to select and implement representations appropriate to the learning objectives and
student characteristics (Rau & Matthews, 2017; Matsumoto-Royo & Montoya, 2021; Barbieri &
Rodrigues, 2025). However, limited research examines explicitly how preservice mathematics
teachers understand and operationalize visual representations in the context of more complex
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fraction operations. This indicates an important gap in the literature, namely the lack of
understanding of preservice teachers' readiness to use visual representations pedagogically to
teach fraction concepts that require high conceptual understanding.

In Addition, the concept of self-efficacy proposed by Bandura (2023) emphasizes that an
individual's belief in their ability to complete a particular task greatly influences how they think,
act, and respond to challenges. In education, teacher self-efficacy has been shown to impact
instructional decision-making significantly, persistence in the face of difficulties, and openness
to innovation in teaching practices (Wilcox & Lawson, 2018; Gesel et al., 2021). Mathematics
teachers with high levels of self-efficacy tend to be more confident in implementing student-
centered learning approaches, including using visual aids and concrete manipulatives in the
learning process (Liljedahl & Oesterle, 2020). In other words, self-efficacy is a psychological
indicator and an important predictor of a teacher's pedagogical practice quality.

However, several studies have shown that prospective mathematics teachers often
experience low to moderate self-efficacy, especially when teaching abstract and complex
materials, such as fraction operations through visual representations (Scherer & Bertram,
2024). This condition is a potential barrier to implementing learning strategies they
understand conceptually. Although prospective teachers may recognize the importance of
visual representations in supporting student understanding, low self-confidence in designing
and implementing such strategies can reduce teaching effectiveness (O’Keeffe et al., 2019;
Lemon, 2021; Lin et al., 2022). Unfortunately, little research explicitly explores the dynamics
between prospective teachers' self-efficacy and their ability to implement visual
representations for challenging mathematics topics. This creates an important gap in the
teacher education literature, especially regarding how self-efficacy plays a role in bridging
theoretical understanding and real teaching abilities in the field.

The persistent disconnect between theoretical knowledge and classroom practice further
exacerbates this imbalance in self-efficacy. Although teacher education programs have
provided prospective teachers with theoretical knowledge, many still have difficulty translating
this understanding into effective teaching practices. This phenomenon is known as the theory-
practice gap (Mitchell & Reid, 2017; Jenset et al., 2018; Henriksen et al.,, 2020). This gap
becomes apparent in areas that require integration between conceptual knowledge and
practical skills, such as using visual representations in teaching fractions (Rau & Matthews,
2017). Visual representations require mathematical understanding and pedagogical skills to
select, modify, and apply appropriately according to the learning context. This shows that
simply knowing the theory is not enough without being accompanied by direct experience that
allows prospective teachers to develop confidence and implementation skills.

Research by Getenet & Callingham (2021) and Tossavainen (2024) emphasized that
teaching fraction operations especially multiplication and division requires a deep mastery of
Pedagogical Content Knowledge (PCK), a combination of understanding mathematical content
with insight into how students learn. Unfortunately, many teacher education programs do not
emphasize strengthening practical skills through microteaching, peer teaching, and teaching
simulations (Aras & Giines, 2024). As a result, prospective teachers often show a striking
difference between their beliefs about the importance of representational learning strategies
and their ability to apply them in the classroom. This gap is a significant challenge in ensuring
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the professional readiness of prospective mathematics teachers. While several studies have
focused on one aspect such as perception (Patahuddin et al., 2018), self-efficacy (Wilcox &
Lawson, 2018), or pedagogical competence (Getenet & Callingham, 2021), few have explored
how these three dimensions interact in shaping preservice teachers’ readiness to teach
fractions using visual representation strategies. Therefore, this study aims to (1) measure
prospective teachers' perceptions and their self-efficacy of the urgency of visual representation
in teaching fractions, (2) assess the implementation competence of preservice mathematics
teachers in using visual representations to teach fractions, and (3) analyze the gap between
conceptual perceptions, self-efficacy, and implementation competence of preservice
mathematics teachers in using visual representations to teach fractions.

B. METHODS
1. Research Design

This study used quantitative and qualitative approaches with a descriptive-exploratory
design. This approach was chosen to understand the relationship between self-efficacy,
perceptions of visual representations, and the implementation competence of prospective
teachers in teaching fractions. This design allows researchers to describe general tendencies
through quantitative data and qualitatively analyze participants' practical abilities through
responses in teaching reasoning tasks. This study focuses on the context of teaching fraction
operations, especially multiplication and division, which demand high-level pedagogical skills.

2. Participants

Participants in this study consisted of 251 students of the Mathematics Education study
program from three state universities in Indonesia. Two institutional criteria are employed to
determine the selection of universities: (a) The status of state universities that have
implemented an outcome-based education (OBE) curriculum; (b) The Mathematics Education
Study Program has been granted "superior" accreditation. They were selected using a
purposive sampling technique, with the inclusion criteria that they had: (1) completed courses
related to school mathematics, and (2) participated in at least one learning practice activity,
such as microteaching or peer teaching. The composition of participants reflects diversity in
terms of year of study, gender, and academic achievement (Table 1), which provides a
comprehensive representation of the level of readiness of prospective teachers in
implementing visual representation-based learning strategies. Furthermore, six students
(Table 2) were selected purposively to be interviewed further from the total participants. The
selection of interview subjects was based on the initial analysis of the survey results and
reasoning tests, considering variations in the level of self-efficacy and quality of responses to
the visual representation task. This strategy aims to capture the spectrum of experiences and
perspectives of prospective teachers from different levels of confidence and competence to
deepen the interpretation of quantitative data and identify practical challenges faced in
implementing visual representation, as shown in Table 1.
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Table 1. Participant Characteristics

Characteristics Frequency (n) Percentage (%)

Gender Female 178 71%
Male 73 29%

2nd year 87 35%

Year of Study 3rd year 102 41%
4th year 62 24%

: . : Yes 251 100%
Microteaching Experience No 0 0%
Experience teaching in schools Eeos 17810 ?2322
Experience using visual representation Yes 197 78%
No 54 22%

Table 2. Interview participants

Initial Length of Teaching experience in Self-efficacy
Gender

name study schools level
LZ Female 2 years No Very good
NW Male 3 years Yes Very good
EM Female 3 years Yes Good
AR Male 2 years Yes Very good
RR Male 2 years No Very good
AN Female 3 years Yes Good
SY Female 3 years Yes Very good

3. Data Collection

Data were collected through two main instruments: (1) an online questionnaire designed
to measure perceptions of the importance of visual representations, levels of self-efficacy in
their use, and perceptions of implementation competence, (2) a fraction teaching reasoning test
designed to evaluate participants' ability to design and explain fraction teaching strategies
using visual representations, and (3) semi-structured interviews. Data collection was
conducted over two weeks, and all participants were asked to complete both instruments in the
same order to maintain data consistency.

4. Instrument

The instrument used in this study consisted of three main components: a questionnaire, a
teaching reasoning test, and a semi-structured interview guide. The questionnaire was
structured in the form of a 5-point Likert scale. It included three subscales: (1) perception of
the importance of visual representation (6 items), (2) self-efficacy in using visual
representation (8 items), and (3) perception of implementation competence in teaching
fraction operations (6 items). This instrument was developed based on an adaptation of
Lamon's (2020) framework and then adjusted to the context of fraction operations learning in
elementary schools. Three mathematics education experts reviewed content validity, while the
reliability test produced a Cronbach's alpha value of 0.82, indicating good internal consistency.

The teaching reasoning test consists of three authentic scenarios depicting situations in
teaching fractions, specifically multiplication and division. Each scenario asks participants to
(1) identify potential student misconceptions, (2) design an appropriate visual representation,
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and (3) explain the pedagogical rationale behind their choice of representation. The test is
designed to contextualize participants' depth of understanding and implementation skills. This
instrument was validated by three mathematics education experts (two professors and one
teacher practitioner) using the Content Validity Index (CVI). Each item is assessed on a scale of
1-4 (irrelevant - very relevant). The I-CVI value of the entire grain is in the range of 0.83-1.00,
with S-CVI/Ave = 0.92, exceeding the recommended 0.80 limit (Almanasreh et al., 2019).

In addition, semi-structured interviews were conducted with seven purposively selected
participants based on survey scores and test performance variations. The interview guide
included questions that explored participants' perceptions of implementation challenges,
experiences using visual representations during practice or microteaching, and factors that
influenced their confidence in teaching them. Data from the interviews were used to
complement and deepen the interpretation of the quantitative results and to identify patterns
of experience not revealed in the survey and test data.

5. Data Analysis

The questionnaire data were descriptively analyzed to identify general trends in the self-
efficacy levels, implementation competencies, and perceptions of prospective teachers.
Additionally, Pearson correlation analysis was implemented to investigate the correlations
among the three variables. In the interim, the teaching reasoning test data were qualitatively
analyzed using content analysis techniques (Hsieh & Shannon, 2005). The analysis is carried
out in four stages. First, open coding is carried out manually independently by two researchers.
Each unit of meaning (i.e., sentence or clause that is intact in ideas) is labeled as an initial code
that represents aspects such as the type of representation, the suitability of the strategy of the
learning objectives, and the quality of pedagogical reasons. Second, the group grouping is done
through a thematic categorization process with constant comparison techniques. Codes with
similar meanings are combined into the main categories, namely: (1) Surface-Level
Representation vs Conceptual Representation, (2) Procedural vs. conceptual strategy, and (3)
low, medium, and high-level pedagogical reasons. Third, the validation of the initial findings
was carried out through discussions between researchers. Fourth, data triangulation is carried
out by quantitatively comparing the results of qualitative analysis with a self-efficacy
questionnaire and the reasoning test results. This comparison helps reveal the mismatch
between participants’ perceptions and actual competencies.

C. RESULT AND DISCUSSION
1. RQ1. What are Prospective Mathematics Teachers' Perceptions and Self-Efficacy

Toward Using Visual Representation in Fractions?

The results of data analysis from a questionnaire filled out by 251 students of the
mathematics education study program showed that, in general, prospective teachers have a
very positive perception of the importance of using visual representations in teaching fractions.
The average score on the perception scale was 4.41 (SD = 0.153) on a Likert scale range of 1-5,
indicating a high level of recognition of the pedagogical value of visual representations such as
area models, number lines, and set models in building students' conceptual understanding.
Most respondents (78.9%) chose the category "agree" or "strongly agree" for items such as
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"visual representations help students understand fraction operations more deeply" and "the
use of visuals reduces misconceptions in learning fractions."

However, when viewed from the aspect of self-efficacy, the results showed a tendency
towards a lower level of self-confidence, with an average score of 3.21 (SD = 0.617). Only about
28.3% of respondents indicated a high level of self-efficacy (score > 4.00), while the majority
(61.3%) were in the medium category, and the rest (10.3%) were in the low category. The items
with the lowest scores included statements such as: "I am confident that I can explain fraction
division operations using visual representations effectively" and "I feel able to adjust the type
of visual representation to the characteristics of students' errors." The following is descriptive
statistical, as shown in Table 3.

Table 3. Descriptive Statistics of Prospective Teachers' Perceptions and Self-Efficacy towards Visual

Representation
Scale Nu'm ber of Min Max. Mean SD Category
items score Score
Perception of Visual 6 2.83 500 441 0.153 High (78.9%)
Representation
Self-Efficacy of Visual Medium
Representation 6 2.00 4.88 3.210.617 (61.3%)

The significant difference between positive perceptions and relatively moderate to low
self-efficacy indicates an imbalance between conceptual knowledge and implementation self-
efficacy, which can hinder the effective classroom implementation of visual learning strategies.
This aligns with previous findings Liljedahl & Oesterle (2020), emphasizing that positive
perceptions of innovative approaches are not always accompanied by sufficient self-efficacy to
implement them in real practice. This gap reflects one of the classic problems in teacher
education, namely the disconnect between theory and practice. As Aalto et al. (2019) stated,
many teacher education programs overemphasize theoretical aspects without providing
enough space for students to internalize and practice pedagogical skills through concrete
experiences. In this study, although prospective teachers understand the urgency and benefits
of visual representations in fraction learning, they have not fully had sufficient practical
experience to grow their confidence in using them flexibly and contextually in the classroom.
This is reinforced by the results of interviews, which showed that most respondents felt unsure
about being able to choose or adjust the type of visual representation that suits students' errors
or needs, especially in teaching multiplication and division of fractions, which are cognitively
more complex.

This finding also aligns with Schiitze et al. (2017), who found that teacher self-efficacy is
closely related to concrete and reflective teaching experiences, not just declarative knowledge.
This means that understanding concepts alone is not enough to foster self-efficacy in teaching;
direct experience, support in lesson planning, and feedback from real practice are significant.
In this study, most participants only had limited experience in the form of short microteaching
or observation, which did not provide enough space for them to build a sense of mastery over
visual-based learning strategies. On the other hand, this finding contradicts the study by Van
Garderen et al. (2018) and Scherer & Bertram (2024), which showed that student teachers who
were provided with intensive training based on manipulatives and visual representations in
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classroom practice showed a high level of efficacy in implementing the strategy. This difference
is likely due to the intensity and quality of the practical experience in the teacher education
programs being compared. In many education programs in Indonesia, practice-based training
is often symbolic or fragmented, without strong integration with Pedagogical Content
Knowledge (PCK) development. Overall, these results highlight the need for redesigning
teacher education curricula that emphasize the integration of conceptual, affective, and
practical aspects. Without support for affective dimensions such as self-efficacy, even strong
conceptual knowledge is at risk of not being optimally implemented in real classroom learning.
Strengthening  implementation = competencies through intensive  microteaching,
representational scenario-based teaching simulations, and video-based pedagogical reflection
can be strategic approaches that need to be considered to close this gap.

2. RQ2.How is the Implementation Competence of Prospective Mathematics Teachers
in using Visual Representation to Teach Fractions?

The fraction teaching reasoning test results revealed significant variations in prospective
mathematics teachers' implementation competencies, especially in wusing visual
representations to help students' understanding. In general, only about 17% of participants
showed high abilities in selecting, using, and explaining visual representations appropriately
and pedagogically. Most participants were at a moderate level, namely being able to mention
visual models but not yet being able to relate them to students' thinking stages or explicitly
address misconceptions. One example of an answer that illustrates intermediate
implementation competence is: "If % liter of syrup is divided equally into 5 glasses, how much
syrup is filled in each glass?”, as shown in Figure 1.

1. A teacher gives the following question to the students:
"If % liter of syrup is equally divided into 5 glasses, how much syrup is in each glass?"

Before asking the students to solve the problem, the teacher asks them to describe the strategy they
will use to solve the problem.

As a prospective teacher, which of the following statements is MOST APPROPRIATE?

b) Siswa dapat menyelesaikan s dengan mengalik anyaknya gelas deng a) Students can solve this problem as long as they have learned how to divide fractions.

v b) Students can solve this problem by comparing the total number of glasses with the amount of
Syrup.

c) Students can solve this problem by determining how many times 5 fits into %.

d) Students can solve this problem by using a medel of dividing % into 5 equal parts.

T

S Write your answer below:

2\ G bexs neneesatan Codl 161 davon nempombar o del . A

?‘éq’(juf’e,,.v“;\; i g "0 g B e (c) Students can solve this problem by using a model to divide % into 5 equal parts.
Pocatem. i senjodi S bajan P

Figure 1. Student's answers (EM)

One student chose option (e) as the most appropriate strategy: "Students can solve this
problem by drawing a fraction model and then dividing it into 5 equal parts.” Although this
answer shows a correct tendency in directing students to use visual representations (fraction
models), the participant's further explanation is limited to mentioning the action of "drawing a
fraction model and then dividing it" without specifying the type of model in question (e.g., area
model, number line, or set), or explaining how the model helps overcome students' conceptual
barriers. There is no further exploration of how visualization can facilitate the understanding
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of dividing fractions by whole numbers in non-routine contexts. This reflects that the level of
implementation competence is still limited to reproducing general strategies, not reflective
didactic justification.

Findings from interviews with seven selected students reinforce this result. Two
informants stated: "I know pictures can help students, but sometimes I do not know which model
to use. I am afraid that it will only confuse me. I do not know which model is most suitable for this
problem” (NW). “When | tried to use the microteaching time, but [ wasn't sure it helped or was
even confusing. I don't understand how to adjust the model to the characteristics of students. "(RR)

This statement shows that although students have conceptual knowledge about various
visual representations, they do not yet have the practical skills and confidence to apply them
appropriately in meaningful learning contexts. In addition, several participants mentioned that
visual representations were discussed more theoretically than practiced in authentic teaching
simulations or microteaching during lectures. This limitation is in line with the findings of
Norton (2019), which showed that mastery of mathematical content knowledge (MCK) does
not guarantee success in pedagogical content knowledge (PCK), especially in the aspects of
representation and anticipation of student responses. Likewise, a study conducted by Hill and
Chin (2018) emphasizes the importance of the relationship between conceptual understanding,
representation selection, and pedagogical decisions in designing learning responsive to student
misconceptions.

These findings indicate that many preservice teachers have not fully integrated conceptual
understanding with implementation skills. They need learning experiences more oriented
towards reflective and contextual practice, for example, through microteaching activities based
on misconception cases, lesson studies, or reflections based on video analysis. Such training is
important to build professional acumen in selecting and using appropriate visual
representations, not only from a mathematical perspective but also from the perspective of
students' thinking development.

The third question in the fraction teaching reasoning test challenges participants to use a
number line as a visual representation to solve a contextual problem of subtracting two
different fractions: “Lina has % of a meter of ribbon. She used 2/5 of a meter to make a decoration.
How many meters of ribbon are left?”. This question tests prospective teachers' ability to select
the most accurate visual representation (from five number line diagram options) and include a
mathematical explanation to support their choice, as shown in Figure 2.
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2. Mr. Arya gives the following problem to 6th grade students:

Lina bought ¥ meter of ribbon. She used % meter to make a bow.
How many meters of ribbon are left?

Mr. Arya asks students to use number lines to represent the situation.

All number lines are drawn with the same scale and show the same units.

Which number line below correctly shows the selution to the problem?

Explain your answer.

J
B 3 €=3 - 7
" ) <" 490 1w (b) % -%=1520- &20=720

Figure 2. Student's answers (AR)

One student chose option (b) as the most appropriate answer and included a numerical
subtraction process:

I
-
=]

8
0 0

|
I

][R
I

b
el

Mathematically, the subtraction operation is performed correctly by making the same
denominators. However, the discrepancy occurs in the visual representation selection because,
in option (b), the number line model does not accurately depict the difference in the length of
two fractions based on different units (quarters and fifths). This finding indicates that although
students can perform numerical procedures correctly, their ability to connect the operation
with an accurate visual representation is still weak. In a follow-up interview, the student who
gave this answer explained: "I chose (b) because the line looks long enough to show the
remainder. But I'm not sure if the units are correct.” (LZ)

This statement confirms that students' understanding of the function of visual
representation has not fully developed—they tend to choose intuitively based on visual form
without verifying the consistency of units or relations between fractions in the context of the
number line. This reflects limitations in visual-pedagogical competence, namely the ability to
choose and use visual models that are mathematically correct and support students' conceptual
understanding.

This finding aligns with the study by Moleko (2021) and Mainali (2021), which showed that
prospective mathematics teachers are more fluent in solving mathematical problems
symbolically than using visual representations in the teaching context. This can be explained
by teacher education curricula' tendency to emphasize procedural and symbolic mastery more
than pedagogical-visual aspects. In this context, visual representations are often positioned as
a complement, not as the primary tool for building students' conceptual understanding, so they
receive less explicit attention in prospective teacher training. Research by Van Garderen et al.
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(2018) also underlines a similar problem, namely low representational fluency among novice
teachers, especially in moving from symbolic expressions to visual models that support the
construction of meaning. This obstacle is often caused by limited experience using various
forms of representation during teacher training and low sensitivity to the stages of students'
thinking in fractions. Novice teachers tend to see visual models as illustrations, not as a medium
for mathematical thinking and argumentation, as shown in the study by Appova & Taylor
(2019), which states that visual representations require pedagogical content knowledge that
cannot be developed only through procedural exercises.

However, these results differ from the findings of Zhou (2024), who found that preservice
teachers who participated in simulation-based training and microteaching showed significant
improvements in their ability to select, interpret, and adapt visual representations in the
context of mathematics teaching. This difference is likely due to the different learning
approaches used in the teacher training program. Simulation-based programs allow preservice
teachers to interact directly with authentic classroom contexts and engage in pedagogical
reflection on their representation choices two things that are not always present in
conventional learning.

Furthermore, DePiper & Driscoll (2018) and Munter & Wilhelm (2021) showed that strong
mathematical knowledge for teaching (MKT) needs to be complemented by the ability to
analyze and respond to visual representations used by students in solving problems. If teacher
training does not systematically train these skills, it is natural that prospective teachers have
difficulty in implementing visual representations effectively. This emphasizes integrating case-
based learning experiences, pedagogical reflection, and multi-representational exploration into
teacher education curricula. Thus, the contrast between the findings in this study and the study
by Zhou (2024) can be understood as a reflection of the differences in the structure and
intensity of practical experiences provided in teacher education programs. These findings also
strengthen the argument that improving prospective teachers' implementation competence is
about increasing conceptual knowledge and how teaching experiences are systematically and
contextually structured to foster self-confidence, representational flexibility, and deep
pedagogical acumen.

3. RQ3. is There a Gap Between Conceptual Perceptions, Self-Efficacy, and Implementation
Competencies of Prospective Mathematics Teachers in Using Visual Representations for
Teaching Fractions?

The combined analysis of the survey, fraction teaching reasoning test, and in-depth
interviews revealed a clear and significant gap between prospective mathematics teachers'
conceptual perceptions of the importance of visual representations, their level of self-efficacy
in using them, and their actual implementation competence in the context of fraction teaching.
Although more than 82% of respondents showed high scores on the scale of perceptions of the
urgency of using visual representations in fraction teaching (Mean = 4.31; SD = 0.47), only about
39% had high levels of self-efficacy in implementing them (Mean = 3.21; SD = 0.68). When
tested through a scenario-based pedagogical reasoning test instrument, only 27.8% of the
participants showed adequate implementation skills in selecting and explaining pedagogically
appropriate visual models. The rest showed symbolic or descriptive answers that were not
equipped with strong representational considerations.
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As an illustration, one participant chose the correct statement in a fraction division
problem and answered correctly that students could draw a model and divide it into five
equivalent parts. However, the further explanation was minimal, only stating "drawing a
fraction model and then dividing it into five equivalent parts" without including a concrete
description or pedagogical justification that reflects an understanding of the stages of student
thinking or the relationship between fractions and division. Answers like this indicate that
participants generally understand the concept but cannot fully transform it into effective visual-
based teaching practices. Furthermore, interviews with seven selected participants confirmed
this gap. Most of them stated that they ‘understand the importance of fraction pictures or models
but feel unsure about how to use them appropriately in the classroom. One participant said,
"When I was learning the theory, I felt I understood it. However, when asked to draw and explain
it, I was confused about whether my method was right” (EM). “I know that the area and number
line models are often used to teach fractions. But when I tried myself for fractional multiplication
material, I was even confused from where and what to explain"(AR).

This statement reflects unstable self-efficacy and weak pedagogical content knowledge in

7

translating visual representations into meaningful learning tools. These findings consistently
show that although conceptual perceptions of the importance of visual representation in
fraction learning are high, prospective teachers' self-efficacy and implementation skills lag
significantly behind. This imbalance confirms that conceptual knowledge does not immediately
transform into applicable pedagogical skills, especially in learning contexts requiring visual
representation flexibility. One of the primary explanations for this condition is that many
teacher education programs still emphasize declarative and theoretical aspects without
providing enough space for explicit exercises, practice-based learning, and reflective
integration into classroom practice (Moody et al., 2022).

This gap reflects the ineffectiveness of theoretical curricula and the need to contextualize
learning through real experiences in authentic teaching situations. This is in line with the
findings of Chapman (2017), which showed that teachers with good mathematical
understanding cannot transfer it effectively in representation-based learning due to the lack of
skills in responding to students' needs visually and concretely. Likewise, Rau (2017)
emphasized that representational fluency - the ability to move between forms of representation
(visual, symbolic, verbal), can only be developed through explicit instructional design, direct
teaching experience, and reflection on student interactions. In addition, research by Bessette &
Paris (2020) showed that prospective teachers often get stuck in symbolic procedures because
they are less accustomed to interpreting and utilizing visual representations as cognitive tools
in facilitating student understanding. In a study by van Garderen et al. (2021), although
preservice teachers understood that visual representations were important, they still struggled
to apply them to bridge students' conceptual gaps especially in topics such as fraction
operations, which are abstract and prone to misconceptions.

However, these results differ from the study by Levin & Flavian (2022), which showed that
prospective teachers who participated in simulation-based teaching training and video-based
case studies significantly improved the selection and use of visual representations. This
difference strengthens the hypothesis that the main factor mediating the success of visual
representation implementation is cognitive capacity and the quality of the learning experience
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experienced by prospective teachers, including the intensity of practice-based training,
exposure to diverse student responses, and habituation to pedagogical reflection. Thus, the
findings of this study require a paradigm shift in teacher education from merely reinforcing
content knowledge to a comprehensive integration of content, pedagogy, and representational
practices. Teacher education curriculum reform needs to ensure that prospective teachers
know what, why, and how to concretely integrate visual representations into learning designs
and practices responsive to student thinking in real classrooms.

D. CONCLUSION AND SUGGESTIONS

This study contributes conceptually to teacher education by comprehensively mapping the
gap between perception, self-efficacy, and competency implementation of visual
representation of fractions to prospective mathematics teachers. The results confirm that high
conceptual understanding is not enough- self-efficacy and practice skills are determining
pedagogical readiness. This mapping can be used as a diagnostic framework for teacher
educational institutions to assess the weak points of prospective teachers in a sharper manner.
To bridge the gap, we recommend the following practical-based program: (1) Case-based micro
teaching cycle with five stages-Briefing, Enactment, Video-based Reflection, Peer Feedback, and
Re-Teaching-with scenarios of teaching deliberately containing student misconceptions; (2)
Interactive Classroom Simulation so that prospective teachers can practice selecting and
modifying visual models according to context. The integration of the two intervention models
into related courses is believed to increase self-confidence as well as significant
implementation skills. Research limitations include the scope of samples that only come from
three state universities in Indonesia. Therefore, further research is advised to use a longitudinal
and controlled experimental approach to assess the effect of case-student-based intervention
on changes in self-efficacy and performance in class.
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