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Abstract

Article Information Background: Mathematical representation skills are essential for
Submitted Oct 11, 2024 understanding and applying mathematical concepts. However, many
Accepted Dec 02, 2024 students struggle to connect abstract concepts to real-life situations,
Published Dec 12, 2024 making it difficult for them to improve their representation skills.

Aim: This study aims to develop and test the effectiveness of the
Keywords Realistic Mathematics Education (RME) approach, supported by
Learning Models; scaffolding, in improving students' mathematical representation skills.
Mathematical Representation; ~ Method: The study followed the ADDIE model, which includes five
Realistic Mathematics steps:  Analysis, Design, Development, Implementation, and

Evaluation. The participants were 50 second-semester students from
classes A, C, and D in the Mathematics Education program at UIN
Raden Intan Lampung.

Results: The development of the Realistic Mathematics Education
(RME) model with scaffolding was validated by eight expert
validators, confirming its validity and practicality. The model was
designed to align with learning objectives, incorporate real-world
contexts, and provide structured scaffolding tailored to students’ needs.
During implementation, the model demonstrated practicality as
students actively engaged with learning activities and gradually
developed independence in problem-solving. The effect size
calculation of 0.9, categorized as high, confirmed the model’s
effectiveness in significantly enhancing students' mathematical
representation skills.

Conclusion: The RME approach with scaffolding is an effective
method to improve the quality of mathematics learning in higher
education. It helps students better understand and apply mathematical
concepts by linking them to practical problems.

Education (RME);
Scaffolding.

INTRODUCTION

Mathematics plays a vital role in shaping students' logical, analytical, and critical
thinking abilities, making it a fundamental discipline in both academics and everyday
life. Research highlights that mathematical representation skills are critical for
interpreting, presenting, and communicating mathematical ideas in forms such as graphs,
symbols, and words (Hafriani, 2021). These skills are essential for students to understand
and apply mathematical concepts in real-world contexts and across disciplines (Zuniar,
2020). Despite this importance, many students face difficulties in developing their
representation skills, particularly at the higher education level, due to the abstract and
complex nature of mathematical concepts (Nurdin, 2019; Qurohman et al., 2024). These
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challenges necessitate innovative teaching strategies to support students in enhancing
their mathematical representation skills, setting the stage for exploring approaches like
Realistic Mathematics Education (RME).

To address the challenges in developing mathematical representation skills,
innovative approaches such as Realistic Mathematics Education (RME) have been
proposed. RME emphasizes the use of real-world contexts to make abstract mathematical
concepts more meaningful and relatable for students (Dhonna et al., 2024). Studies have
demonstrated its effectiveness in improving mathematical literacy, problem-solving
skills, and conceptual understanding (Kusumaningrum & Nuriadin, 2022; Nurhayanti et
al., 2022). However, implementing RME in higher education remains challenging,
particularly when addressing the diverse needs and varying levels of understanding
among students (Retnodari et al.,, 2020). These limitations point to the need for
complementary strategies, such as scaffolding, to maximize the effectiveness of RME in
enhancing students’ mathematical representation skills.

Scaffolding serves as a critical support mechanism to assist students in overcoming
learning difficulties and achieving higher levels of understanding in mathematics. This
approach aligns with Vygotsky’s Zone of Proximal Development (ZPD), which defines
the gap between what students can do independently and what they can achieve with
guidance (Rahayu et al., 2020; Suardipa, 2020). Research has shown that scaffolding
significantly improves students' abilities to represent mathematical concepts, particularly
in complex tasks (Astutik, 2020). By providing structured and gradual support,
scaffolding helps students transition from dependence to independence in learning
(Retnodari et al., 2020). Integrating scaffolding into RME offers an opportunity to
address these gaps, paving the way for a comprehensive approach that combines real-
world relevance with effective support mechanisms.

The Realistic Mathematics Education (RME) approach has been widely applied
to enhance various aspects of mathematics learning, including creative thinking (Goolla
et al., 2024), mathematical literacy (Cahyo & Sutarni, 2023; Fauzana et al., 2020;
Purwanti et al., 2019; Wesna et al., 2021), mathematical communication skills (Ahmad
et al., 2023; Andriani & Fauzan, 2019; Ramadhani et al., 2023), and problem-solving
abilities (Priciliya et al., 2022; Putri & Suparman, 2019). Furthermore, some studies have
combined RME with technology, such as Google Classroom, to support learning (Wesna
etal., 2021). However, studies that specifically focus on the impact of RME on students’
mathematical representation skills remain very limited (Warsito et al., 2018). Meanwhile,
scaffolding has been recognized as an effective strategy to assist students in completing
complex tasks. Nevertheless, integrating scaffolding into RME to specifically enhance
mathematical representation skills has not been extensively explored. Existing studies
often focus on developing RME-based teaching tools without delving into the
relationship between scaffolding and representation skills (Andison & Armiati, 2020).
Therefore, this study aims to fill this gap by investigating how the combination of RME
and scaffolding can be developed into a single learning unit and have a significant impact
on improving students' mathematical representation skills, especially in the context of
mathematics education in Indonesia.
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METHODS

Design

This study employs the ADDIE (Analysis, Design, Development, Implementation,
Evaluation) model as the research design. The ADDIE model was chosen for its
systematic structure and flexibility in developing learning tools (Winatha, 2018). The
purpose of this study is to develop a Realistic Mathematics Education (RME) model
supported by scaffolding to improve students' mathematical representation skills. Each
phase of ADDIE has a specific role:

e Analysis: Identifying learning needs, particularly challenges students face in
understanding abstract mathematical concepts.

e Design: Developing a learning model based on RME with real-world activities
and scaffolding strategies.

e Development: Creating and validating the model with input from eight expert
validators.

e Implementation: Applying the model to the research participants.

e Evaluation: Assessing the effectiveness of the model through formative and
summative evaluations to determine its impact on students’ mathematical
representation skills.

The visual representation of the ADDIE model used in this study is shown below:
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w
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Development

[ Implementation

1

Figure 1. ADDIE Model Diagram

Participants

The participants of this study were second-semester students enrolled in the Mathematics
Education program at UIN Raden Intan Lampung. A total of 50 students from three
different classes (A, C, and D) were involved in the research. These participants were
selected because they represented a diverse range of mathematical abilities, which
aligned with the study's focus on addressing varied levels of understanding through
scaffolding strategies. The students participated in the implementation of the developed
learning model, allowing the researchers to evaluate its effectiveness in improving
mathematical representation skills.
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Instruments
The instruments used in this study include:
1. Mathematical Representation Skills Test: This test measures students' abilities in
three aspects of representation:
o Visual Representation: Using diagrams, graphs, or images.
o Symbolic Representation: Creating equations or mathematical
expressions.

o Verbal Representation: Writing explanations or step-by-step solutions.

The indicators of mathematical representation skills are presented in the table below:

Table 1. Indicators of Mathematical Representation Skills

Aspect Indicator

Presenting data in diagrams, symbols, or graphs; Drawing
patterns or geometric shapes.

Creating mathematical equations; Solving problems using
mathematical expressions.

Verbal Representation Writing step-by-step solutions; Interpreting data in written text.

Visual Representation

Symbolic Representation

2. Validation Questionnaire: Used by expert validators to assess the feasibility of
the developed learning model.

3. Observation Sheets: To record the implementation of scaffolding during the
learning process.

Data Analysis
Data were analyzed through several steps:

1. Model Validation: Validation was conducted by eight experts. After revisions,
the final model was applied once deemed suitable.

2. Effectiveness Test: The effectiveness of the learning model was measured using
effect size calculations. The formula used is:

_ (My—M;) _ |$%2452
d= - dengan Spooiea = >
pooled

The categories of effect size are as follows:
o d=>0.8: Large
o 0.2<d<0.8: Medium
o d<0.2: Small

3. Formative and Summative Evaluation:
o Formative Evaluation: Conducted at each stage of development to ensure
the process aligns with the objectives.
o Summative Evaluation: Conducted after implementation to assess
improvements in students' mathematical representation skills.

The results of the evaluations were used to refine and improve the learning model before
broader application.
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RESULTS AND DISCUSSION

Result

This study aims to develop and test the effectiveness of a Realistic Mathematics
Education (RME) model supported by scaffolding to enhance students' mathematical
representation skills. The research process follows the ADDIE development model,
which consists of five stages: analysis, design, development, implementation, and
evaluation. Each stage is carried out systematically to ensure that the resulting learning
model is effective and meets the needs of the students.

1. Analysis Stage

At the analysis stage, the researcher identified the needs of students in learning
mathematics, particularly their mathematical representation skills. Initial findings
revealed that many students in the Mathematics Education program at UIN Raden
Intan Lampung face difficulties in understanding abstract mathematical concepts.
These challenges arise because students struggle to connect these abstract
concepts to their daily experiences or represent them in visual, symbolic, or verbal
forms. The needs analysis also showed that mathematical representation skills are
crucial as they form the foundation for understanding more complex
mathematical concepts. These skills enable students to present mathematical
ideas more clearly, whether through graphs, tables, diagrams, or symbolic
equations. Therefore, developing a learning model that enhances these skills is
considered essential, especially by utilizing the RME approach, which connects
mathematics to real-life contexts, and scaffolding as a step-by-step learning
support.

2. Design Stage

In the design stage, the researcher developed a learning model based on RME
supported by scaffolding. This design included the creation of learning activities
grounded in RME principles, which emphasize the use of real-life contexts to
explain mathematical concepts. Using the RME approach, students were
introduced to problems related to everyday life to help them understand
mathematical concepts more concretely. Additionally, scaffolding was prepared
to support the learning process. Gradual support was provided, starting with
detailed and intensive guidance during the early stages of learning. As students'
understanding improved, the scaffolding was gradually reduced, allowing them
to become independent in solving mathematical problems. Representation tools,
such as diagrams, graphs, and mathematical symbols, were also designed to help
students visualize and solve mathematical problems effectively. This learning
design focused not only on improving students' mathematical representation skills
but also on creating an interactive learning experience that is relevant to their
needs.
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3. Development Stage

After completing the design, the development stage was carried out. In this stage,
the designed learning model was tested and validated by eight expert validators,
including mathematics education specialists and experts in learning model
development. The validation process involved several revisions and
improvements until the model was deemed feasible for implementation in the
field. Feedback from the experts indicated that the RME model supported by
scaffolding showed strong potential for improving mathematics learning,
particularly in enhancing students’ mathematical representation skills. The
validation covered various aspects, such as the relevance of real-world contexts
used in the learning process, the alignment of scaffolding with students' abilities,
and the clarity of the representation tools designed.

4. Implementation Stage

Following the development stage, the learning model was implemented with
second-semester students from classes A, C, and D in the Mathematics Education
program at UIN Raden Intan Lampung. A total of 50 students participated in this
stage. During the implementation, significant improvements were observed in the
students' mathematical representation skills. Students who initially struggled to
represent mathematical concepts began to demonstrate better abilities in using
graphs, diagrams, symbols, and other forms of representation. They were also
able to connect the mathematical concepts they learned with real-life problems.
The step-by-step scaffolding process helped students develop independent
thinking skills. Initially, they relied heavily on instructor support, but over time,
this support was gradually reduced, and students were able to solve problems
more independently.

5. Evaluation Stage

The evaluation was conducted in two forms: formative and summative
evaluations. Formative evaluation was carried out during the development and
implementation processes to ensure that each stage proceeded as planned and
achieved the learning objectives. The researcher made revisions and adjustments
based on feedback gathered during this stage. Summative evaluation was
conducted after the implementation to assess the impact of the learning model on
students' mathematical representation skills. This was done through pretest and
posttest measurements to evaluate changes in the students' abilities. The results
of the effect size calculation are presented as follows:

Table 2. Effect Size Calculation
Category N M1,2 SD1,2 SDpooled ES
Mathematics Education UIN
Raden Intan Lampung

50 38.43 44.42 40.838 0.9

75.55 36.91
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The evaluation results indicate that the developed learning model demonstrates a
high level of effectiveness in improving students' mathematical representation
skills. The effectiveness test, conducted using the effect size calculation,
produced a value of 0.9, which falls into the large category. This finding shows
that the RME model supported by scaffolding has a significant impact on
enhancing students' mathematical representation abilities. Students were not only
able to better understand mathematical concepts but also effectively communicate
their understanding through various forms of mathematical representations.

Discussion

The development of the Realistic Mathematics Education (RME) model combined with
scaffolding followed a structured process using the ADDIE framework, which consists
of five stages: Analysis, Design, Development, Implementation, and Evaluation.

e Inthe Analysis stage, the researcher identified key challenges faced by students,
particularly their struggles with understanding abstract mathematical concepts
and representing them visually, symbolically, or verbally. These findings
highlighted the need for a learning model that integrates real-world contexts and
provides gradual learning support through scaffolding.

e The Design stage focused on creating a learning model based on RME principles,
where students worked on real-life problems to contextualize mathematical
concepts. Scaffolding was embedded into the design to offer step-by-step
guidance, starting with intensive support that was gradually reduced. The model
also included tools for mathematical representation, such as diagrams, graphs,
and symbolic equations, to enhance students' understanding.

e During the Development stage, the model underwent validation by eight expert
validators, including specialists in mathematics education and instructional
design. The validation process involved assessing the model's relevance,
practicality, and feasibility. Feedback from the experts emphasized the strengths
of the model, particularly its ability to connect real-life contexts with abstract
mathematical concepts and the suitability of scaffolding strategies for diverse
student abilities. Several iterations of revisions were made based on the
validators' suggestions, ensuring that the model met high standards of validity
and practicality. By the end of the development phase, the model was deemed
valid and ready for implementation. The validation results showed that the model
effectively addressed students' learning needs and aligned well with instructional
objectives.

e In the Implementation stage, the validated model was applied to 50 second-
semester students in the Mathematics Education program at UIN Raden Intan
Lampung. The implementation phase revealed that the model facilitated active
engagement and meaningful learning among students.

e Lastly, the Evaluation stage involved formative and summative assessments to
ensure the model's effectiveness. The formative evaluation, conducted during
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development, ensured each stage aligned with the learning goals, while the
summative evaluation measured the model's impact after implementation.

The validation process by experts confirmed that the developed RME model with
scaffolding was both valid and practical, making it a suitable tool for improving students'
mathematical representation skills in diverse learning contexts.

The implementation of the developed RME model with scaffolding significantly
enhanced students’ mathematical representation skills. Pretest and posttest results
indicated substantial improvements in students' ability to use visual, symbolic, and verbal
forms of representation. The calculated effect size of 0.9 demonstrated a high level of
effectiveness, confirming the model's impact on learning outcomes. Before the
intervention, many students struggled to represent mathematical concepts clearly and
connect them to real-life contexts. After using the model, students showed marked
progress in creating diagrams, graphs, and symbolic equations to solve problems. They
also improved their ability to explain mathematical concepts verbally, demonstrating a
deeper understanding of the material. The real-world contexts provided by the RME
approach helped students relate abstract mathematical ideas to practical situations,
making the concepts more meaningful. Meanwhile, the scaffolding process gradually
built students' confidence and independence in problem-solving. Initially, students relied
heavily on instructor guidance, but as the scaffolding was reduced, they became more
capable of solving problems on their own. This progression highlights the model's
effectiveness in fostering both skill development and independent thinking. Overall, the
findings indicate that the RME model with scaffolding successfully addressed students'
learning needs, providing a structured and impactful approach to improving
mathematical representation skills.

The findings of this study align with previous research that highlights the benefits
of the RME approach in improving mathematics learning. For example, Kusumaningrum
and Nuriadin (2022) found that RME enhances problem-solving and mathematical
literacy. However, this study goes further by focusing specifically on mathematical
representation skills, which have received less attention in earlier studies. Research by
Warsito et al. (2018) also pointed out the value of RME in connecting abstract ideas to
real-life problems, but it did not examine the role of scaffolding. This study fills that gap
by showing how scaffolding strengthens the RME approach, especially in helping
students visualize and interpret mathematical concepts. Unlike earlier studies that
focused on delivering mathematical content, this research highlights the importance of
integrating teaching strategies that also build essential skills. This contribution shows the
potential of combining innovative methods to improve learning outcomes in
mathematics.

The success of the RME model supported by scaffolding can be explained by
several factors. First, the use of real-world contexts made abstract mathematical concepts
easier for students to understand. Real-life problems provided meaningful connections,
which aligns with the principles of RME (Gdller, 2018; Yilmaz, 2019). Second,
scaffolding gave students the right amount of support during the learning process. Based
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on Vygotsky's Zone of Proximal Development (ZPD), scaffolding helped students
achieve tasks they could not complete on their own (Joda, 2019; Shemy, 2022). As
students' understanding grew, the level of assistance was gradually reduced, allowing
them to solve problems independently. The inclusion of representation tools, such as
diagrams, graphs, and mathematical symbols, further helped students visualize and
explain mathematical ideas. These tools made the transition from concrete examples to
abstract thinking smoother. This structured approach not only improved representation
skills but also encouraged critical thinking and problem-solving abilities. The
combination of RME and scaffolding creates a supportive learning environment where
students can develop both their skills and confidence.

Implication

The findings of this study have practical implications for mathematics educators. The
RME model supported by scaffolding offers a structured framework that can be used in
various educational settings. Teachers can design lessons that connect mathematical
concepts to real-world situations, making the subject more engaging and easier for
students to understand. By using scaffolding, educators can provide step-by-step
guidance that matches students' needs and abilities. As students improve, the support can
be reduced, encouraging them to become more independent in their learning. This
approach is particularly useful in classrooms with diverse learning abilities, as it adapts
to each student's level of understanding. The study also suggests that this model could be
integrated into teacher training programs to help educators implement it effectively. By
adopting this method, schools and universities can improve the quality of mathematics
education and better prepare students for real-world challenges.

Limitation

Despite its positive results, this study has some limitations. First, the sample size was
relatively small, with only 50 students from a single institution, which may limit the
generalizability of the findings. Second, the study focused only on mathematical
representation skills and did not explore other important competencies, such as reasoning
or communication. The implementation period was also relatively short, which may not
fully capture the long-term impact of the model. Additionally, the challenges teachers
might face in applying this model in larger or more diverse classrooms were not
examined. Future studies could address these issues by including larger and more diverse
samples, extending the implementation period, and exploring the impact of the model on
other mathematical skills. Such efforts would provide a more comprehensive
understanding of the model's effectiveness.

This study makes an important contribution to mathematics education by
combining RME with scaffolding to address specific learning challenges. The findings
provide evidence that this model improves mathematical representation skills, which are
essential for understanding and applying mathematical concepts. Unlike traditional
teaching methods that focus mainly on delivering content, this model encourages
students to actively engage in the learning process. It also emphasizes the use of real-
world contexts and structured guidance, making mathematics more relevant and
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accessible to students. These contributions are valuable for educators and curriculum
developers looking for innovative ways to improve mathematics learning. Furthermore,
this study offers practical strategies for implementing integrated learning models that
meet the needs of diverse learners. By bridging theory and practice, this research provides
a foundation for future studies and advancements in teaching methods.

CONCLUSIONS

This study developed and validated a Realistic Mathematics Education (RME) model
supported by scaffolding using the ADDIE framework, ensuring a systematic and
practical design. Validation by eight expert validators confirmed the model's feasibility
and relevance in addressing students' challenges in understanding abstract mathematical
concepts. The implementation demonstrated significant improvements in students'
mathematical representation skills, as evidenced by a high effect size of 0.9. The RME
approach, combined with scaffolding, helped students relate mathematical ideas to real-
life contexts while gradually building their independence in problem-solving. These
findings highlight the model’s effectiveness in fostering both conceptual understanding
and critical thinking. This research contributes to mathematics education by offering a
practical and impactful learning strategy, with potential for broader applications in other
competencies and diverse educational settings.
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