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ABSTRACT

Mathematical modeling is a process for producing mathematical models. This process requires analysis, creativity
and precision to create the right mathematical model for the problem to be solved. In mathematical modeling,
mathematical formulas, principles and concepts are also needed to understand patterns and provide solutions to
problems. This research is motivated by the importance of mathematical understanding of mathematical modeling
concepts. The aim of this research was to analyze the mathematical understanding abilities of students at SMPS
HKBP Pulo Brayan class VIII in mathematical modeling material. The research subjects were 20 students in class
VIII of a private junior high school in the city of Medan. The research methodology used is a qualitative case
study type by analyzing student answers and interview results. The instruments used were mathematical
understanding ability tests and interview sheets. Tests are used to provide a more in-depth explanation of students'
mathematical understanding abilities, while interviews are used to check answers to questions that students have
worked on. The results obtained were that students with high abilities had high mathematical understanding
abilities with a percentage of 75%, students with medium abilities had moderate mathematical understanding
abilities with a percentage of 20%. And students with moderate abilities have moderate mathematical
understanding abilities with a percentage of 5%. In other words, students with high abilities have high
mathematical understanding abilities. students with moderate abilities have moderate mathematical understanding
abilities, and students with low abilities have low mathematical understanding abilities.

Keywords: Mathematical Understanding, Mathematical Modeling, Ability

INTRODUCTION

Mathematics is the science that underlies technological development and has an important role
in developing human thinking power (Sumarno, 2017). According to (Nursyeli, 2021) Mathematics is
the science that underlies technological development and has an important role in developing human
thinking power. An effort that can be made to produce good, quality and reliable human resources
through education is through the learning process, one of which is learning mathematics (Destiniar,
2019). One of the goals of mathematics learning to be achieved is to provide the widest possible
opportunities for students to develop communication skills through modeling or demonstrating,

speaking or speaking, writing, discussing and drawing as well as presenting what they have learned.
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(Jusniani, 2021). The abilities that are essential for students to face the challenges of the 21st century
include the ability to think critically and creatively, the ability to communicate effectively, the ability
to innovate, the ability to solve problems, and the ability to collaborate (Mashudi, 2021). The
importance of providing students with problem-solving skills is one of the main competencies in
preparing a superior generation that is ready to compete in facing the challenges of the 21st century
(Kurniawati, 2019). The learning material applied is expected to be able to apply real situations with
the aim of students being able to relate everyday problems to mathematics so that students'
understanding abilities can increase (Aminah, 2018). Through the application of daily problems with
story questions related to mathematics, students understand more about the material being taught
(Agustina, 2019).

One of the abilities that students must learn and master during the mathematics learning process
in class is arguing mathematically, in this case including understanding proof, knowing how to prove,
following and assessing a series of arguments, having the ability to use strategies, and compiling
arguments (Hartatiana, 2011). Competence to build mathematical models is currently an important part
of a person's competence (Sekerak, 2010). Mathematics learning learned at school should be packaged
practically so that students are able to understand mathematical concepts well considering the
importance of mathematics learning for students (Aulia, 2023). Understanding a concept is the result of
a person's thinking activity in understanding the concept. Understanding mathematical concepts is a
competency that students must have in understanding a mathematical concept so that they can explain
the concept in their own words (Sirait, 2017).

The ability to understand mathematical concepts is a very important ability to master so that
students can understand a concept from a material flexibly and precisely in understanding the different
steps of the material and can use it efficiently (Dini, 2018). through understanding concepts can help
students to understand what is meant, be able to find ways to express these concepts, and be able to
explore possibilities related to solving problems (Hakim, 2019). According to (Harefa, 2020) students'
understanding of learning concepts, namely:

Define concepts verbally and in writing

b. Identify and create examples and non-examples
c. Using models, diagrams and symbols to present a concept
d. Changing a place of representation to another form
Get to know the various meanings and interpretations of concepts
f. Identifying the properties of a concept and recognizing the conditions that determine a

concept

g. Compare and contrast the concepts
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The low understanding of concepts is because students have difficulty in restating the concepts
they have learned and in determining the steps used in solving problems (Setiawan, 2017). Students
are involved in cognitive activities and connecting mathematical concepts with each other which
requires students' cognitive skills to master the material and use it to solve various kinds of mathematical
problems which are called mathematical abilities (Pesona, 2018). In order to achieve mathematics
learning with argumentation skills, learning is needed that can improve students' argumentation
abilities, namely by learning mathematical modeling. The ability to show mathematical representations
always appears in mathematics learning. Therefore, representations must be prioritized and embedded
in the mathematics teaching process at school (Goldin, 2020).

Mathematical modeling is the process of changing or representing problems in the real world in
mathematical form in an effort to find a solution to a problem (Ang, 2006). Abstract mathematics
learning needs to be adapted to students' cognitive abilities. Efforts are needed to concretize abstract
mathematical objects so that they are easy to understand (Nurak, 2020). High-level thinking skills are
needed in the process of solving mathematical problems, which can encourage students to become high-
quality human resources who are able to solve simple and complex problems (Fitria, 2018). A teacher
must build a classroom community conducive to creating effective learning so that students are free to
express their thoughts such as expressing ideas, creating models, and organizing and connecting their
mathematical thinking through communication (Lukitasari, 2021). In mathematics learning, problem
solving skills are the basic skills of learning activities and cannot be separated because they contribute
to everyday problem solving (Annisa, 2021).

Mathematical models are products or results of mathematical modeling in the form of abstract
representations in the form of symbols, equations, graphs, tables, diagrams or other mathematical
images that represent problems outside of mathematics (Muzaki, 2019). Students still have difficulty in
transforming sentences into mathematical models and there is a lack of assignment of applied concepts,
resulting in difficulty in formulating strategies that must be used (Febriliyani, 2018). The use of
mathematical problems as a means of helping students to gain the ability to solve challenges, both
mathematical and related to everyday life (Nurfatanah, 2018). One way to find out students'
mathematical ideas is by giving students writing assignments (Pohan, 2023). The way students
understand and absorb information is influenced by differences in student learning styles (Wicaksono,
2021). The thinking process is an activity that takes place in the human brain to understand the thinking
process of students when solving a problem and the need for a problem that can stimulate their thinking
process (Kusaeri, 2018). (Nu'man, 2019) States that one of the factors that influences the thinking
process is self-awareness. In mathematics learning, self-awareness is defined as a condition that

questions oneself regarding strategies, systems, logic and rationality in solving mathematical problems
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(Anggoro, 2021). Through the thinking process, students can help educators determine what treatment

needs to be given to students to overcome difficulties in solving problems. (Muliawati, 2018).

METHODS

This research uses a qualitative approach carried out in junior high schools. The aim and objective
of this research is to describe students' mathematical understanding abilities reviewed based on their
abilities in solving mathematical modeling problems. Data collection in this research used a
mathematical understanding ability test and interview guidelines. The sample used in the research was
20 class VIII students at SMPS HKBP Pulo Brayan. The sample consisted of 14 male students and 4
female students. The instruments given to students were 2 questions regarding Mathematical Modeling
and each question represented an indicator of mathematical understanding ability.

The sampling technique in this research uses purposive sampling, namely the researcher
determines sampling by determining special characteristics that are in accordance with the research
objectives so that they can answer the problem. Research subjects were selected according to a test of
mathematical understanding ability which was grouped based on student ability, namely high, medium
and low ability levels. Therefore, there were 20 subjects in this study consisting of 10 students with
high abilities, 7 students with medium abilities, and 3 students with low abilities. The research was
carried out using a triangulation method with students' understanding of the test results confirmed
through interviews. The process of determining the subject begins by providing a mathematical
understanding ability test instrument that has gone through validity and reliability tests. Through this,
subjects are obtained with high, medium and low levels of mathematical understanding ability. The
mathematical understanding ability test consists of 2 items. If a student gets a score greater than 75%,
then the student is considered to have strong mathematical understanding abilities. classified as having
a moderate level of mathematical understanding if 55%—75%. Meanwhile if students <55 are classified
as having low mathematical abilities. This is the main focus in data collection, this is based on research
(Mitasari & Murtiyasa, 2023). This is instrument is carried out through a written test. After that, the
instrument results were summarized, selected from each category of high, medium and low

mathematical understanding ability.
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FINDINGS
The test of mathematical understanding ability in mathematical modeling material is classified

by percentage based on the score obtained by the research subject (Nursaadah, 2018).

Table 1. Categories of Mathematical Understanding Ability

Percentage (%) Category
>75% Tall

55% > 75% Currently
<55% Low

The interview guide used in this research was prepared based on indicators of mathematical
understanding ability. This table provides a classification of students' mathematical understanding
abilities into three categories based on the percentage of achievement. Students who obtain a percentage
of more than 75% are placed in the High category, indicating that they have excellent mathematical
understanding and are able to meet most of the indicators measured. Furthermore, the Medium category
includes students with a percentage between 55% to 75%, which means they have sufficient
mathematical understanding, although there is still room for improvement in certain aspects. Finally,
students with a percentage of 55% or less fall into the Low category, indicating that they require special
attention and additional learning strategies to improve their understanding of mathematical concepts.
This table makes it easier to group students based on their level of understanding so that it can become

the basis for developing more effective and targeted teaching strategies.

Table 2. Indicators of Achievement in Mathematical Modeling

Indicators of Mathematical Understanding Ability Category

Student

Achievement in
Understanding Tall Currently Low
Mathematical

Modeling

Restating the Seven people Three people
Ten people
Concept
Provide Examples Nine people
and Non-Examples Seven people Four people

of Concepts
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Classify, utilize, Three people
objects according to Six people Eleven people
their properties
Six people

Using, utilizing,

and selecting a

Nine people Five people
procedure or
operation
Apply concepts or Four people Four people
algorithms in Twelve people

problem solving

There are quite striking differences in the achievement of understanding indicators between
male and female students. On the Restating Concepts indicator, the majority of students succeeded in
doing very well, which is reflected in the high number of students who fell into the high category. This
shows that the majority of students have a strong understanding of the mathematical concepts that have
been taught. This ability reflects good mastery of the material, especially in understanding and
remembering the essence of the concepts being taught. In contrast to the previous indicator, in the
indicator Providing Examples and Not Examples of Concepts, there is a significant gap. Most of the
students, namely 9 people, were in the low category. This condition indicates that many students have
difficulty understanding how to provide examples that are relevant to the concepts being studied, as
well as distinguishing them from examples that are not appropriate. This imbalance indicates a need to
strengthen students' analytical skills and practical understanding of mathematical concepts.

Meanwhile, in the indicator of Classifying and Utilizing Objects Based on Their Properties, the
majority of students (11 people) are in the medium category. This shows that the majority of students
are quite capable of identifying and grouping mathematical objects according to their properties or
characteristics. Even though they have demonstrated adequate ability, this achievement is still at an
intermediate level, indicating there is potential for improvement so that more students can reach the
high category. A learning approach that is more focused on the application of concepts can help students
optimize their ability to classify and utilize mathematical objects. In the indicators Using, Utilizing, and
Selecting Procedures or Operations, the results show variations in student abilities. Students who fall
into the high category are able to choose appropriate mathematical procedures or operations quite well.
However, there were a number of students (6 people) who were in the low category, which indicated
difficulties in understanding or applying these procedures and operations correctly. Meanwhile, in the
Applying Concepts or Algorithms in Problem Solving indicator, the results obtained are the most

prominent. Most of the students (12 people) were in the high category, which shows their ability to
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properly apply mathematical concepts and algorithms in solving problems. However, there are still
some students who are in the medium and low categories, who need more attention to improve their
skills in this aspect.

Table 3. Characteristics of interview subjects

Mathematical understanding ability category

Student (gender)
Tall Currently Low
Man Ml R1 S1
Woman M2 R2 S3

Description: Selected research subjects

Male students with high mathematical understanding abilities (M1) tend to be superior in
describing complete mathematical modeling problems compared to female students with similar
abilities (M2). Even though both are in the high category, male students show superiority in explaining
mathematical modeling problems in more detail and depth. On the other hand, male and female students
in the medium (S1, S2) and low (R1, R2) categories have not been able to describe mathematical
modeling problems in their entirety. This shows that the ability to describe problems completely is still
a characteristic of students in the high category, while students in the medium and low categories require

improvement in this aspect.

DISCUSSION

According to research conducted by (Afriweni, Miyarni, & Sarkowi, 2021) the classification of
ability to understand mathematics is based on the percentage obtained from student scores. By
categorizing students into three levels, High, Medium, and Low, it helps them determine how they

understand and use mathematics. This is critical to making educational interventions effective.

1. Category: High Mathematical Understanding Ability Category:

e  More than 75%
of students in this category show very good mathematical understanding ability. They can apply these
ideas in a variety of situations and meet most of the indicators measured. To improve the capabilities
of this group and challenge their potential, they need development activities.

e Category Medium (55%—75%)
Students falling under this range display sufficient understanding but still have difficulty in grasping
specific topics. They can close these gaps with the aid of targeted teaching techniques. They gain from
practice under supervision and strengthening of their weaker areas.

e Category Low (<55%)
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These pupils have a very difficult time grasping mathematical ideas. They need special care, which
includes remediation, individualized instruction, and extra assistance. The secret to raising their

performance is to pinpoint their unique difficulties.

2. Measures of Mathematical Modeling Success
In the context of mathematical modeling, the study lists a number of measures to gauge students'
mathematical comprehension:

e Reiterating the Idea
Ten participants demonstrate that the majority of students in the High category are able to accurately
articulate mathematical concepts. In the Medium and Low categories, this skill declines, suggesting that
fundamental conceptual understanding has to be reinforced.

e Giving Conceptual Examples and Non-Examples
With nine people having difficulties, students in the Low group have the greatest difficulties with this
indication. It emphasizes how important it is to concentrate on their capacity to differentiate between
legitimate and illegitimate instances of mathematical ideas.

e Using Properties to Classify and Use Objects
Eleven students in the Medium category participate the most, indicating that while they have a basic
comprehension, they can benefit from focused instruction to strengthen their classification and
application abilities.

o Employing and Choosing Methods or Activities
Students in the High group perform quite well on this metric, but those in the Low category need a great
deal of assistance in order to choose and use the proper techniques.

e Using Ideas or Algorithms to Solve Problems
Given that 12 people exhibit competency, this indicator is a strength for students in the High group.
Students in the Medium and Low groups, however, exhibit comparable difficulties, highlighting the

significance of focused problem-solving exercises.

3. Qualities of the Interview Subject
Interview subjects were chosen to be representative of all genders and classifications.
e High Category: Consists of a male (M1) and a female (M2) who both possess exceptional
mathematics comprehension.
e Medium Category: Consists of one female (R2) and one male (R1) with modest skill levels.
e Low Category: Indicates substantial difficulties with mathematical ideas and consists of one

man (S1) and one female (S3).
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This distribution gives a balanced viewpoint while analyzing the difficulties and assets of pupils in
various groups.

Based on the interview results, it can be concluded that there is no significant difference in
mathematical understanding abilities between male and female students as a whole. Even though there
are differences in ability between categories (high, medium, low), gender is not a determining factor in
mathematical understanding ability. Both male and female students have relatively equal potential,

although there are variations in how they describe problems, especially in the high ability category.

4. Implications for Methods of Instruction
Designing focused instructional strategies is based on the classification system and indicator
analysis:
High Category: Offer enrichment activities to foster sophisticated problem-solving abilities and a
deeper comprehension.
Medium Category: To get these kids into the High category, concentrate on their areas of weakness
through practice and guided instruction.
Low Category: Use remedial sessions, scaffolding strategies, and individualized learning plans to
address particular difficulties and promote a fundamental comprehension of mathematical ideas.
By ensuring that instructional efforts are customized to meet the demands of each category, this

methodical approach eventually improves students' overall mathematical ability.

CONCLUSION

From the results of the analysis and interviews, it can be concluded that the majority of students in
class VIII SMPS HKBP Pulo Brayan have a good mathematical understanding of several indicators,
although there is room for improvement, especially in the lower ability categories. The most visible
difficulties are in providing examples of concepts and describing the problem completely. Although
there are some differences in the way of describing problems between male and female students, it is
not a major factor in determining students' mathematical understanding. This shows that with the right

approach, both men and women have equal potential in mastering mathematical concepts.

SUGGESTION

To improve the mathematical understanding of class VIII students at SMPS HKBP Pulo Brayan,
especially the ability to provide examples of concepts and describe problems completely, it is
recommended to use real problem-based learning methods that involve group discussions and case
studies. This approach allows male and female students to work together, utilizing different ways of

thinking to complement each other. In addition, the use of visual media and interactive technology can
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help students understand abstract concepts more concretely. Regular evaluations are also important to

identify student progress and provide appropriate intervention according to their needs.
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