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Abstract. Creating mathematical models is a crucial factor in solving problems. This research aims to provide a detailed
description of students' difficulties in creating mathematical models in solving contextual problems related to ratio and
linear equations. The study adopts a qualitative approach with a phenomenological hermeneutic design. The research
subjects consist of 52 eighth-grade students from three schools in Bandung. Data collection techniques include tests and
interviews. Before usage, the instruments were validated by experts, particularly in terms of content, construct, and
appearance. Data analysis involves identifying meanings, determining credibility, interpreting data, identifying themes,
and compiling the final report. The research draws four conclusions. First, students' difficulties in creating mathematical
models include a failure to understand the situation/mathematics conceptually, an inability to identify relevant variables,
creating mathematical models without involving context, failing to produce relevant visualizations, failing to use
adequate formulas, and failing to answer questions with the assistance of mathematical results. Furthermore, they fail to
adjust (temporarily) their results to the actual situation. The main factors influencing students' difficulties in creating
mathematical models are their lack of understanding of mathematical concepts, their inability to apply these concepts,
and their limited practical experience in mathematical modeling. Their limited practical experience in mathematical
modeling made the iconic model ability lower than the symbolic model ability.
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I. INTRODUCTION

Solving problems in mathematics is one of goals in
learning (NCTM, 2000). All problems in everyday life can
be solved through mathematics, because many problems
require mathematical thinking (Herman, 2020). Mathematics
can be a tool to describe, analyze, and predict events in
various real-world contexts (Verschaffel et al., 2002).
However, the fact showed that learning mathematics is not
always interesting for students. Even students who has
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interest to mathematics, they still face many difficulties, for
example in word problems and mathematical modelling
process. (Herman, 2020; Maskar et al., 2022).

Mathematical modelling task is to translate between
reality and mathematics (Blum 2015). Mathematical
modelling is an activity that needs understanding abilities,
mathematical connections, non-mathematical competencies,
and high mathematical knowledge (Blum 2015). The ability
to create a mathematical model is part of the problem-
solving process, because when we created mathematical
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model its mean we create planning to solve problems (Polya
1957; Yimer and Ellerton 2010).

The issue in problem-solving has not been completely
resolved. Research results still indicate difficulties that
students unable to interpret the issues into mathematical
models (Sulistiowati, Herman, and Jupri 2019). Formulating
the problems is significantly difficult for students (Herman,
2020).

This is supported by the findings of several other
researchers that the difficulty in formulating situations was
in the use of variables, and mathematical connections, and
finding the patterns within the problems (Asempapa &
Sturgill, 2019; Cevikbas et al., 2022; Edo et al., 2013,
Greefrath et al., 2013; Greefrath & Vorhdlter, 2016; Hankeln
et al., 2019; Hidayat et al., 2021; Kassel et al., 1990; Melani
et al., 2023; Mingke & Alegre, 2019).

Based on the results of the research conducted, the
productive struggle of students is a crucial role in the
performance of the process of creating mathematical models
(Melani et al., 2023). Productive struggle is highly essential
in mathematics class, helping students to think deeply. Being
able to apply this ability is good for students as problem
solvers but transforming the classroom into a productive
struggle situation is not an easy task. (NCTM, 2017).
Therefore, it seems important to analyze how students create
models and promote productive struggle in solving
mathematical problems.
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Il. METHODs

This research uses a qualitative approach with a case
study method. Qualitative research explores naturally
occurring events. (Yin, 2015). The researcher aims to
explore more about students' ability to create mathematical
models using an individual case. the specific aim in
evaluating students' abilities in using iconic and symbolic
mathematical models. The study was conducted in one high
school in the Bandung West Java, Indonesia. The subjects of
this research were 52 students and 2 teachers. The research
instruments for this study were tests, interviews, and
observations.

There were four principles in this research credibility,

transferability, dependability, and confirmability (Yin, 2015).

The principle of credibility ensures that this research
accurately collects and interprets data, ensuring that the
findings and conclusions faithfully reflect and represent the
researched object. To adhere to this principle, the researcher
extends the observation period, increases diligence, seeks
diverse data, and even when faced with contradictory data,
employs supportive reference materials to validate the
discovered data.

The second principle, transferability, recognizes the
uniqueness of local conditions, which can hinder the
generalization of research findings to other situations.
(Lincoln & Guba, 1985). To adhere to this principle, the
researcher meticulously outlines the research results in a
detailed, clear, and systematic manner.

Thirdly, dependability, by definition, denotes reliability,
trustworthiness, or accountability. To uphold this principle,
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the researcher provides a comprehensive summary of the
entire research process, encompassing a detailed record of
field activities. The final principle is confirmability.
Research meeting this criterion implies that the results and
research processes are subject to verification for accuracy.
To fulfill this requirement, the researcher engages in
observations and conducts in-depth interviews with the
research subjects.
The indicators of mathematical representation

mathematical models used by the researcher are as follows.

TABLEI
INDICATORS OF MATHEMATICAL MODELS

or

Indicator

Symbolic

Students can translate
contextual problems into
numbers or algebraic
equations (Wingard-
nelson, 2005)

Iconic

Students can translate
contextual problems into
pictures, graphs, and
diagrams (Wingard-nelson,
2005)

The subjects of this research were secondary school
students, so the focus is on iconic and symbolic models.

1. RESULT

The ability of students in making mathematical models
can be evaluated through the scoring obtained during the test.
A total of 52 students from Junior High Schools in Bandung
participated as respondents in this study. The test presented
consisted of ten questions. The test was designed to cover
non-routine contextual problems with varying levels of
difficulty.

Questions 1 to 10 researchers analyzed using score
guidelines 1-4 used by the Programme Student Assessment
(PISA). The results of the mathematical modelling ability
test are described in Table 111 below.

TABLE Il
TEST RESULTS FOR THE ABILITY TO MAKE MATHEMATICAL MODELS
BASESD ON TYPES OF MODELS

Type of Ideal average
model score

Iconic 100 39,3
Simbolic 100 40,5

The table above shows that the ability to use symbolic
models is more dominant than iconic models.

The difference in scores between iconic and symbolic
models in mathematics education is influenced by several
important factors, including the role of the teacher, students'
experiences, individual abilities, and specific contexts. The
role of the teacher is crucial in this regard (Leong et al., 2015;
Sundari & Fauziati, 2021). The teaching methods used by
teachers in introducing and teaching iconic models and
symbolic models (abstract representations) can determine the
level of students' understanding and skills. Based on research
findings, observations indicate that the lesson plans designed
by teachers do not demonstrate the teaching of model-
making techniques, especially iconic models. Teachers tend



to use symbolic models to teach their students. This shows a
lack of focus on teaching iconic models, which can affect
students’ understanding of mathematical concepts taught
visually.

Students' previous experiences with iconic and symbolic
models also affect their skills in mathematics (Leong et al.,
2015; Sundari & Fauziati, 2021). Based on interview results,
students are not familiar with iconic models and are just
learning about them. Students who practice more frequently
with one type of model are more likely to understand and
use that model, which ultimately affects their scores.

The researchers grouped students into two categories, that
we can see in Table 7.
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TABLE 111
TEST RESULTS FOR THE ABILITY TO MAKE MATHEMATICAL MODELS
BAsesSD ON COMPLETENESS
Score Number of students Category
score > 70 2 Complete
score <70 50 Incomplete

Based on the data on students' achievement abilities above,
it can be seen that only two people completed the problem of
making mathematical models, meaning that there were
difficulties faced by students so that they did not reach the
minimum score. In this section, we will describe the findings
regarding students' difficulties in making mathematical
models which are contained in Table V.

TABLEV
STUDENTS' DIFFICULTIES IN MAKING MATHEMATICAL MODELS

Category Subcategory (modeling sub-
(modeling steps) processes)
Forming real-word 1.  Fail to understand the context
model 2. Fail to identify relevant
variables
3. Calculating without including
the context
4. Fail to inentify relevant
variables
Working 5. Fail to use adequate formulas
mathematically
Interpreting 6. Fail to answer the question
with the help of the
mathematical results
Validating 7. Failing to adjust (temporary)

results to the actual situation

Based on what has been described above, the biggest
difficulty for students is answering questions with the help
of mathematical results.

This statement is illustrated by the students' answers in
question number 3. Students are asked to calculate the
number of tons of coffee exported to Algeria in 2021 if it is
known that the ratio of the number of coffee exports to
Algeria and Romania in 2021 is 1: 2. In 2022, Indonesia will
increase the amount of exports to Algeria is 15 tons more
than in 2021, so the ratio is 2:1. To find out the number of
tons of coffee exported to Algeria in 2021, students are
asked to express the problem in mathematical model. The
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following are the answers that students have found, as shown
in Fig. 1.

Students had
difficulty in
representing that
the number 5
means the amount
of coffee exported
to Al Jazair.

[0
30
Sely (@

20: 10

Fig. 1 Student's answer in number 3

From the illustration above, it can be seen that students
succeeded in converting contextual problems into the form
of mathematical expressions. However, they still faced
difficulties. An interview was conducted with the subject to
confirm the student's answer. The interview results can be
seen as follows.

Researcher The mathematical model you made is
very good, you are the only student from
the number of my research who was able
to make a mathematical model on this
problem correctly.
sure ma'am? Thank you (with a happy
expression)

Yes, that's right, but you haven't got the
answer to how many tons were exported
to Al Jazair in 2021?

Well, honestly this question is the most
difficult, and 1 am confused about the
answer.

While students have the capability to build mathematical
models, but to get the final answer from the model is still a
challenge. This could indicate that students need more help
or more practice in applying the mathematical models they
have built to find the final solution to a problem.

The results of the interview process show that the
learning process has less mathematical model activity. The
teacher explained that many students still have difficulties in
understanding mathematics. Teacher admits that he has
difficulty in facilitating other students who already have a
good understanding of mathematics to move on to the next
level, namely mathematical models.

S11

Researcher

S11

Student Difficulties in ldentifying Relevant Variables and
Using an Appropriate Formula

Variables has a significant role in mathematical contexts.
A variable refers to a symbol or letter that represents a score
that can change or vary. Students' difficulty in using
relevant variables can be seen when students are asked to
determine the number of pens in one box if it is known that
the total of two boxes and two pens is 30 pieces. Their
answers can be seen in the picture 2 below.
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Fig 2. Student's answer to Problem Number 1
Students make the picture model correctly, but the
variable y in the coefficients 2 and 30 is irrelevant, the
mathematical model should be a constant. It’s shoulde be 2
and 30 only without “y”

Pen

Researcher Are you sure about the equation you
made? (while pointing to the student's
answer).

S22 a little bit sure ma'am

Researcher Try to pay attention anymore!

S11 I guess it's right ma‘am.

Students d|d not fully realize the errors in the
mathematical models they made, even when the researcher
tried to give scaffolding guidance. This situation indicates
that the inaccuracies were not caused by students' lack of
accuracy, but because students were not able to make
relevant variables.

Student Difficulties in Model Validation

The "looking back" stage is an essential factor in doing
problems, especially in the context of creating mathematical
models (Blum, 2015). Validation is an important stage to
ensure accuracy, to avoid errors, to explore alternatives, and
to maintain openness to possible errors. However, not all
students have the habit of checking the answers they have
made. This was confirmed when students answered a
question about the height of two people if the difference and
sum of their heights were known, as in the picture below.

Jwﬁl“‘ hmﬁ': _9—"_ {_h [ sium ot height .
L 11';\"‘{'&1[‘9 s lq_‘;i- rDCr'H.J
g‘-{}l ] e
=10} - 4L = rg (Toni)
7
U‘Or"i: "ﬂ'._} e fn
TC“I_— -C;':;r Cm

Fig 3. Student's Answer to Problem Number 8

The student's answer fulfills the requirements for the
number of heights, but the difference is 92, which means it's
wrong. The following is an excerpt of an interview with a
student related to the student's reasoning in answering the
guestion.

Researcher Are you sure about the answer? (while
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pointing to the student's answer).

S32 Sure Mom.

Researcher Have you checked the correctness?

S32 Not yet ma'am.

Researcher Why didn't you check it again?

S32 I didn't think of it, ma'am.

Researcher Try to explain the process of your
answer!

S32 I halved the number, then | added the
result of the division, and subtracted the
same number to get Toni's height.

Researcher Let's check the answer together. How
many conditions are met in this problem?

S32 (While reading again), there are two
ma'am, the difference is 46 and the sum
must be 202. The sum of their height is
correct ma'‘am.

Researcher The difference is 92, which means it's

wrong.

From this statement, it appears that students skipped the
validation phase of the model they created, so they did not
correct the errors in creating the model. The missing of
students in the model validation process can have a serious
impact on the quality of the model, as the validation phase is
a key step to identify and address potential errors or
inaccuracies in the model.

Students' Difficulties in Making Relevant Visualizations

Visualization is closely related to the process of creating
models in the form of pictures, figures, graphs and diagrams.
This ability is no less important than the skills previously
described, but this relevance is not always in line with the
reality experienced by students in their daily lives. The
research findings provide support for this statement, with
the results of students' answers when asked to describe
contextual situations in the form of drawings or other iconic
representations.

It is known that the ratio of coffee exports to Algeria and
Romania in 2021 is 1:2. In 2022, Indonesia increased the
amount of exports to Algeria by 15 tons more than in 2021
so that the ratio became 2:1. To find out the number of tons
of coffee exported to Algeria in 2021. State the above
situation in the form of a picture!

Here are the expected answers:

Year/country Al Jazair Romania ratio
o 0 [
2022

50y O 51
15
—~=5
3

So the coffee exported to Algeria in 2021 is 5 tons.
Students who face difficulties in making visualizations are
seen through the image presented below.
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Coffee - o
in 2021 HEP pada b, 2oay foa
bamicis fewp
Pack of @—1 ] .« ‘
coffee ‘1l
I teopi pada tabhun JTEN |-
Coffee 4J i
in 2022 Fig 4. S21’s Answer

From the aforementioned response, it is evident that the
student has yet to master the skill of proficiently crafting a
mathematical pictorial model. The student's comprehension
appears limited to the theoretical understanding of the term
"comparison," without a corresponding ability to effectively
employ the concept in resolving presented problems.

To validate the student's response, an interview was carried
out with the participant, and the outcomes of this interview
are detailed below.

R Do you believe the ratios you've formulated are
appropriate for the question's context?

S I'm not certain, miss. It's challenging to depict the
situation in the form of a diagram.

R However, you comprehend the question's meaning,
correct?

S Yes, | understand the question, miss. But I'm

perplexed about how to visually represent it.

Based on the results of answers and interviews with
students, students experience difficulty in visualizing
information and identifying relationships between elements
in constructing visual mathematical models.

Students' Difficulties in
Situations/Mathematics Conceptually

Understanding

When given problems involving percentages, students
provide answers that do not correspond to the concept of
percentages or are unable to apply their knowledge
correctly. The researcher provides contextual problems
regarding a school that holds an end-of-semester final exam,
where 25% of students achieve scores above the minimum
criteria. How many students took the exam that day if 300
students scored above the minimum criteria?

The following are the answers of students who have
difficulties.

students pass

—» the exam

a- 25% |sim [ vjion

0da300 Siswo

—»|

75 students
. 4

?S Siswa__

there are 300
students

: 25 %340 - 25 X3=
A0

25 % % 300

Fig 5. S25's answer to Problem Number 4
Based on the picture above, it can be seen that students
have not fully understood the concept of percentage.
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Students have difficulty in connecting the percentage with
the actual number or score, so the answers given are not in
accordance with the context of the problem. To confirm
students' answers, an interview was conducted with the
subject. The interview results can be seen as follows.

Researcher Can you explain the reason for getting
this answer?

S21 That's 25% ma'am, just multiply it by 300,
the result is 75 students

Researcher Are you sure you just multiplied it?

S21 Yes ma'am, it's a percentage.

Researcher Try to read the question again, the
meaning of 25% should be from the total
students or from 300 students?

S21 Uh yes ma‘am, it should be from the total
students.

Researcher So, are you sure the answer is 75
students?

S21 I'm not sure, ma'am. Sorry, | didn't read
the question correctly, | wasn't careful,
and I don't really understand this fraction
or percent problem.

Researcher Try to calculate it again.

S21 Yes, ma'am.

This interview reflects that students have difficulty in
understanding the concept of percentage and lack of
accuracy in reading the questions. Students' openness in
admitting their lack of understanding and skills creates an
opportunity for researchers or teachers to provide additional
guidance in understanding the concept of percentages and
improving their skills in reading questions carefully. This is
in accordance with research that students have difficulty
determining the right solution strategy and linking concepts
to double-check the answers obtained (Mefiana et al., 2023;
Pebrianti et al., 2023).

A. Faktors of Students' Difficulty in Making Mathematical
Model

The difficulties faced by students are always related to
specific factors. Based on the results of interviews with
teachers and students, additional information about the
factors of students' difficulties in making mathematical
models is obtained and summarized in the table V below.

TABLEV

FACTORS OF STUDENTS' DIFFICULTY IN MAKING MATHEMATICAL MODELS
BASESD ON COMPLETENESS

Factors of Students' Difficulty in Making
Mathematical Models

Internal 1. Students lack interest in practicing
contextual and non-routine problems.
Students are less critical in solving
problems.

The students are not able to try
repeatedly to obtain the expected
mathematical model.

Lost learning

Weak prior knowledge of students.
Students lack confidence when

2.

o ok
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facing challenging problems.
Students seldom allocate their time
for studying mathematics.

Lack of practical experience in
making models with various types
and methods.

External 8.

Based on the findings of this research, we will elaborate
about the factors of Students' Difficulty in Making
Mathematical Models. the first one, students' is not interest
in practicing contextual and non-routine problems can hinder
students' ability to apply mathematical concepts to real
situations, reducing their ability to make contextual and
relevant models. Second, students' lack of criticality in
solving problems can hinder the process of making
mathematical models, as students may not analyze carefully
and formulate appropriate solutions.

Third, students' inability to try repeatedly can impede the
development of perseverance and skills in making
mathematical models. Limited exploration of solutions can
restrict their understanding. Fourth, lost learning experiences
make difficulties for students to grasp higher-level
mathematical concepts, which are necessary for making
more complex models. Fifth, limited prior knowledge be a
major obstacle in formulating mathematical models. Lack of
fundamental understanding can hinder students' ability to
apply these concepts.

Sixth, students' lack of confidence in facing challenging
problems can affect their ability to make complex and
creative mathematical models. Seventh, the lack of allocated
time for learning mathematics can hinder students'
understanding of mathematical concepts and skills in making
mathematical models. Furthermore, a lack of practical
experience in making models with various types and
methods can make students struggle to connect mathematical
theory with real-world contexts, reducing their ability to
make applicable models.

In addition, during the research process, differences in
students' characteristics when making mathematical models
were revealed, particularly regarding the habit of dealing
with challenging and non-routine problems. Specific cases
indicate that only one student out of the entire group tends to
handle problem number 10 due to the habit of learning at a
tutoring place that emphasizes solving challenging problems.
On the other hand, students is not familiar with non-routine
problems tend to show a level of hesitancy, even after
attempting, but without productive struggle. From these
results, it is evident that the lack of interest in non-routine
problems has a significant impact on students' performance
in facing the task of making mathematical models.

Examples of the factors mentioned above.

Problem : Mother has 1/2 kilograms of sugar. Every day, she
uses 1/6 kilograms of that sugar. To determine how many
days the sugar will be used up.

a) state the situation above using a diagram!

b) How many days will it take until the sugar runs out?
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Fig 6. Student answers that indicate lost learning

The student successfully started with the correct steps in
forming a mathematical model, using the approach of half
minus one divided by six. Initially, the final answer, 3 days,
seemed correct at first glance. However, the researcher then
took the initiative to re-examine every detail of the answer.
A deeper analysis revealed that the mathematical model
created by the student was incomplete.

The student subtracted once to obtain the answer, but the
final answer turned out to be one-third. The student then
forcibly rounded the result to 3, although one-third is not
equivalent to three. This indicates that the student did not
fully understand the meaning of the concept of one-third and
also did not grasp the correct steps in designing the
mathematical model, resulting in lost learning in this case.
This is supported by the teacher's statement that after Covid-
19, students experienced significant lost learning, resulting
in incomplete understanding of many topics.

IV.DISCUSSION

Students' ability to make mathematical models shows
scores below the minimum score. This is in line with
research which states that students are still low, because
many students are not able to solve problems well in each
aspect (Samosir et al., 2020). Teachers must be perfect in
guiding students, including providing practical experience
regarding various representations such as enactive, iconic
and symbolic. This experience must pass well, in the order
of enactive, iconic and symbolic. This aims to build students'
concept understanding to be meaningful and in accordance
with students' cognitive stages from concrete to abstract
(Leong et al., 2015; Oakley & Lecturer, 2004).

Enactive representation is concerned with learning by
doing (Leong et al., 2015). Iconic is a series of summarized
images or graphics that represent a concept without fully
defining it (Leong et al., 2015). Symbolic representation is a
set of symbolic or logical propositions drawn from a
symbolic system governed by rules (Leong et al., 2015).
Mathematical symbols are used to represent mathematical
objects such as: numbers, functions, and limits, as well as
operations such as addition and multiplication (Heritage &
Niemi, 2006). Symbolic representation focuses on symbolic
notation and includes the use of variables and formulas.
Symbolic representations such as equations, algebraic
equations, algebraic expressions, and formulas (Heritage &
Niemi, 2006).

The results showed that the symbolic math model was
better than the iconic math model. However, the symbolic



ability is still below the minimum score. Therefore, it is
necessary to improve this ability through more careful and
systematic stages. Students are better off being taught again
the process of iconic representation; it is preferable and will
be more beneficial. This model helps students understand
mathematical  concepts  thoroughly and relevantly
(Bronkhorst et al., 2021). Iconic representation is effective
for students to know concepts that can be seen with the
naked eye (Meiers & Trevitt, 2010).

To tackle this challenge necessitates a more focused
approach to learning, incorporating engaging and
contextually relevant learning strategies, enhancing critical
skills, and providing adequate support to bolster self-
confidence (Melani & Herman, 2023). These conclusions
provide a strong foundation for designing effective solutions
to improve students' ability to formulate mathematical
models when facing the problem-solving process. To
implement these findings, a humber of practical suggestions
can be adopted in the context of mathematics learning.
Teachers need to understand the concept of Zone of
Proximal Development (ZPD) well and be able to select
problems that are appropriate to students' ability levels when
designing lessons. The integration of problem-based learning
models should be the focus, with an emphasis on selecting
challenging problems that are appropriate to students' ZPD.
Developers of teaching materials or modules also need to
ensure that materials follow a structured learning flow,
include evaluation of student progress, provide predictability
of student responses, and offer effective guiding questions.
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Holistic Recommendations

The Ministry of Education is recommended to introduce
and formulate policies for the implementation of the
enactive-iconic-symbolic ~ method,  similar to  the
government's initiative in promoting problem-solving
models or contextual learning to be applied in every school.

No. Representasi Description

1. Enactive This representation is related to
learning by doing (Leong et al.,
2015). Students are expected to be
able to represent mathematical

situations concretely.

2. Iconic Students are expected to be able to
create pictorial, graphical, and
diagram models from mathematical
situations (Leong et al., 2015;

Wingard-nelson, 2005)

3. Students can create mathematical
symbols to represent mathematical
objects such as numbers, functions,
limits, and operations like addition
and multiplication. (Heritage &
Niemi, 2006), equations, algebraic
equations, algebraic expressions, and
formulas (Wingard-nelson, 2005).

Symbolic
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The Enactive-iconic-symbolic (EIS) method combines three
primary types of representation—enactive (through direct
action or experience), iconic (via visual or graphical
representation), and symbolic (using abstract symbols such
as mathematical symbols or formal language). This approach
offers several advantages in mathematics education. Firstly,
it allows students to learn through direct experience,
enhancing their understanding of concepts through practical
engagement. Secondly, visual representations aid in
providing concrete and intuitive understandings of
mathematical ideas. Thirdly, the integration of symbolic
representations supports students in grasping and applying
concepts in abstract contexts. Overall, the EIS method
provides a holistic approach to learning, accommodating
various learning styles and fostering creativity in
mathematical expression and interpretation (Leong et al.,
2015). It has proven effective in enhancing students'
mathematical skills by leveraging diverse forms of
representation to deepen comprehension and facilitate
comprehensive learning experiences.

V. CONCLUSIONS

The research results indicate that there is a deficiency in
students' ability to construct mathematical models, with the
majority of scores below the minimum score. These findings
indicate the need for improvement and enhancement in
students' mathematical modeling skills. Factors causing
students' difficulties involve lack of interest in non-routine
problems, lack of critical thinking in solving problems, lack
of confidence in facing challenging problems, and lack of
practical experience in making mathematical models. The
use of symbolic models is more dominant than iconic
models, although symbolic is often considered more abstract
than iconic, the difference in average scores between
students who use symbolic and iconic models can be
influenced by several factors, namely the role of the teacher
in delivering the material, the influence of students' previous
experience, variations in students' individual abilities, and
the specific context in which iconic understanding can be a
determining factor in student success.

REFERENCES

Asempapa, R. S., & Sturgill, D. J. (2019). Mathematical
modeling : issues and challenges in mathematics
education and teaching. 11(5), 71-81.
https://doi.org/10.5539/jmr.v11n5p71

Bronkhorst, H., Roorda, G., Suhre, C., & Goedhart, M.
(2021). Student development in logical reasoning:
results of an intervention guiding students through
different modes of visual and formal representation.
Canadian Journal of Science, Mathematics and
Technology Education, 21(2), 378-399.
https://doi.org/10.1007/s42330-021-00148-4

Cevikbas, M., Kaiser, G., & Schukajlow, S. (2022). A
systematic literature review of the current discussion
on mathematical modelling competencies: state-of-the-
art developments in conceptualizing, measuring, and



fostering. Educational Studies in Mathematics, 109(2),
205-236. https://doi.org/10.1007/s10649-021-10104-6

Edo, S. I., Hartono, Y., & Putri, R. I. I. (2013). Investigating
Secondary School Students’ Difficulties in Modeling
Problems PISA-Model Level 5 And 6. 4(1), 41-58.

Greefrath, G., Kaiser, G., Blum, W., Ferri, B., Begriff, D., &
Modellieren, M. (2013). Mathematisches Modellieren
fur  Schule und Hochschule. Mathematisches
Modellieren Fir Schule Und Hochschule, 11-37.
https://doi.org/10.1007/978-3-658-01580-0

Greefrath, G., & Vorhdlter, K. (2016). Teaching and
Learning Mathematical Modelling Approaches and
Developments from. https://doi.org/10.1007/978-3-
319-45004-9 ISSN

Hankeln, C., Adamek, C., & Greefrath, G. (2019). Assessing
Sub-competencies of Mathematical Modelling—
Development of a New Test Instrument. 143-160.
https://doi.org/10.1007/978-3-030-14931-4_8

Heritage, M., & Niemi, D. (2006). Toward a Framework for

p-1SSN: 2477-5924 e-ISSN: 2477-8478

Using Student Mathematical Representations as
Formative Assessments. Educational Assessment,
11(3-4), 265-282.

https://doi.org/10.1080/10627197.2006.9652992
Herman, T. (2020). Strategi pemecahan masalah (problem
solving) dalam pembelajaran matematika. Pendidikan
MAtematiak UPI, 1-12.
http://file.upi.edu/Direktori/FPMIPA/JUR._PEND._M
ATEMATIKA/196210111991011-
TATANG_HERMAN/Artikel/Artikel14.pdf
Hidayat, R., Qudratuddarsi, H., Mazlan, N. H., & Mohd Zeki,
M. Z. (2021). Evaluation of a Test Measuring
Mathematical Modelling Competency for Indonesian
College Students. Journal of Nusantara Studies
(JONUS), 6(2), 133-155.
https://doi.org/10.24200/jonus.vol6iss2pp133-155
Kassel, M. S., Fachbereichs, V., Slum, W., & Rep, F. (1990).
Mathematical Problem  Solving, Modelling,
Applications, And Links to Other Subjects - State,
Trends and Issues In Mathematics Instruction. 6, 1-36.
Leong, Y. H., Ho, W. K., & Cheng, L. P. (2015). Title
Concrete-Pictorial-Abstract: Surveying its origins and
charting its future Surveying its Origins and Charting
its Future. Retrieved from The Mathematics Educator,

16(1), 1-18.
http://math.nie.edu.sg/ame/matheduc/tme/tmeV16_1/T
ME16_1.pdf

Lincoln, Y. S., & Guba, E. G. (1985). Naturalistic Inquiry.
International Journal of Intercultural Relations, 438—
439.

Maskar, S., Puspaningtyas, N. D., & Puspita, D. (2022).
Linguistik Matematika: Suatu Pendekatan untuk
Meningkatkan Kemampuan Pemecahan Masalah Non-
Rutin Secara Matematis. Mathema Journal, 4(2), 118-
126. www.oecd.org/pisa/,

Mefiana, S. A., Herman, T., & Hasanah, A. (2023).
Pemahaman Matematis Siswa Ditinjau dari Daya

184

Journal of Education, Teaching, and Learning
Volume 9 Number 1 March 2024. Page 177-184

Juang Produktif. Jurnal Cendekia : Jurnal Pendidikan
Matematika, 7(3), 2368-2381.
https://doi.org/10.31004/cendekia.v7i3.2552

Meiers, M., & Trevitt, J. (2010). The Digest edition 2010/2 :
Language in the mathematics classroom. Australian
Council for Educational Research, 413-417.

Melani, R., & Herman, T. (2023). Evaluation of Learning
Media ( Textbooks ) in Area of Square and Rectangle
to Prepare Student in Problem Solving : Praxeological
Analysis. PRISMA, 12(1), 40-48.
https://doi.org/10.35194/jp.v12i1.2887

Melani, R., Herman, T., Hasanah, A., Mefiana, S. A, &
Samosir, C. M. (2023). Kemampuan Membuat Model
Matematika dan Daya Juang Produktif Siswa SMP
dalam Menyelesaikan Soal Pemecahan Masalah.
07(16), 2391-2404.

Mingke, G. P., & Alegre, E. M. (2019). Difficulties
Encountered In Mathematical Word Problem Solving
Of The Grade Six Learners. International Journal of
Scientific and Research Publications (IJSRP), 9(6),
p9053. https://doi.org/10.29322/ijsrp.9.06.2019.p9053

NCTM. (2000). Principe and standards for school
mathematics.

NCTM. (2017). Productive Struggle. 22(1), 2017-2018.

Oakley, L., & Lecturer, S. (2004). Cognitive Development.

Pebrianti, A., Usdiyana, D., Dedy, E., & Sudihartinih, E.
(2023). KESULITAN SISWA DALAM
MENYELESAIKAN SOAL PEMECAHAN MASALAH
DITINJAU DARI KEMAMPUAN AWAL MATEMATIS.
12(3), 1-15. https://doi.org/10.1111/tpj.12882

Samosir, C. M., Solfitri, T., & Armis, A. (2020). Penerapan
Model Pembelajaran Berdasarkan Masalah untuk
Meningkatkan Kemampuan Pemecahan Masalah
Matematis Siswa Kelas VII A SMP PGRI Pekanbaru
Tahun Pelajaran 2019/ 2020. JURING (Journal for
Research in Mathematics Learning), 3(4), 403.
https://doi.org/10.24014/juring.v3i4.10312

Sundari, S., & Fauziati, E. (2021). Implikasi Teori Belajar
Bruner dalam Model Pembelajaran Kurikulum 2013.
Jurnal Papeda: Jurnal Publikasi Pendidikan Dasar,

3(2), 128-136.
https://doi.org/10.36232/jurnalpendidikandasar.v3i2.1
206

Verschaffel, L., Greer, B., & de Corte, E. (2002). Everyday
Knowledge and Mathematical Modeling of School
Word Problems. Symbolizing, Modeling and Tool Use
in  Mathematics  Education, 1993, 257-276.
https://doi.org/10.1007/978-94-017-3194-2_16

Wingard-nelson, R. (2005). Word Problem Made Easy.

Yin, R. K. (2015). Qualitative Research from Start to Finish
(2nd ed., Vol. 4, Issue 1). The Guilford Press.



