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Abstract

This research aims to analyze students' difficulties in solving mathematical problems on linear programming
material using qualitative descriptive methods based on the Polya heuristic. This research involved students
with high, medium, and low abilities through analysis of written tests and student interviews. Data was
collected from 30 class XI students at SMA X using specially designed written tests and in-depth interviews.
Data analysis was carried out using thematic analysis techniques. The research results show that students
with high abilities do not experience difficulties in working on contextual problems in linear programming
material. Students with moderate abilities experience difficulty in determining the sign of inequality and
the set of solution areas. Meanwhile, students with low abilities experience difficulties in various aspects,
including understanding basic concepts and applying problem-solving steps. Specific examples of
difficulties experienced include errors in drawing graphs and determining intersection points. As a
recommendation, teachers are advised to introduce and explain problem-solving according to Polya's
heuristics more concretely and systematically. For example, using Polya steps in varied practice sessions
and providing specific feedback at each stage of problem-solving. In this way, students' understanding of
linear programming material can be significantly improved.
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1 INTRODUCTION

on science and mathematics are focused on

Education is a human need throughout life because it
allows humans to live by their goals and functions
(Jiwanto et al., 2012; Mahdayani, 2016). In the modern
concept, education is not only seen as a transfer of
knowledge from teacher to student but becomes one of
the means for students' preparation to face the current
global challenges. (Hadi et al., 2018). Mathematics is
one of the most essential things in education in all
fields. (Widyastuti et al., 2017a). Advances in life based
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mathematical research by some countries (Adu et al.,
2015).

Mathematics is not only a science but also a
fundamental means of solving problems in everyday
life. (Ferdianto & Setiyani, 2018; Ozdamli et al., 2013;
Surya et al., 2017). Mathematics is an essential part of
the progress of science and technology, and it is
essential to improve the high level of thinking in
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mathematics. (Sugiarti, 2017). Math is compulsory from
elementary school to high school. (Murtafiah et al.,
2018), It is to encourage students to engage in rational
and logical mindset because they improve their ability
to think and build relationships (Hasibuan, 2018; Putra
et al., 2018). Therefore, the goal of learning should be
to promote mathematical understanding and thinking.
(Pehkonen et al., 2013).

The world's math curriculum is trying to solve the
problem with a demand for learning through problem-
solving because that is an important aspect of
mathematics (McLeod & Schoenfeld, 2019). Students
should have the ability to solve problems whose main
goals of math learning are methods, procedures, and
strategies so far (Pujiastuti et al., 2014; Surya et al.,
2017). Mathematical problem-solving is an essential
skill in mathematical learning that helps students
improve understanding related to analytical thinking so
that it becomes critical and creative. (Hidayat &
Sariningsih, 2018a; Jones et al., 2014; Novita & Putra,
2016). Learning how to solve a math problem is learning
how to use mathematical thinking, to be explored, and
to use the appropriate knowledge. (Hendriana, Johanto,
et al.,, 2018). Therefore, the problem is using the
knowledge, skills, and understanding you have to solve
the problem in an unknown situation (Hendriana et al.,
2017; Hendriana, Hidayat, et al., 2018; Hidayat &
Sariningsih, 2018b; Isnaeni & Maya, 2014).

Students who like math and who have high abilities say
math is a fascinating subject, while those who have low
abilities say that studying it is boring, creating fear and
anxiety (Novriani & Surya, 2017). Some students feel
compelled to learn mathematics because they do not
understand the purpose of learning mathematics, and
the teacher does not provide exciting examples related
to mathematical concepts in everyday life (Khiat, 2010).

Low achievement is proof that students have difficulty
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solving mathematical problems characterized by
workmanship errors, which indicates that students are
not optimal in absorbing learning material information
(Widyastuti et al., 2017b). The implication is that
teachers must focus on the possible difficulties students
face when facing mathematical problems and solutions
(Yeo, 2009).

Several researches show that math is a complex subject
that many students have experienced at an educational
level (Wijaya et al.,, 2019). Understanding students'
difficulties in learning is the first step in designing and
managing math learning. (Ciltas & Tatar, 2011; Saleh et
al., 2018; Tambychik & Meerah, 2010; Wijaya, 2016;
Wijaya et al., 2014). In this regard, analyzing students'
difficulties may be the first step in improving students'
performance (Brodie, 2014; Mutohir et al., 2018;
Muttaqin et al., 2017).

Based on the explanation above, this study aims to
determine students' difficulty in solving mathematical
problems in linear program material. Teachers and
researchers can use this as a guide to plan a better
approach to produce a more meaningful teaching and
learning process.

2 METHOD

This descriptive qualitative research is done by
interpreting existing data to describe or provide a
picture as it is of a real-life phenomenon. Moleong
(2012) revealed that qualitative research is research
that intends to understand phenomena about what is
experienced by research subjects (e.g., behavior,
perceptions, motivations, actions that occur in the field,
etc., when the research is conducted) holistically and
using description. In this study, researchers will analyze
students' difficulties in solving mathematical problems
in linear program material according to the heuristic
Polya:
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This research was conducted at a high school in East
Java. The subjects of this study were students of class XI,
even in the semester of 2019/2020, who had studied
linear program material. Subject selection is done by
using purposive sampling, which is one of the non-
random sampling techniques where the researcher
determines the sampling by determining specific
characteristics that are by the research objectives so
that it is expected to answer the research problem. In
determining research subjects based on the previous
year's report card grades for mathematics lessons,
student grades are sorted from highest to lowest. From
the order of these values, the researcher then
determined students who were included in the high
category (80 <x < 100), the medium category (68 <x <
80), and the low category (x < 68), and based on teacher
recommendations. The subjects chosen in this study
were 6 students, namely two students with high ability,
two with medium ability, and two with low ability.

The research instrument was the researcher herself as
the main instrument; the researcher served as planning,
implementing, observing, collecting, interpreting, and
reporting the research results. The researcher as a
research instrument is an effort to obtain valid, valid,
and focused information on information to answer
research questions. In addition, researchers as
instruments make it easy to explore interesting
information. The instruments in this study were
supported by using supporting instruments namely
mathematics problem sheets, mathematical answer
sheets, and interview guidelines.

Data validity is a concept in qualitative research.
Moleong (2011: 330) states that to obtain and
determine relevant data, its validity is searched by using
data inspection techniques based on several criteria,
namely:

a. Credibility to obtain data done in such a way
that the data obtained can be trusted. In this
study, the data credibility test was carried out,
i.e. the researcher interviewed the subject
thoroughly and in detail (Qomariyah et al.,
2023).

b. transferability. Data transfer is carried out in
situations and conditions of the existing (still
raw) social research environment. In this study,
the transferability test carried out was to
describe in detail the ability of students to
understand linear material (Budiarti et al.,
2024).

c. dependability. The validity of the data obtained
is controlled by looking for evidence in social
realities that are done or held observations and
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re-interviews. Indeed, in this case, there are
many difficulties, because an event or event is
not repeated as before. But this is still being
done because it is very good to be used as a
balance. In this study, the dependability test is
done by conducting an audit of the entire
research process

d. confirmability to obtain objective data
possible, the data that has been obtained in
consultation with key informants. In this
research, the confirmability test is done by
digging into the actual data and not
manipulating the data

The data analysis process in this study is based on Miles
and Huberman, namely data collection, data reduction,
data presentation, and concluding. At the data
collection stage, subjects were given written test
qguestions and linear program material consisting of 2
guestions. Next, the subjects were asked to work on the
problem based on their ideas and thoughts. In
answering the questions, the research subjects were
given a maximum of 45 minutes. Furthermore, test
results are analyzed to diagnose any difficulties
experienced by students in solving mathematical
problems in linear program material and the causes of
these difficulties. The diagnosis results of several
research subjects are then checked and completed
through interviews conducted by researchers with each
subject to obtain oral and written data.

Data reduction is the process of summarizing, selecting
the main points, and simplifying data by removing
unnecessary and abstracting. Thus, the reduced data
will provide a clearer picture of the difficulties
experienced by students in solving mathematical
problemsin linear programming material and the causes
of these difficulties. The presentation of data is to
compile information in a certain way so that it can make
conclusions or take action. Presentation of data can be
done in the form of brief descriptions, charts,
relationships between categories, flowcharts, and the
like. Withdrawal of conclusions is the last step which
involves giving meaning to data that allows predictable
causal relations through empirical laws. The initial
conclusions put forward are still temporary and are said
to be valid if strong evidence is found to support them.
Then based on these conclusions, seek alternative
solutions that might be able to overcome these
problems.

3 Results and Discussion

The following is an analysis and table of the results of
tests and interviews about students' difficulties in
solving mathematical problems in linear program




material.

The study showed that competent students can solve
mathematical problems in linear program material
very well, even though the second student still made
mistakes at the stage of understanding the problem,
carrying out the planning of the settlement, and the
stage of looking back.

The second student does not write an example in
qguestion number 1 does not write what is known and
asked in question number 2, and makes a mistake in
counting the number 2 problem that causes an error
in the stage of looking back. However, the student in
the interview can explain very precisely. In this case,
it can be concluded that high-ability students have no
difficulty in solving mathematical problems in linear
program material.

Capable students are having a little difficulty in
solving mathematical problems in linear program
material. The first student does not write an example
in question number 1, makes a mistake
determining the sign of inequality in problem
number 2, and makes a mistake in determining the
solution area in problem number 1 so that it causes
an error at a later stage. At the time of the interview,
students can explain all the mistakes they made but
still look less confident in giving reasons. The second
student made a mistake in determining the solution
area in problem number 2. Therefore, it can be

in

concluded that students with moderate ability had
little difficulty in solving linear program problems.
This is by (Djadir et al., 2018a; Zulhendri et al., 2022)

Which states that students with moderate
mathematics achievement experience factual
difficulties

Students with low ability struggle to solve

mathematical problems in linear program material
(Abus & Usmiyatun, 2023; Choirudin et al., 2023;
Cholily, 2023). The first student can understand the
first problem and can transform it into a
mathematical model, but cannot carry out the
completion plan because he does not know the next
step that must be taken. In question number 2
students do not understand the problem so they
cannot solve it. While the second student did not
understand problem number 1 so they made a
mistake in making a mathematical model and could
not solve the problem. In problem number 2,
students do not write down what is known and asked
but can turn problems into mathematical models.
Therefore, students with low ability still experience
many difficulties in solving linear program problems.
This is by (Djadir et al., 2018b; Novianti & Priatna,
2019) which states that students with low
mathematics achievement experience difficulties
and obstacles in solving problems in mathematics
(factual, conceptual, operational, and principles) in
table 1.

Table 1. The Difficulty of High-Ability Students (First Student)

39

Polya Stages Indicators Writing Test and Interview Conclusion
Understand the a. Students cannot write down what is known Students write down and mention what  Students
Problem and asked. is known and what is asked of the two understand

b. Students can write what is known and asked questions correctly. the problem

but are still wrong in writing.
c.  Students can write what is known and asked
even though it is still incomplete.
Students can write what is known and asked
correctly and completely
Students cannot make mathematical models
based on what is known and asked from the
problem
Students can make mathematical models
based on what is known and asked from the
problem but are still wrong
c.  Students can make mathematical models
based on what is known and asked from the
problem but still incomplete
Students can make mathematical models
based on what is known and asked of the
problem properly
Students cannot write the solution
Students can write out the solution but
something is still wrong

Troubleshooting  a.
Planning

Carry out a.
Completion

Planning

Students write and explain how to make Students can

mathematical models based on what is change

known and asked of the two problems problems

correctly. into
mathematica
I models

tudents write and explain the steps in  Students can

completing the linear program of both determine
questions correctly and completely, their
namely how to draw graphs accordingto  problem-
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c.  Students can write the completion but it's still  mathematical models, determine corner  solving
incomplete points, and determine the maximum or strategies

d. Students can write the completion correctly minimum value of the objective function.  correctly.
and completely

Looking back a. Students do not check again Students have checked again correctly Students

b.  The student checks again but is still wrong have
Students check again, correctly checked
again
correctly
Table 2. The Difficulty of High-Ability Students (Second Student)

Polya Stages Indicators Writing Test and Interview Conclusion
Understand the a. Students cannot write down what is In question number 1, students do not write Students
Problem known and asked. down examples of many buses and minibusses,  understand

b.  Students can write what is known but they can explain them exactly. In question the problem
and asked but are still wrong in number 2, students can write and explain what
writing. is known and asked correctly.
c.  Students can write what is known
and ask questions even though they
are still incomplete.
d. Students can write what is known
and asked correctly and completely
Troubleshooting a. Students cannot make mathematical ~ Students write and explain how to make Students can
Planning models based on what is known and ~ mathematical models based on what is known change
asked from the problem and asked of the two problems correctly. problems into
b.  Students can make mathematical mathematical
models based on what is known and models
asked from the problem but are still
wrong
c.  Students can make mathematical
models based on what is known and
asked from the problem but still
incomplete.
d. Students can make mathematical
models based on what is known and
asked of the problem properly
Carry out a. Students cannot write the solution In problem number 1 students write and Students can
Completion b. Students can write out the solution explain the steps in completing the linear determine
Planning but something is still wrong program correctly and completely, namely how  their
c.  Students can write the completion to draw graphs according to mathematical problem-
but it's still incomplete. models, determine corner points, and solving
d. Students can write the completion determine the maximum or minimum value of strategies
correctly and completely the objective function. While in problem correctly.
number 2 students can write down the solution
even though there are still errors in counting,
but students can explain correctly.
Looking back a. Students do not check again Students check again but something is still Students are
b. The student checks again but is still wrong. not careful in
wrong. checking
c.  Students check again correctly again
Table 3. Difficulty of Medium Capable Students (First Student)

Polya Stages Indicators Writing Test and Interview Conclusion
Understand the a. Students cannot write down what is In question number 1 students do not Students
Problem known and asked. write down examples of many buses and understand the

b. Students can write what is known minibuses, but students can explain it problem
and asked but are still wrong in exactly. While in question number 2
writing. students can write and explain what is
c.  Students can write what is known known and asked correctly.
and asked even though it is still
incomplete.
d. Students can write what is known

and asked correctly and completely
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Troubleshooting
Planning

Carry out
Completion
Planning

Looking back

o

Students cannot make mathematical
models based on what is known and
asked from the problem

Students can make mathematical
models based on what is known and
asked from the problem but are still
wrong

Students can make mathematical
models based on what is known and
asked from the problem but still
incomplete.

Students can make mathematical
models based on what is known and
asked of the problem properly
Students cannot write the solution
Students can write out the solution
but something is still wrong
Students can write the completion
but it's still incomplete.

Students can write the completion
correctly and completely

Students do not check again

The student checks again but is still
wrong.

Students check again correctly

In problem number 1 students write and
explain how to make mathematical models
based on what is known and asked. While
in problem number 2 students can make
mathematical models even though there
are errors in determining the sign of
inequality, but students can explain how to
make a mathematical model and realize
mistakes in determining the sign of
inequality.

In problem number 1 students can write a
solution even though there is an error in
determining the set of settlement areas,
resulting in errors in determining the
corner point and determine the minimum
value of the objective function, but
students realize mistakes in determining
the set area and can explain it precisely. In
problem number 2 students can write and
explain the steps in completing the linear

program of the two questions correctly and

completely, namely how to draw graphs
according to the mathematical model,
determine the corner points, and
determine the maximum or minimum
value of the objective function.
Students have rechecked, but not
thoroughly

Students can
change problems
into mathematical
models

Students can
determine
problem-solving
strategies but are
not careful in
determining the
solution areas in
problem number
1.

Students have
rechecked, but
not thoroughly

Table 4. Difficulty of Medium Capable Students (Second Student)

Polya Stages Indicators Writing Test and Interview Conclusion
Understand the Students cannot write down what Students write down and mention what is Students
Problem is known and asked. known and what is asked of the two understand the

Students can write what is known questions correctly. problem

Troubleshooting
Planning

and asked but are still wrong in
writing.

Students can write what is known
and asked even though it is still
incomplete.

Students can write what is known
and asked correctly and
completely

Students cannot make

mathematical models based on

what is known and asked from the

problem

Students can make mathematical
models based on what is known
and asked from the problem but
are still wrong

Students can make mathematical
models based on what is known
and asked from the problem but
still incomplete.

Students write and explain how to make
mathematical models based on what is
known and asked of the two problems
correctly.

Students can
change problems
into mathematical
models




d. Students can make mathematical
models based on what is known
and asked of the problem properly

Carry out a. Students cannot write the solution In problem number 1 students write and Students can
Completion b.  Students can write out the solution  explain the steps in completing the linear determine problem-
Planning but something is still wrong. program correctly and completely, namely solving strategies,
c.  Students can write the completion how to draw graphs according to but they are still not
but it's still incomplete. mathematical models, determine corner very thorough
d. Students can write the completion points, and determine the maximum or
correctly and completely minimum value of the objective function. In
problem number 2 students can write down
the solution even though there is an error in
determining the set of settlement areas, it
results in an error in determining the corner
point and the maximum value of the
objective function, but students realize the
error in determining the set area and can
explain it precisely
Looking back a. Students do not check again Students have checked again, but there are Students have
b. The student checks again but is still  still errors. rechecked, but not
wrong. thoroughly.
c.  Students check again correctly
Table 5. Difficulty of Low-Ability Students (First Student)
Polya Stages Indicators Writing Test and Conclusion
Interview
Understand the a. Students cannot write down what is known and asked. In question number 1 Students do not
Problem b.  Students can write what is known and asked but are still  students can write what understand the
wrong in writing. is known and asked. In problem
c.  Students can write what is known and asked even question number 2
though it is still incomplete. students write what is
d. Students can write what is known and asked correctly known and asked, but it is
and completely still wrong
Troubleshooting a. Students cannot make mathematical models based on In problem number 1 Students have
Planning what is known and asked from the problem students write and explain  not been able to
b.  Students can make mathematical models based on what how to make change problems
is known and asked from the problem but are still wrong mathematical models into
c.  Students can make mathematical models based on what based on what is known mathematical
is known and asked from the problem but still and asked. Whereas at models
incomplete. number 2 students did not
d. Students can make mathematical models based on what  write mathematical
is known and asked of the problem properly models
Carry out a. Students cannot write the solution Students cannot write the  Students cannot
Completion b.  Students can write out the solution but something is still  solution write the solution
Planning wrong
c.  Students can write the completion but it's still
incomplete.
d. Students can write the completion correctly and
completely
Looking back a. Students do not check again Students do not check Students do not
b. The student checks again but is still wrong. again check again
Students check again correctly
Table 6. Difficulty of Low-Ability Students (Second Student)
Polya Stages Indicators Writing Test and Interview Conclusion
Understand the Students cannot write down what is known In question number 1 students Students do not
Problem and asked. can write what is known and understand the

Students can write what is known and asked
but are still wrong in writing.

Students can write what is known and asked
even though it is still incomplete.

Students can write what is known and asked
correctly and completely

asked but is still wrong in
writing it. Whereas in question
number 2 students do not write
down what is known and asked

problem
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Troubleshooting a.
Planning

Students cannot make mathematical models

based on what is known and asked from the

problem

b. Students can make mathematical models
based on what is known and asked from the
problem but are still wrong

c.  Students can make mathematical models
based on what is known and asked from the
problem but still incomplete.

d. Students can make mathematical models

based on what is known and asked of the

problem properly
Carry out a. Students cannot write the solution
Completion b.

Planning something is still wrong

c.  Students can write the completion but it's still

incomplete.

d. Students can write the completion correctly

and completely

Looking back a. Students do not check again

b. The student checks again but is still wrong.

c.  Students check again correctly

Students can write out the solution but

Students can
change problems
into mathematical
models, but there
are still errors

In problem number 1 students
write and explain how to make
mathematical models based on
what is known and asked but is
still wrong. While in problem
number 2 students write and
explain how to make
mathematical models based on
what is known and asked
correctly

Students cannot
write the solution

Students cannot write the
solution

Students do not
check again

Students do not check again

This research focuses on the difficulties experienced
by students in solving mathematical problems in
linear programming material and uses a qualitative
descriptive method based on the Polya heuristic. The
results of this research provide a clear picture of the
differences in levels of difficulty experienced by
students with different abilities. Students with high
abilities tend not to encounter significant obstacles
in solving contextual problems, while students with
medium and low abilities show various difficulties in
the problem-solving process.

Previous research supports these findings. For
example, a study by Lestari and Yudhanegara (2015)
found that students often had difficulty determining
the sign of inequality and the set of solution areas in
linear programming material. This is in line with the
findings of this research which shows that students
with  moderate abilities experience similar
difficulties. In addition, research by Nurhayati (2017)
shows that students often make mistakes in drawing
graphs and determining intersection points, which
was also found to be the main difficulty for students
with low abilities in this study.

Furthermore, this research recommends using the
Polya heuristic more concretely and systematically in
teaching. A study by Haji and Rahman (2018) shows
that this approach is effective in increasing students'
understanding of complex mathematical concepts.
By applying Polya's steps in varied practice sessions
and providing specific feedback at each stage of
problem-solving, students' understanding of linear
programming material can be significantly improved.

Overall, this discussion emphasizes the importance
of a systematic and concrete teaching approach in
helping students overcome difficulties in linear
programming. With the support of empirical
evidence from previous research, the
recommendations provided are expected to help
teachers in designing more effective teaching
strategies to increase student understanding.

4 Conclusion

Based on data analysis and discussion, it can be
concluded that subjects with high mathematical ability
have no difficulty in working on contextual problems in
Linear Program material, although the second subject
made a few mistakes in calculating the value of y due
to a lack of accuracy when working on the problem.
Meanwhile, subjects with medium mathematical
abilities have difficulty determining signs of inequality
and the set of settlement areas. Then, the subject of
low mathematical ability had difficulty making
mathematical models and determining the completion
area and the solution.

Solutions to overcome the occurrence of student
difficulties in solving mathematical problems in the
linear program material, namely: a) by paying attention
to the conclusions obtained, the teacher should, in the
teaching and learning process, introduce and explain to
students about problem-solving according to Polya's
heuristics to be applied in various problem-solving
exercises. b) student success in learning is not solely
determined by student factors alone but also by factors
outside the student, one of which is the teacher.

@llm
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Therefore, for further research, it is recommended that
research be conducted on the ability of mathematics
subject teachers in the school, which is used as a place
of research in applying problem-solving according to
Polya's heuristics in solving story problems.

It might cause students difficulties in solving story
problems according to Polya's heuristics because of the
low ability of teachers to apply the theory, so students
are not accustomed to using the problem-solving
stages according to Polya's heuristics in problem-
solving.
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