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Abstract: Understanding Students’ Struggles in Solving Mathematical Problems: A
Systematic Literature Review Using Polya’s Framework. Objective: This study aims to identify
the specific challenges faced by students in solving mathematical problems at each stage of Polya’s
problem-solving framework: understanding the problem, devising a plan, carrying out the plan, and
looking back. Methods: The research focuses on the context of mathematics education in Indonesia,
using a systematic literature review (SLR) methodology. A total of 48 articles published in accredited
journals (2019–2023) were systematically analyzed, based on inclusion criteria that involved Polya’s
framework, the education levels of elementary to high school, and mathematical problem-solving
contexts. Findings: Challenges at the understanding the problem stage include low motivation, lack
of concentration, poor reading literacy, weak mathematical communication, conceptual
misunderstandings, and reasoning deficiencies. In the devising a plan stage, students struggle with
cognitive gaps, misconceptions, weak connections between mathematical concepts, difficulties in
mathematical modeling, and lack of organizational skills. At the carrying out the plan stage, procedural
errors, misconceptions, and inaccuracy are the primary obstacles. Finally, at the looking back stage,
motivational issues, inadequate evaluation, errors in interpreting results, and lack of thoroughness
persist. Conclusion:  This research highlights the need for targeted teaching strategies, such as
strengthening students’ reading literacy, addressing misconceptions, and fostering deeper conceptual
understanding through collaborative and problem-based learning. Furthermore, the study emphasizes
designing interventions tailored to each stage of Polya’s framework to enhance students’ problem-
solving abilities in mathematics education.

Keywords: systematic literature review, mathematical problem solving, polya framework, student
challenges.
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 INTRODUCTION
The challenges faced by students in solving

mathematical problems have become one of the
main focuses in mathematics education research
(Klang et al., 2021; Tambychik & Meerah,
2010). The study of problem solving skills is

essential for students, because it not only improves
their mathematical understanding, but also
develops critical thinking skills (Varveris et al.,
2023). In addition, this ability also involves the
use of analytical thinking skills that help students
to understand problems in depth, plan effective
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solutions, and evaluate results, which are part of
these skills essential in almost all academic and
professional fields (Chand et al., 2021).

Moreover, the framework (Polya, 1978),
which outlines four steps in problem solving—
understanding the problem, planning a solution,
implementing the plan, and looking back—has
been widely adopted in the analysis of student
problem solving. Research results (Malikah,
2023; Perkasa & Astuti, 2022; Wahab, 2022)
showed that only students with high ability are
able to complete each stage of Polya, while
students with low ability almost all fail at each
stage of Polya. Other research (M. K. Wardhani
& Nduru, 2023) suggests that the stage is most
often forgotten as a result of which errors often
occur in both the results of the solution and the
formula used, whereas in research (Rachmawati
& Adirakasiwi, 2021) the percentage of student
achievement at the problem understanding stage
is the lowest. Furthermore (Prastiyo et al., 2023)
in their study stated that many students did not
make a solution plan and immediately wrote the
results of their answers. This shows that the
findings present different information in each study
he examined.

Primarily, students’ inability at the problem
solving stage shows that there are some challenges
that students face when solving problems (Wahab
A et al., 2023). In the process of student errors
in solving problems can be caused by problematic
parts of the cognitive structure, either because
they are disorganized, disconnected or have
cognitive holes (Buhaerah et al., 2023). For
example, (Hartuti & Firmansyah, 2023) found
that challenging students’ knowledge of the
required material is very important in students’
mathematical problem solving abilities, which play
a role in a unified and interconnected student
cognitive structure (Wahab A et al., 2022). A study
conducted (Ramadhani et al., 2024) suggests that
literacy skills are also a challenge for students in
understanding and planning solutions to

mathematical problems. His research notes that
students with good literacy may be more likely
to understand complex problems. Besides, the
findings (Sen, 2022) suggest that students’ ability
to solve mathematics problems is greatly
influenced by their motivation to learn,
achievement, self-confidence and their emotional
state about mathematics. Meanwhile, lack of
understanding of questions, forgetting concepts,
not mastering the steps in solving problems, not
being used to writing conclusions, and not being
able to translate questions into mathematical
models (Chand et al., 2021) low quality of
teaching, and lack of effective teaching methods
can be a factor in the lack problem solving
abilities.

Previous research has identified several
common challenges faced by students in solving
mathematical problems. While the Polya
framework has been widely applied, a systematic
review is still needed to synthesize the existing
literature and identify the specific difficulties that
students encounter at each stage. This research
aims to fill this gap by conducting a systematic
literature review (SLR) to synthesize information
on the challenges students face in solving
mathematics problems based on Polya’s
framework. The review focuses on studies
conducted in elementary, middle, and high
schools in Indonesia, with the goal of providing
a comprehensive understanding of these
challenges.

Overall, this research addresses a critical
need in mathematics education by systematically
reviewing and synthesizing literature on student
problem-solving challenges based on the Polya
framework. It is hoped that this study will provide
a deeper understanding of these difficulties and
offer practical recommendations for improving
mathematics education in Indonesian schools.
Based on the aforementioned description, the
research aims to answer the following research
questions:
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1. RQ1: What are the trends in student problem-
solving studies based on the Polya
framework?

2. RQ2: What factors contribute to students’
problem-solving difficulties at the
Understanding the Problem stage?

3. RQ3: What factors contribute to students’
problem-solving difficulties at the Devising a
Plan stage?

4. RQ4: What factors contribute to students’
problem-solving difficulties at the Carrying Out
the Plan stage?

5. RQ5: What factors contribute to students’
problem-solving difficulties at the Looking
Back stage?

 METHOD
This article is a systematic literature review

(SLR) which aims to synthesize information in the
field related to students’ challenges in solving
mathematics problems at school based on the
Polya framework.  This analysis can help map or
recommend future problem-solving research
priorities. Analysis of various publications will be
able to answer questions regarding research
problems and provide recommendations for
further research (Dang & Nguyen, 2024). Before
starting the review, a study protocol was
established, circulated to all authors, and
discussed until consensus was reached. The
systematic literature review process adopts
guidelines from the Cochrane Handbook for
Systematic Review Guidelines and Reporting
(Higgins & Green, 2023). The following
paragraphs describe the process in more detail.

Eligibility and Selection Criteria
Eligibility criteria include (i) studies that

focus on analyzing students’ difficulties in solving
mathematical problems based on the Polya
theoretical framework (ii) Studies conducted in
schools at the Indonesian Elementary School,
Middle School and High School levels. (iii)

Published in a SINTA-accredited journal from
the Ministry of Education and Culture of the
Republic of Indonesia or indexed by Scopus, (vi)
between 2019 and 2023. These eligibility criteria
are determined through abstract review and then
proceed to detailed full text. We excluded
theoretical articles due to the absence of empirical
data and results, in addition to protocols, non-
peer reviewed conference papers, opinion pieces,
news articles, informal reporting on students’
mathematical problem solving based on Polya
theory.

Data Source and Search Strategy
Researchers conducted a comprehensive

literature search using the electronic database
Publish or Perish 8 (Windows GUI edition). We
use the title words: “Analisis Pemecahan Masalah
Matematika” and “Mathematical Problem
Solving Analysis” then the keywords “Teori
Polya” and “Polya Theory” to cover all articles
published in Indonesian and English.

Data Management
Next, the RIS file from Perish Software is

downloaded and then imported into the
Covidence software management. This software
facilitates the systematic review process with an
intuitive interface, online team collaboration, and
supports important steps such as reference
screening and effective conflict resolution
(Babineau, 2014). All steps of the data
management process are carried out with
Covidence, the results of which are extracted into
a more systematic Excel spreadsheet. Covidence
has sought to ensure researchers conduct
systematic literature reviews in a more efficient
and organized manner (Cleo et al., 2019).

Study Selection
The process used for study selection is

detailed in the Preferred Reporting Items for
Systematic Reviews [PRISMA] flow diagram.
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All searches imported from Perish are processed
selectively including filtering the title, and if
necessary, the abstract, to determine relevance.
The remaining papers were further filtered based
on detailed inclusion/exclusion criteria developed
to guide the second step of the screening process

through covidence management. Each item was
screened by reviewers to determine eligibility
against inclusion criteria. Any conflicts were
resolved through discussion among the authors
until consensus was reached. In a small number
of cases, a third author wa consulted to intervene.

Figure 1. PRISMA flow diagram from covidence

Based on Figure 1, in total, 415 references
have been identified and 1 was excluded because
it was a duplicate of another reference.
Furthermore, 189 of the 414 references identified
were deleted because they did not match the
inclusion criteria at the title screening stage. This
process resulted in 225 items for further
examination. After accessing the full text of the
references, another 177 items were removed. The
reasons for this were no access (n = 7), not in
accordance with the research design (n = 90),

different analysis methods (n = 22), and published
only in the repository (n = 19), published in
proceedings (n =17), and published in other
database sources that are not indexed by Sinta
or Scopus (n=2). The final synthesis and analysis
included forty-eight (n = 48) peer-reviewed
journal article references.

Data Extraction and Analysis
Although data extraction would ideally be

performed by two independent reviewers, time
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and resource constraints require that data
extraction be mostly performed by one author.
However, it is in accordance with stringent
Cochrane systematic review guidelines (Higgins
& Green, 2023) to have at least two independent
reviewers extract at least the reported outcome
data. In cases where the results differed,
discussion followed until consensus was reached.
Study characteristics were identified by
conceptually weighing the included studies for the
following components: publication year, education
level, location, difficulty factors. Data were
analyzed thematically.

Quality Assessment
The quality of the included studies was

assessed based on the indicator criteria of the
JBI Critical Appraisal Checklist for Systematic
Reviews and Research Syntheses (Aromataris E,
Fernandez R, Godfrey C, Holly C, Kahlil H,
2017). This includes clear and explicit information
regarding the review question, appropriateness
of inclusion criteria, appropriate search strategy,
accuracy of resources used, appropriateness of

study assessment criteria, critical assessment by
two or more reviewers independently, methods
to minimize errors in data extraction, suitability
methods for combining studies, evaluation of
possible publication bias, support of policy and/
or practice recommendations by reported data,
and specific directions for new research. All of
these indicators are important to ensure that the
systematic review conducted is of good quality
and can be trusted. All authors were involved in
quality assessment and the results were compared
and discussed until consensus was reached.

 RESULT AND DISCUSSION
The main characteristics of 48 studies on

student problem solving in solving mathematics
problems based on Polya’s theory, which were
included in the systematic literature review are as
follows:

RQ1. What are the trends in student
problem-solving studies based on the Polya
framework?
RQ1.1. Study Based on Research Location
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Figure 2. Data study based on research location

Based on the data presented in Figure 2,
there is a striking imbalance in the distribution of
research on student errors in problem-solving
across various regions in Indonesia. Java emerges

as the primary research center, with 30 studies
representing 63% of the total research analyzed.
This dominance reflects the concentration of
educational resources and academic institutions
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in Java, making it the main focus for research on
mathematical problem-solving. In contrast,
Sumatra and Kalimantan together contribute 9
studies (19% of the total), indicating a significant
but much smaller contribution. Sulawesi recorded
6 studies (16%), while the regions of Maluku,
Papua, and Nusa Tenggara collectively
contributed only 3 studies (6%).

This geographic imbalance highlights the
need to expand research efforts to less represente
regions. For example, a study by (Perkasa &
Astuti, 2022) conducted in Java explored high
school students’ challenges with trigonometry,
particularly in understanding and planning
solutions. Meanwhile, research in Sulawesi, such
as that by (Buhaerah et al., 2023), revealed
cognitive errors made by students in solving

mathematical problems, reflecting the unique
context and challenges faced outside of Java.
However, regions like Maluku, Papua, and Nusa
Tenggara remain severely underrepresented in this
research. The concentration of research in Java
risks overlooking the diverse educational contexts
and challenges faced by students in other areas.
Bridging this gap is crucial to developing a more
comprehensive understanding of students’
problem-solving abilities throughout Indonesia.
Future research should prioritize exploring the
unique cultural, educational, and socio-economic
factors that influence students in less studied
regions, thus supporting a more equitable and
inclusive educational insight.

RQ1.2 Studies by Year of Publication

3 3

10

18

14

0

5

10

15

20

2019 2020 2021 2022 2023

6%
6%

21%

38%

29%

2019

2020

2021

2022

2023

Figure 3.  Data studies by year of publication

Based on the data presented in Figure 3,
the trend in research publications shows a
significant increase from 2019 to 2023. In 2019
and 2020, the number of studies published was
relatively low, with only 3 studies each, accounting
for around 6% of the total research. However,
there was a notable surge in 2021, with 10 studies
published (21%), peaking in 2022 with 18 studies
(38%). In 2023, the number of studies slightly
decreased to 14 studies (29%), though it
remained higher compared to previous years.
Overall, these data indicate a significant rise in

research interest regarding the analysis of
students’ errors in solving mathematical problems,
particularly in the last two years. Despite the slight
decline in 2023, the consistent increase in
publications during 2021 and 2022 highlights a
growing focus on this area of research.

The decrease in publication numbers in
2023 (29%) could be attributed to several factors,
such as the annual publication cycle or a shift in
research interests among scholars, who may have
started exploring new topics or alternative
approaches to mathematical problem-solving. For
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instance, research by (Malikah, 2023) on
arithmetic sequences demonstrates a shift in focus
towards analysis based on the Polya framework,
which had previously been applied to other topics.
Thus, while there was a slight decline, the

sustained interest in analyzing errors in problem-
solving remains strong and relevant in the context
of mathematics education.

RQ1.3 Study by Education Level
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Figure 4. Data study by education level

Based on the data shown in Figure 4,
research on student errors in problem-solving
predominantly focuses on secondary education
levels. Specifically, 24 studies (58% of the total
studies) were conducted at the junior high school
level, indicating a strong emphasis on this age
group. The senior high school level accounts for
11 studies (27%), while the elementary school
level is represented by only 6 studies (15%). These
figures demonstrate a clear trend of more
research being conducted on middle school
students, followed by high school students, with
the least focus on elementary school students. This
distribution may reflect the unique challenges
faced by middle school students, particularly in
terms of developing problem-solving skills and
foundational knowledge. Additionally, it highlights
the need for more targeted interventions at this
educational stage to address these challenges.

The prevalence of research focused on
junior high school students suggests that they
encounter significant obstacles in problem-
solving, particularly at the initial stages. For
example, (Rachmawati & Adirakasiwi, 2021)

found that the Understanding the Problem stage
was the most difficult for junior high school
students, especially due to difficulties in reading
literacy and grasping basic concepts. This may
be because students at this stage are transitioning
from concrete to more abstract mathematical
thinking, making it harder for them to comprehend
complex problems. In contrast, only 15% of the
research targeted elementary school students,
even though studies like (Hartuti & Firmansyah,
2023) emphasize the importance of mastering
basic concepts at this level. Mastery of these
foundational skills in elementary school is crucial
for students’ future problem-solving abilities, as
it lays the groundwork for more advanced
mathematical thinking in higher education
levels.

RQ1.4 Study Based on Mathematics Topic
Based on the data presented in Figure 5,

the distribution of studies reveals that algebra is
the most frequently researched topic, particularly
at the junior high school level, followed by high
school, with only a small proportion of studies



1735                                             Wahab A et al., Understanding Students’ Struggles in Solving...

focused on elementary school students. The topic
of numbers is also widely explored at the middle
school level, with notable contributions from
elementary school research, while high school
studies on this topic are relatively few. Geometry
and measurement topics are fairly evenly
distributed between middle and high school levels,
with only a minimal focus at the elementary school
level. The study of calculus appears exclusively
at the high school level, reflecting its relevance to
more advanced mathematical education. Data
analysis and probability are more commonly
explored at the middle and high school levels,
with a limited amount of research at the elementary
school level.

Overall, these findings indicate that the
majority of research focuses on algebra and
number topics at the middle school level, while

geometry and measurement also receive
significant attention. In contrast, advanced topics
such as calculus and data analysis are less
frequently studied and are primarily addressed in
higher education contexts. For example, (Chand
et al., 2021) highlight the dominance of algebra
as a key research topic at the junior high school
level. However, areas such as calculus and data
analysis are often underexplored, despite their
importance for high school students. Further
studies are needed to investigate the
interconnections between these topics and their
collective contribution to the development of
problem-solving skills in mathematics. Expanding
research on these advanced topics may provide
valuable insights into how to better support
students’ mathematical development as they
progress through their education.

Figure 5. Data study based on mathematics topic

RQ2. What factors contribute to students’
problem solving difficulties at the
Understanding the Problem (UP) stage?

The stage of understanding students’
problems is an initial stage that requires students
to understand the problem statement well, identify
known and asked information, as well as other
important information (Anggo, 2011; Polya,

1978). Students are considered capable at this
stage if they are able to compile instructions for
the problem by entering the information that has
been given and the questions asked in the problem
accurately (Sinaga et al., 2023). This research
shows that the challenges in the understanding
the problem stage are very complex and involve
various aspects as shown in figure 6 such as
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motivation, concentration, reading literacy,
mathematical communication, conceptual
understanding, and reasoning. The following are
the key findings identified through citation analysis
of related articles:

UP-Motivation and Enthusiasm
Several studies show that quite a few

students view mathematics as a very difficult
subject, which makes them feel defeated before
starting to learn. Students often consider

Figure 6. Selective results of problem solving coding at the understanding the problem stage

mathematics questions to be difficult, which
reduces their enthusiasm for trying to understand
the problem. Apart from that, the lack of
motivation causes students to quickly give up
before trying to solve the problem (Asdamayanti
et al., 2023). Bad mood and low motivation have
a negative effect on students’ attention and
responsiveness to questions (Mangarin &
Caballes, 2024). Some students showed
reluctance to try to understand the question text
in its entirety, which could be seen from errors in
interpreting the problem due to thinking the

question was too difficult (Lilisantika &
Roesdiana, 2023).

UP-Concentration and Meticulousness
In the studies reviewed, many students were

often not careful when reading the questions,
which caused errors in writing down the
mathematical model of the question information.
This lack of accuracy is often triggered by a lack
of habit of recording what is known and what is
asked before solving a problem (Martin &
Kadarisma, 2020). Even though they master
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basic concepts, some students still have to be
more careful in understanding the sentences in
the questions to avoid mistakes.

UP-Reading Literacy
These studies also show that many students

still have difficulty understanding complex question
texts. They are often unable to obtain important
information from the questions given, which
causes their answers to be inaccurate. The
inability to understand what is being asked and
what is known in the question often causes
students to be confused (Nanda Muliawati &
Sutirna, 2022). Some students are able to read
the problem but do not know what problem to
work on, which shows a lack of understanding
of the information provided (Syavira & Novtiar,
2021). This study also shows that errors in
interpreting the language of the questions often
occur, especially in story questions which require
a deeper understanding of the narrative and
questions given (Ade et al., 2021).

UP-Mathematical Communications
This study shows that many findings show

that students often experience difficulty in writing
mathematical models of story problems. They
often know the problem presented but cannot
describe what information they know and ask in
mathematical form (Djawa et al., 2019; Taneo
& Kusumah, 2021). Some students who already
understand the problem are still unable to write
or express the general form of the required
equation or inequality correctly (Martin &
Kadarisma, 2020). For example, writing
mathematical examples, units, set notation and
so on. 

UP-Mathematical Concepts
Lack of understanding of the mathematical

concepts underlying the material being tested
causes students to be unable to interpret terms,
facts, concepts and principles correctly (Nanda

Muliawati & Sutirna, 2022). This is often the main
cause of errors in the problem understanding
stage. Some students show a weak understanding
of certain materials such as sets, which causes
errors in solving questions related to that material
(Anggraeni & Kadarisma, 2020; Fitriyana &
Sutirna, 2022).  Symptoms of pseudo-thinking
were also found, namely that students often had
difficulty understanding problems because the
format of the questions was not as usual in class,
such as mathematical problem solving story
questions followed by questions after the story
was finished (Wahab, 2022).

UP-Reasoning
Students often have difficulty determining

the conditions needed to solve problems (Debora
Simbolon et al., 2022). They cannot gather the
information contained in the question and have
difficulty describing statements of known facts
(Fitriyana & Sutirna, 2022). Students often
misidentify the question in the question or fail to
pay attention to important elements in the question,
resulting in an inability to understand the meaning
of the question correctly (Rohmah et al., 2023).
Many students need additional guidance to find
the necessary information in a problem and
understand the meaning of a given problem.

This study highlights that students face
various challenges in understanding mathematical
problems, influenced by factors such as
motivation, concentration, reading literacy,
mathematical communication, conceptual
understanding, and reasoning. Motivation and
engagement play a critical role in students’ ability
to interact with and comprehend mathematical
tasks. For instance, a study in Ningbo, China,
found that many students exhibit avoidance
behaviors, driven by the perceived difficulty of
mathematics and its lack of relevance to real-life
contexts (Mengyao et al., 2024). Similarly,
(Cahyani et al., 2024) revealed that 50% of
students reported low motivation levels,
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underscoring the need for effective motivational
strategies to enhance learning outcomes. Without
sufficient motivation, students are less likely to
invest the effort needed to interpret and solve
mathematical problems effectively.

Low motivation often compounds with
anxiety, which poses significant cognitive barriers
to learning mathematics. Research by (Avita
Salsabila et al., 2024) suggests that this anxiety
often stems from a belief that mathematics is
inherently difficult, further discouraging students
from engaging deeply with problems. These
factors collectively hinder students’ ability to
concentrate, extract essential information from
texts, and apply logical reasoning to solve
problems. Reading literacy is another crucial
factor affecting students’ understanding of
mathematical problems. Poor literacy skills hinder
students from effectively interpreting problem
texts, making it difficult to identify key information.
This aligns with findings by (Tambychik &
Meerah, 2010) and (Eysenck & Keane, 2015),
which emphasize that students with limited literacy
skills struggle to comprehend problem contexts,
thereby impairing their problem-solving abilities.
On the other hand, students with strong literacy
skills, as shown by (Chand et al., 2021)

and (Perkasa & Astuti, 2022), are better
equipped to process mathematical problems,
enabling them to achieve higher levels of
performance.

To address these challenges, it is essential
to create a supportive learning environment that
fosters motivation, reduces anxiety, and
strengthens students’ literacy skills. Teaching
methods that connect mathematics to real-life
contexts can enhance students’ engagement, while
confidence-building activities and relaxation
techniques help alleviate math-related anxiety.
Encouraging mathematical communication—such
as rewriting and analyzing key problem clues—
combined with a focus on conceptual
understanding and reasoning, equips students with
essential tools for effective problem-solving.
Beyond individual factors like motivation and
literacy, systemic issues such as curriculum
complexity and testing pressures must also be
addressed to ensure a balanced approach that
promotes both foundational skills and students’
comprehensive development.

RQ3.  What factors contribute to students’
problem solving difficulties at the Devising
A Plan stage?

Figure 7. Selective results of problem solving coding at the devising a plan stage
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After thoroughly understanding the
problem, students must transition to the devising
a plan stage (Suharti et al., 2021)). With
information about what is being asked and what
is known, students need to think about strategies,
methods, formulas and procedures that they will
use to overcome the problem (Purba & Lubis,
2021; Ramadhani et al., 2024). The studies
reviewed show that the challenges in the planning
stage of problem solving are very diverse and
involve various aspects as seen in figure 7 such
as understanding concepts, connections between
concepts, mathematical modeling, and strategic
organization. The following are the key findings
identified through citatioanalysis of related articles:

DP-Cognitive Holes
This study showed that students who do

not fully understand the basic operating concepts
of mathematics lead to wrong decisions and
ineffective planning (Suharti et al., 2021; Wahab,
2022).  Students still often have difficulty
remembering and determining formulas related to
material that they have not fully understood even
though it is already material that they have gone
through (Nurhayati & Zanthy, 2019; Rahmawati
& Warmi, 2022). This shows that there is a hole
in the understanding of basic mathematical
concepts. Another sign found is that students are
often only able to make part of the solution plan
but not the complete one. In researching existing
studies, it turns out that this is due to prerequisite
mathematical knowledge that is not fully
understood, causing ignorance about the steps
that must be taken next (Fitriyah & Haerudin,
2021).

DP-Misconceptions
Beside the cognitive holes, misconceptions

also often occur when students devise a plan and
misunderstand the concept of the material (Suharti
et al., 2021). For example, when students directly
create mathematical models which are often

inaccurate because they do not write down the
constants or values   for each equation, they make
mistakes in choosing the formula or concept used
(Lilisantika & Roesdiana, 2023; Syavira &
Novtiar, 2021). Conceptual errors cause students
to misinterpret the solution plan. For example,
students mistakenly consider an arbitrary triangle
to be an equilateral triangle, which causes errors
in planning calculations (Wahab A et al., 2023).

DP-Connection of Mathematical Concepts
Students often fail to relate the various

necessary concepts (Asdamayanti et al., 2023),
they often have difficulty identifying the right
method to use, resulting in an incorrect or
inefficient approach (Putri et al., 2022). For
example, while students understand how to solve
linear equations and basic geometric concepts
separately, when faced with problems that
combine these two concepts, they often do not
know how to connect geometric formulas with
linear equations to find solutions (Wahab, 2022).
This can cause them to choose irrelevant steps
or skip important steps in solving the problem.

DP-Mathematical Modeling
Students have difficulty creating appropriate

mathematical models, which results in the solution
procedure not obtaining correct results
(Fitrianingsih & Budiman, 2022; Khadijah &
Munandar, 2022). They are also often unable to
formulate mathematical problems correctly
(Debora Simbolon et al., 2022). Students have
difficulty analyzing the facts contained in the
questions and relating them to relevant
mathematical concepts (Mutmainah et al., 2023).
For example, they cannot relate a given problem
to the concepts they have learned to create a
three-variable linear equation. They are often
confused in determining the formulas and steps
to be used in solving problems because they are
not yet able to model cases in the form of
mathematical equations (Ade et al., 2021).
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DP-Organization
Students often go straight to problem

solving without writing down a plan or strategy
to be used. They tend to work on questions
directly without planning the solution first (Lastin
et al., 2023; Martin & Kadarisma, 2020). In
systems of linear equations, for example, students
tend to often use a trial and error approach by
assuming a problem and adding up the known
information without using appropriate elimination
or substitution methods (Lilisantika & Roesdiana,
2023). Students are not used to developing
strategies first before solving problems. They often
start working on questions without planning the
necessary steps (Martin & Kadarisma, 2020).

The difficulties students face in designing a
plan for solving mathematical problems are rooted
in cognitive gaps, misconceptions, and challenges
in connecting mathematical concepts. These
issues often stem from a lack of deep
understanding of fundamental mathematical
principles, which significantly impacts their ability
to develop effective solution plans. Research
indicates that many students struggle to recall
relevant formulas, especially for topics they have
not fully understood, resulting in incomplete or
incorrect plans (Kurniawati, 2024; Samosir et al.,
2024). Misconceptions further complicate the
process, as students may misapply formulas or
misinterpret concepts such as geometric
properties, leading to errors in their mathematical
models (S. I. Ani & Rosyidi, 2021; Tririnika et
al., 2024). Additionally, difficulties in connecting
mathematical concepts present a major obstacle,
particularly when solving complex problems that
require integrating various approaches. For
instance, the inability to link linear equations with
geometric concepts may lead to missing or
irrelevant steps in the problem-solving process
(Cohen & Cohen, 2024; Kurniawati, 2024).

These cognitive challenges highlight the
importance of establishing strong connections
between mathematical concepts and modeling
skills, as identified in research by (Klang et al.,

2021). Their findings suggest that the ability to
connect different concepts is crucial for effective
problem-solving since misconceptions and
cognitive gaps hinder students’ ability to plan
solutions. Studies by (Buhaerah et al., 2023) and
(Perkasa & Astuti, 2022) further support this
notion, emphasizing that misconceptions are a
primary barrier to successful problem-solving.
Moreover, findings by (NCTM, 2020) reveals
that a lack of deep understanding of mathematical
concepts is a significant factor contributing to
students’ struggles in devising solutions. On the
other hand, students with a solid understanding
of fundamental mathematical concepts are better
equipped to plan and implement effective solutions
(Mutawah et al., 2019).

To support students in this process, the
ability to organize and structure plans is equally
essential. This skill is critical because it allows
students to approach problem-solving
systematically and logically (Polya, 1978).
Therefore, a combination of organizational skills,
a solid understanding of mathematical concepts,
and the ability to connect these concepts plays a
pivotal role in enhancing students’ ability to
develop effective solution plans for mathematical
problems.

RQ4. What factors contribute to students’
problem solving difficulties at the Carrying
Out The Plan (CP) stage? 

After preparing the plan, the next stage is
carrying out the plan that was formulated in the
previous step (Khairunnisa & Ramlah, 2021).
They start solving problems by using correctly
selected strategies, methods and procedures
(Pradana & Murtiyasa, 2020). Figure 8 shows
that the challenges in the implementation stage of
the plan are very varied and involve various
aspects such as understanding concepts,
misconceptions, algorithms or calculation
procedures, and accuracy. The following are the
key findings identified through citation analysis of
related articles:
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Figure 8. Selective results of problem solving coding at the Carrying Out the Plan (CP) stage

CP-Cognitive Holes
Almost the same as at the DV stage,

cognitive holes influence students in executing the
solution plans that have been made. For example,
students who have a poor understanding of basic
operations such as addition, subtraction,
multiplication, or division, they have difficulty
making plans involving these operations
(Sumartini et al., 2023). The rules relating to
arithmetic operations involving mixed whole
numbers and fractions, or units of measurement,
which should have been mastered because they
are fundamental, still cannot be fulfilled. This
results in incorrect or incomplete final answers. 

CP-Misconceptions
Several studies show that students often try

to solve mathematical models incorrectly from the

start, such as not balancing the denominators in
fraction operations, incorrectly determining value
limits, and errors in calculating algebraic additions.
Errors in selecting and using the correct formula,
such as errors in writing power formulas in
derivative material or determining larger fraction
values (Sholekah et al., 2017; Utami & Hakim,
2023). This shows that misconceptions are still
an obstacle at this stage.

CP-Algorithms or Calculation Procedures
Other studies show that students also often

make mistakes in applying the System of Linear
Equations (SLE) concept (Puspita et al.,
2022). Often this happens when students fail to
execute the correct steps or procedures in
working on questions, which causes algorithm
and calculation procedure errors (Martin &
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Kadarisma, 2020). For example, errors in
entering data or calculation errors in carrying out
plans that have been made (Debora Simbolon et
al., 2022). Students are often confused about
continuing to solve problems after starting
calculations, especially when they do not write
mathematical examples or models correctly.

CP-Meticulousness
In several studies, almost all of them stated

that the thoroughness factor was an obstacle to
student success at this stage. Students are often
less careful when working on questions, which
causes errors in calculations. This inaccuracy is
caused by haste and lack of focus when working
on questions (Rachmawati & Adirakasiwi,
2021). Errors in the calculation process often
occur in mathematical operations. Students who
are less careful often make mistakes in adding
variables or identifying Venn diagram images
(Anggraeni & Kadarisma, 2020; Fitriyah &
Haerudin, 2021). This lack of precision causes
students who are otherwise capable of higher
level thinking to be sloppy in their calculations,
which is unfortunate because they do not reach
the correct answer.

This study found that understanding
algorithms and calculation procedures, as well as
maintaining accuracy, were significant obstacles
to student success at this stage. This aligns with
research by (Chand et al., 2021), which highlights
that students’ inability to execute algorithms and
follow calculation procedures often impedes their
problem-solving abilities. Such difficulties are
commonly attributed to gaps in conceptual
understanding or misconceptions, as supported
by (Hartuti & Firmansyah, 2023), who found that
students struggle to apply basic concepts they
have learned effectively. Similarly, the (National
Research Council, 2001) emphasizes that
students who lack a strong grasp of calculation
procedures are prone to making mistakes when
carrying out their solutions.

In addition, research by (Altbawi et al.,
2023) and (Dörner & Funke, 2017) reveals that
insufficient thoroughness in applying plans is often
the result of limited practice and experience in
solving complex problems. The challenges
students face in mastering algorithms and
calculation procedures are crucial barriers to their
problem-solving performance. These challenges
are compounded by misconceptions and
cognitive gaps, which hinder students from
successfully applying learned concepts, as
reflected in various studies emphasizing
the importance of a strong understanding
of algorithms for effective problem-
solving.

Misconceptions related to algorithms can
lead to significant errors in problem-solving. For
example, (Danielsiek et al., 2012) analyzed 400
exams and identified common areas where
students misunderstood algorithmic procedures.
A lack of thoroughness in implementing algorithms
is often linked to inadequate practice, as seen in
studies examining the challenges faced in
algorithmic MOOCs (Babori, 2020). Effective
problem-solving requires not only an
understanding of algorithms but also the ability to
apply them systematically. This skill can be
developed through collaborative efforts
and hands-on experience, as discussed by
(Nursania Simbolon & Yahfizham Yahfizham,
2023)

While understanding algorithms is essential,
some argue that an overemphasis on procedural
knowledge may detract from fostering creativity
and critical thinking in problem-solving. This
perspective advocates for a more balanced
approach in educational settings that encourages
both technical proficiency and creative problem-
solving skills.

Looking Back (LB) stage?
students’ problem solving difficulties at the
RQ5.  What  factors  contribute  to 
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Figure 9. Selective results of problem solving coding at the Looking Back (LB) stage

The final stage is the looking back in which
students review their answers to ensure the steps
taken are correct (E. U. Ani & Rahayu, 2018).
If differences are found, they can revise the
solution. This stage is very important because it
teaches students to be thorough and careful in
their work (Schoenfeld, 1985). Based on Figure
9, this research shows that the challenges in the
looking back stage are very varied and involve
various aspects such as motivation, evaluation,
interpretation of results, and accuracy. The
following are the key findings identified through
citation analysis of related articles:

LB-Motivation and Enthusiasm
Motivational issues significantly hinder

students during the Looking Back stage. Many
students perceive reviewing their answers as
unnecessary or time-consuming, often relying on
misplaced confidence in their initial responses

(Rachmawati & Adirakasiwi, 2021; A. K.
Wardhani et al., 2022). This reluctance to revisit
their work results in undetected errors, as they
fail to verify their solutions (Lilisantika &
Roesdiana, 2023). For instance, research by
(Martin & Kadarisma, 2020) notes that students
often omit writing conclusions or conducting re-
evaluations because they underestimate the
importance of these steps. To address this,
educators should emphasize the value of reflection
as an integral part of problem-solving and provide
structured guidelines to help students develop this
habit.

LB-Evaluation
A common challenge in this stage is students’

inability to effectively evaluate their work. They
often lack the skills to systematically check their
answers, such as substituting their solutions back
into the original equation or verifying whether their
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results align with the problem’s requirements
(Mutmainah et al., 2023). This aligns with findings
by (Halawati, 2023; Putri et al., 2022), hich reveal
that many students complete problem-solving
tasks without confirming the validity of their
results. Addressing this requires explicit teaching
of evaluation techniques, including error-checking
methods, and their incorporation into regular
practice. This approach not only reinforces
students’ evaluative abilities but also promotes
critical thinking and systematic assessment skills,
as highlighted by (Leviton et al., 1998) and
(Elmgrab, 2016)

LB-Result Interpretation
Students frequently struggle with interpreting

and articulating their results. Many fail to write
clear conclusions, misrepresent their answers, or
overlook the problem’s requirement (Siregar et
al., 2021; Syavira & Novtiar, 2021). They also
face difficulties in translating mathematical findings
into everyday language, which often leads to
incomplete or incorrect responses (Utami &
Hakim, 2023). For example, research by (Syavira
& Novtiar, 2021; A. K. Wardhani et al., 2022)
indicates that a lack of clarity in interpreting and
representing results is a recurring issue in
mathematical problem-solving. Educators can
mitigate this by encouraging students to verbalize
their thought processes and conclusions, fostering
better mathematical communication skills.

LB-Meticulousness
At this stage, students often fail to carefully

recheck their calculations and results, which leads
to errors in their final answers. This lack of
accuracy is frequently caused by rushing or
insufficient practice in the review process
(Yusupova & Tokhtasinova, 2022). Errors in the
checking process typically occur when students
overlook small mistakes in their calculations or
reasoning. These errors could have been avoided
with more thorough checking (Yustiara et al.,

2021). Inadequate attention to detail during the
looking back stage often results in missed errors,
whether in calculations or logical reasoning. This
lack of precision is often linked to hastiness and
limited practice in identifying and correcting
mistakes. Studies, such as those by (Wahyuni et
al., 2022; Yustiara et al., 2021), show that even
skilled students may fail to catch minor errors due
to carelessness. To address this, it is essential to
develop the habit of carefully reviewing work,
supported by strategies like checklists, which can
help guide students through the review process
step by step.

This study shows that motivation,
evaluation, result interpretation, and
meticulousness are the main factors that hinder
students at this stage. Motivation is a key
determinant of student performance in
mathematics, as demonstrated by (Lishchynska
et al., 2023), who found that motivated students
perform better in mathematics service modules.
A lack of motivation can cause students to neglect
re-checking their answers, leading to recurring
mistakes (Fuji Amanda et al., 2024). Students
often overlook the importance of evaluating their
work, resulting in inaccuracies in their outcomes
(Dwita & Retnawati, 2022). (Eccius-Wellmann
et al., 2019) highlight that overconfidence in one’s
abilities can lead to performance misjudgment,
which exacerbates the problem of uncontrolled
errors.

Teaching students to evaluate and review
their work is crucial for improving their
mathematical problem-solving skills (Chang et al.,
2022). Innovative teaching strategies that
enhance motivation and engagement can help
address these challenges (Fuji Amanda et al.,
2024). On the other hand, while motivation is
important, some argue that external factors, such
as the quality of teaching and curriculum design,
also play a significant role in student performance,
indicating the need for a multifaceted approach
to improving educational outcomes.
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Figure 10. Selective results of problem solving coding based on Polya theory

From the findings organized based on the
four main steps in the Polya framework
Understanding the Problem, Planning the
Solution, Implementing the Plan, and Looking
Back (Figure 10)—this study has highlighted the
complex challenges students face in solving
mathematical problems. These findings suggest
that teaching strategies need to be tailored to
address the specific barriers at each stage of
problem-solving.

There are several key aspects in education
that need attention. First, teacher education and
training should be enhanced to equip educators
with the skills to identify and address the various
difficulties students face in problem solving.
Specifically, teaching strategies should be
developed to strengthen students’ understanding
of mathematical concepts and improve their ability
to apply them correctly in problem-solving
situations. For example, at the Understanding the
Problem stage, enhancing reading comprehension
is crucial for helping students extract relevant
information from word problems, reducing
misunderstandings (Gopinath & Lertlit, 2022).
Furthermore, teaching strategies should focus on
contextualized problems that relate to students’
everyday experiences, which can increase

motivation and engagement (Simarmata & Lailin
Hijriani, 2020). At the Planning the Solution stage,
emphasizing the interconnections between
mathematical concepts, such as algebra and
geometry, can help students formulate effective
plans (Siswanto & Yulaikah, 2023). Approaches
like problem-based learning and collaborative
learning can deepen students’ understanding and
reduce misconceptions (Al-Ihsan et al., 2023).
Moving to the Implementing the Plan stage,
techniques that guide students through step-by-
step execution of strategies can help ensure
accuracy and prevent oversight (Martínez-
Padrón, 2021). Structured methods such as
checklists can promote meticulousness during this
stage (Simarmata & Lailin Hijriani, 2020). Finally,
at the Looking Back stage, teaching approaches
should encourage students to evaluate and reflect
on their work to identify errors and improve
accuracy (Siswanto & Yulaikah, 2023). Peer
reviews can enhance this reflective process,
fostering a collaborative learning environment (Al-
Ihsan et al., 2023).

Second, curriculum development should
focus on strengthening students’ basic reading
literacy and foundational mathematical skills.
Integrating more problem-solving exercises
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related to real-life situations will not only make
math more relevant but also increase student
engagement. For instance, incorporating
contextual problems related to students’ everyday
lives can boost their motivation and help them
see the practical applications of math. Adopting
diverse learning approaches, such as problem-
based learning and collaborative learning, can
help students better understand concepts and
reduce misconceptions (Chang et al., 2022;
Cheng et al., 2021). By encouraging active
collaboration, students will have the opportunity
to share strategies and clarify misunderstandings,
which is highly beneficial during the Planning the
Solution and Implementing the Plan stages.

However, this study has several limitations.
The systematic literature review conducted for
this study relied on the quality and availability of
the studies reviewed. Limitations in these studies
may have influenced the findings, especially if
critical factors or insights were overlooked.
Additionally, this research did not account for
external factors such as family support, socio-
economic conditions, and the learning
environment, all of which can affect students’
problem-solving abilities. Research by (Eccius-
Wellmann et al., 2019) and (Dwita & Retnawati,
2022) shows that family and school support, as
well as a positive learning environment, can
enhance students’ motivation and performance
in mathematics. Therefore, further research is
needed to explore these external factors more
thoroughly and examine how they interact with
students’ cognitive and motivational processes.
This could provide a more comprehensive
understanding of what influences problem-solving
abilities, enabling more targeted interventions
across different contexts.

 CONCLUSION
This study successfully identified several

factors that hinder students in solving
mathematical problems based on Polya’s
framework. At the Understanding the Problem

stage, key obstacles include low motivation, lack
of concentration, poor reading literacy, weak
mathematical communication, inadequate
understanding of mathematical concepts, and poor
reasoning skills. At the Planning the Solution stage,
cognitive gaps, misconceptions, weak
connections between mathematical concepts,
incorrect mathematical modeling, and inadequate
data organization skills emerge as major
challenges. During the Implementing the Plan
stage, difficulties in correctly applying algorithms
and calculation procedures, along with cognitive
gaps, misconceptions, and a lack of accuracy,
often result in errors. Finally, at the Looking Back
stage, lack of motivation, enthusiasm, and
thoroughness in reviewing work, as well as the
inability to effectively interpret and evaluate
results, lead to undetected errors.

The findings of this research have significant
implications for teaching strategies. Educators
need to enhance students’ reading literacy and
basic mathematical skills, as well as develop
effective teaching methods to address
misconceptions and cognitive gaps. The adoption
of problem-based learning and collaborative
approaches can help students better understand
mathematical concepts and reduce
misconceptions. Furthermore, teaching reflective
skills is essential, enabling students to revisit their
work, thereby improving their accuracy and
problem-solving performance.

This study has several limitations, including
reliance on the quality and availability of previous
studies. External factors such as family support,
socio-economic conditions, and the learning
environment were not explored in depth.
Therefore, further research is needed to
investigate these additional factors that may
influence students’ problem-solving abilities in
various contexts
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