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ABSTRACT

Problem-solving in math is still a problem today. Studies show that students still make mistakes
in answering math problems. Errors in answering the questions indicate that there is
fragmentation in the thinking structure of students. This article uses a systematic review
method. Researchers selected articles according to the criteria and found 9 articles with a total
of 25 research subjects. Data collection was carried out in two main stages, namely the search
and selection stages. The results show that students experience many obstacles at the stage of
re-checking the integrity of the completion steps because of the habit of students who skip the
re-examination and are sure that the answer is correct. A common type of error in the
construction of a mathematical concept is a construction hole. Construction holes can be
overcome by the emergence of schemes to complement the imperfections of students’ thinking
structures in solving mathematical problems. The type of defragmentation that is most often
given is scaffolding. Scaffolding is considered the most effective for all types of mistakes made
because it can be done and later reduced so that students can solve math problems
independently.
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INTRODUCTION

Having the ability to solve problems
is essential for students (Siregar, 2017). As
a result, students will understand how to
complete each step of a problem when given
one. NCTM composes that there are five
standard learning processes, one of which is
the ability to solve problems (National
Council of Mathematic Teachers, 2000).
Thus, after presenting material, the teacher
will give a specific task to solve to improve
students' skill at problem-solving, in
particular mathematics.

Even so, the ability to solve
mathematical problems continues to pose a
problem. This is indicated by the number of
studies that state that students still make
mistakes when they solve math problems.
One of the reasons is that the mathematical
problem created is not based on the

indicators of problem-solving abilities
(Wijaya et al., 2021). In addition, errors can
also be made because students are
accustomed to questions that require only
one answer (Gunawati et al., 2015). Another
cause is that students cannot analyze
problems well and are unable to relate
problems to other concepts (Biber et al.,
2013; Gal & Linchevski, 2010). These
causes indicate that there is fragmentation or
errors in the structure of students' thinking in
solving mathematical problems.

According to Piaget, the structure of
thinking is a collection of schemas or
cognitive structures that exist in the brain
(Ribaupierre, 2015). Piaget also explained
that if someone is asked a question, then he
will undergo a process of adaptation to the
cognitive structure. The process of adapting
to this cognitive structure is called the
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thinking structure (Sudbery & Whittaker,
2018).

When someone solves a problem, his
thinking structure will be active in order to
solve it. As a result, when there are errors
that arise during the problem-solving
process, it is caused by fragmentation in the
structure of thinking (Subanji, 2015).

The term "fragmentation” was
adopted from the term inefficient storage of
data on computers. This condition occurs
because the data placed on the storage media
are not organized sequentially (Usodo et al.,
2020). The analogy of the term
"fragmentation” in the structure of thinking
is a phenomenon of information storage’s
low efficiency in the brain which hinders the
process of reconstruction and solving
mathematical problems (Wibawa et al.,
2017). Fragmentation in the structure of
thinking  often  occurs because of
meaningless  learning, emphasis  on
memorizing formulas, and how to carry out
completion steps (Subanji, 2015).

On computer systems, fragmentation
can be repaired through the defragmentation
process. The stages that occur in the
defragmentation process are inspection,
repair, and re-checking (Wibawa et al.,
2018a). This also applies to the learning
process. In the learning process, students can
regulate the structure of their thinking
through the application of interventions to
solve the problems given (Hidayanto et al.,
2017). The implementation of this
intervention will probably help students
improve their inappropriate thinking
structures. The improvement process
through intervention is called the
defragmentation of the thinking structure.

Defragmentation of  students'
thinking structures can be executed by
disequilibration  cognitive conflict, or
scaffolding (Kumalasari et al., 2016).
Fragmentation can be corrected by
highlighting the calibration, such as asking
several questions that can cause students to
hesitate or rethink the answer, so that
students can reflect on the answers given,
such as: "Are you sure about the answer?",
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"Why is the formula like that?", etc. In
addition, giving cognitive conflict can also
be conducted by providing new statements
that differ from what students think or their
previous knowledge. Not only that,
defragmentation using scaffolding can be
done by providing encouragement,
motivation, questions, guidance, pictures, or
learning aids.

Based on the steps of solving the
Polya stages, students' thinking structures
were analyzed to figure out how to
defragment them and work toward solving
mathematical problems. Cognitive maps
function as visual maps that describe various
ways to interpret a concept based on its
propositions (Gunawati et al., 2015). The
map is analyzed based on the Polya stages,
namely: (1) understanding the problem, (2)
preparing a settlement plan, (3) executing a
settlement plan, and (4) re-examining the
integrity of the steps of completion taken
(Efendi & Pratama, 2020).

Cognitive mapping will be helpful in
defragmenting. Through the map, students
may be able to figure out the mistakes that
have been made while constructing
mathematical concepts. The errors consist of
pseudo  thinking, connection  holes,
construction holes, analogous and logical
thinking errors (Subanji, 2015; Subanji &
Nusantara, 2013). Based on this, there are
several types of defragmentation processes
in terms of errors in constructing
mathematical concepts, including schema
appearance, Kknitting schemes, repairing
analogical, and logical thinking errors
(Subanji, 2015).

Studies have been undertaken to
establish if defragmentation improves the
thinking structure of students from
secondary to tertiary levels (Hanifah, 2018;
Kirnasari, 2016; Nazihah, 2018). These
studies demonstrate that defragmentation
can be applied to fix the inappropriate
thinking structure in solving mathematics.
Not only that, the research conducted has
covered various categories of subjects,
which means that not only subjects with
normal abilities were studied, such as
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impulsive and reflective (Septian et al.,

2018; Wibawa et al., 2018b). The

mathematical material tested is not limited to

algebra, but has expanded to geometry,
function limits, exponents, logic, and so on

(Nazihah, 2018; Rochayati & Fa'ani, 2019;

Wibawa et al., 2013; Wulandari et al., 2020).

Accordingly, the study will review various

studies in order to discover more detailed

information about defragmentation in order
for teachers to easily implement it to
students.

In the introduction, the researchers
outlined several writing objectives for this
systematic study, including the following:

1. Understanding the obstacles
experienced by students when solving
problems according to the Polya stages.

2. Understanding the types of
mathematical concept construction
errors that are typically experienced by
students.

3. Understanding  the  process  of
defragmentation that occurs frequently
in students.

4. Types of defragmentation are used in
restructuring students' thinking

RESEARCH METHOD

The method employed in this article
is a qualitative systematic review. It is
different from a literature review or
literature study. A summary of the results in
this method is achieved by using a scientific
approach and a research protocol. In
addition, the search for results and articles is
carried out systematically and there are
certain criteria that must be fulfilled. The
systematic study method used is based on the
opinion of Dwan, Gamble, Williamson, &
Kirkham (2013).

Data collection took place in two
phases, namely the search phase and the
article selection phase. The following are the
criteria for the articles to be selected.

1. Selected articles related to mathematical
disciplines.
2. Various field research results.

3. The education level of the selected
research subjects comes from junior
high school or its equivalent.

As many as 1580 research results
were found in online databases. By selecting
only articles and eliminating duplicate ones
across different databases, the researcher
found 26 articles. In accordance with the
three specified criteria, 11 articles are
suitable. Furthermore, the article is sorted
again by reading the entire contents. Using
this stage, we filter 9 articles that meet the
requirements for a systematic review. These
nine articles contain 25 research subjects
with results before and after
defragmentation. Figure 1 shows a graph of
the search and selection of articles.

Articles are selected according to
similarities or terms that are relevant to
restructuring thinking, defragmenting
thinking structures, defragmenting
thinking structures, solving math
problems defragmentation, and the like.

Title + Abstract + Year 2014-2020
A\ 4

Total search results 1580 articles

Simply selecting the article type
and eliminating duplication from
different databases.

\ 4

The total number of research type article is
26

Choosing based on three

predefined criteria

\ 4
There are 11 articles according to the criteria

Reading the whole article
v

A total of 9 selected articles with a total
of 25 research subjects

Figure 1. Article Search and Selection Flow

FINDING AND DISCUSSION
Listed below are the research titles
and articles used in this study.
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No  Name (Year) Title
Salman Sakif, Defragmenting of
Subanji, Thinking Process

Sisworo (2014)

Through Cognitive

1 Mapping to Fix
Student’s Error in
Solving
Erna Gunawati, Defragmenting
Toto Thinking Structures
Nusantara, through Cognitive
5 Abd. Qohar Mapping to Correct
(2015) Students' Errors in
Solving Story
Problems on Block
Materials
Taufiq Description of
Hidayanto, Thinking Structure
Subanji, Erry Errors in Junior High
3 Hidayanto School Students in
(2017) Solving Geometry
Problems and Their
Defragmenting: A
Case Study
Ayu Ismi Defragmenting Junior
Hanifah (2018) High School Students'
4 Husk Knitting in
Solving Algebraic
Problems
Muhammad Defragmenting the
Ali Bahrudin, Thinking Structure of
5 Nonik Junior High School
Indrawatining-  Students in Solving
sih, Zuhrotun the Flat Shape
Nazihah (2019) Problem
Puspita Ayu Defragmenting of
Damayanti, Student’s Impulsive
6  Subanji, Thinking Structures in
Sukoriyanto Solving Geometry
(2020) Problems
Junaidi Fery Defragmenting
Efendi, Ryan Students' Pseudo
7 AnggaPratama Thinking Process in
(2020) Solving Math
Problems
Achmad Defragmenting
Muhtadin Thinking Structures
8 (2020) Through Reflection to
Correct Students'
Mistakes in Solving
Story Problems
Siti Aisya, Restructuring
Kusaeri, Sutini  Students' Thinking
(2019) through the
9 Appearance of
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Schemes in Solving
National Exam
Questions for
Mathematics Subjects

Figure 2 illustrates the results of the
research that were found in various selected
articles according to the formulation of the
problem.

MK

B Without Obstacles

DWith Obstacles

|
MR 7
MP 7
MM 7
0 10
Figure 2. Constraints according to Polya's Stages

Figure 3. Types of Construction Errors

20 30

BPseudo Thinking
@ Connection Hole
OConstruction Hole

OAnalogy Thinking
Error

B Logical Thinking
Error

Based on Figure 3, the researchers
found that the most frequent challenges
students encountered occurred at the stage of
reexamining the integrity of the completion,
which involved as many as 25 research
subjects. Not only in the final stage at the
Polya steps, but students also experienced
many obstacles in various other steps. The
second stage that is most constrained by
students is planning the completion steps of
17 of 25 subjects. Students also experienced
problems at the stage of understanding the
problems experienced by 16 subjects.
Meanwhile, not many students had problems
at the stage of carrying out the completion
plan with a total of 10 subjects.

Seventy-seven percent of the
subjects struggled with construction holes,
the most common form of mathematical
concept construction error. Other types of
errors that are also experienced by many
students are logical thinking errors and
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pseudo-thinking which both acquire 10% of
100% of the existing subjects. Another type
of error that was observed but not
significantly was analogical thinking, which
accounted for about 3% of the whole. In
contrast, junior high school students did not
make many mistakes when they were
constructing mathematical concepts in the
form of connection holes since none of the
subjects reported experiencing it.

OSchema
Appearances

B Schema Knitting

ORepairing of
Analogical
Thinking

ORepairing of
Logical Thinking

Figure 4. Types of Defragmentation Processes that
Occur

Based on Figure 4, all kinds of
defragmentation processes occur in students
during the restructuring of thinking.
Although not all students experienced these
four types, the subject certainly experienced
at least one process of defragmentation. The
defragmentation process that occurred the
most during the repair was schema
appearances with a gain of 82% from 100%.
The second process that also happens to
many students is logical thinking error
correction with an 11% gain. Finally,
repairing of analogical thinking also
occurred in 4% of students and another 3%
experienced the process of schema knitting.

as

|Cs

abDs

oDCS

B Unavailable

Figure 5. Types of Defragmentation Utilized

Note:

S - Scaffolding

CS : Conflict Cognitive dan Scaffolding

DS : Disequilibrium dan Scaffolding

DCS : Disequilibrium, Conflict Cognitive,
dan Scaffolding

Based on Figure 5, the researcher
found that the most common type of
defragmentation was scaffolding because it
was given to 41% of the existing subjects.
The most widely used scaffolding is of the
verbal type, in the form of encouragement,
guidance, questions, or any remarks given
by researchers or teachers without any tools,
namely as many as 24 of the 25 subjects in
the selected articles.

Scaffolding can be combined with
other types of defragmentation. This was
found to be more often combined with
disequilibrium as much as 27% from 100%.
Another combination is also done with
cognitive conflict (cognitive conflict) as
much as 14%. Not only that, scaffolding can
also be combined directly with the two
previous types of defragmentation which
were also found in 14% of 100%. Even so,
there were also 4% of subjects who did not
get any kind of defragmentation.

Problem-solving in mathematics is
mostly done based on the theory of Polya
problem-solving  stages. Every stage
provides certain obstacles for each student.
However, most of the students encountered
problems in solving problems at the stage of
re-examining  the  completion  steps
conducted. Students often ignore this step
because they are sure the answer is already
correct and are used to solving the question
without checking the possibility of another
answer (Gunawati et al., 2015). This does
not only apply to the defragmentation of
concept construction errors but also applies
to all mathematical problem solving
(Abidin, 2014; Triutami et al., 2016).

Due to the constraints that the
students encountered, they make mistakes in
constructing mathematical concepts when
solving problems. A common mistake that
occurred is the construction hole.
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Construction  holes  occur due to
incompleteness or imperfection of concepts
formed in the structure of thinking in solving
mathematical problems (Subanji, 2015).
This incompleteness is resulting in difficulty
for students to answer questions. This can
occur due to the inability of students to
remember previous mathematical concepts
or skip them because they are considered
unimportant when solving  problems
(Sholekah et al., 2017).

By  determining the  given
defragmentation process we can remediate
thinking structure errors. Every student is
graded according to how many mathematical
concept construction errors they have made.
The most commonly chosen process is
schema appearances. Schematic appearance
is done to bring up a concept that is missing
or not formed, causing incomplete thinking
structures or construction holes (Subaniji,
2015). Concepts will be raised so that
students can solve the problems given.

Schema appearance can be done in
various ways, including Disequilibrium,
Conflict Cognitive, and Scaffolding
(Kumalasari et al., 2016). Not only that, all
defragmentation processes can occur with
the help of these three methods. Not only
that, all defragmentation processes can occur
with the help of these three methods.
Delivering defragmentation is implemented
according to the students’ needs. Even so,
there is the most common method used,
namely scaffolding. General scaffolding is
given because this method is assistance from
experts or other tools that can support
students solve problems until they can solve
them independently (Chairani, 2015;
Kurniasih, 2012). This means that the
assistance provided can be reduced
gradually so that students can solve
mathematical problems without any further
assistance.

CONCLUSION

Students often encounter obstacles in
solving problems due to skipping the re-
checking stage for the completeness of the
finished steps. This is triggered by the habit

100

of students not re-checking the completion
steps and making sure the answers are
correct. A common type of error in the
construction of mathematical concepts is
construction holes. The schema appearance
can complement the incomplete structure of
students' thinking when solving
mathematical  problems.  The  most
commonly used defragmentation type is
scaffolding. The most generally utilized
defragmentation type is scaffolding.
Scaffolding is considered effective for all
types of errors because it can solve and
reduce them so that students can finally
solve math problems independently.

There are still opportunities to pursue
systematic studies related to this research.
Depending on the level of education as well
as the nature of the thinking error structure,
different topics can be studied. Various
experiments can also be done to further
understand the defragmentation of thinking
structures, both generally and in detail.
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