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ABSTRACT

Learning mathematics has a clear, ordered and complete structure or pattern of thinking. Fragmentation of the
thinking structure occurs at a time which is a factor inhibiting students' thinking processes to construct the material
concepts they get and in solving mathematical problems. This study aims to analyze the occurrence of
fragmentation of thinking structures by looking at students' errors in solving problem-solving abilities on the
material of linear inequalities of two variables. This type of research is qualitative research. A search was
conducted on the occurrence of errors in the selected research subjects by carrying out tests with the think aloud
method and task-based in-depth interviews in order to obtain data on students who experienced fragmentation of
thinking structures on the material of two-variable linear inequalities. The results showed that there was
fragmentation of the thinking structure in students' minds, especially in constructing concepts and reviewing the
results of solving these problems. Each student seems to have fragmentation of different thinking structures
according to the level of understanding that students have. Students are not able to use mathematics according to
the actual concept of inequality and the occurrence of fragmentation of thinking structures that hinders students'
thinking processes.

Keywords: Concept construction, Fragmentation of thinking structure, Linear inequalities of two
variables, Mathematical problem solving.

1. INTRODUCTION of pseudo construction (pseudo construction),
incomplete structure (construction hole), separate
structure and the structure of the random (not surly)
[2]. While [3] states that the process of thinking is a

process that starts by receiving data, processing and

The process of thinking happens in every human
mind as a God's creature who can think about the
ability in him. Humans are able to develop potential in

them to always proceed to improve the quality of life
in facing challenges in this era of disruption.
Intelligence thinks every person varies according to
the many experiences that have been experienced in
his life. But it is found in some cases the human mind
experiences inauguration and incompleteness in
processing a mind. The fragmentation of the thinking
structure is a phenomenon of information-on-
information storage in an inefficient brain so that it
hinders the process of construction and solving
mathematical problems [1]. Fragmentation can inhibit
the learning process of students to carry out concepts
on further material. Fragmentation can be in the form

storing it in memory which is then taken back from
memory when needed for further processing
Because the thought process in learning mathematics
is a mental activity in the minds of students, Herbert
[4] states that to find out how the student thinking
process can be observed through the process of doing
the test and written results in sequence.

Thinking is a high-level cognitive activity. The
solution to solving the mathematical problems of
students is the ability to solve a math problem in a
structured math through several or stages. The
problem in mathematics is someone's solution, so
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students need to reason, it feels like to predict, look for
a simple formulation and prove it.

In constructivism theory, the learning process is
not only passively absorbing information from books
or teachers, but teachers should transfer information to
students to be able to construct concepts and ideas that
students already have. The teacher's role is to involve
students actively thinking to create, develop and use
the ideas they already have into new ideas. [5] Said
that in the educational process at school, it is said that
learning has occurred, if the teacher has invited
students to think. Conversely, if the teacher in the class
has not conditioned students to think, it cannot be said
that the learning process has occurred.

[6] Says that mathematics is concerned with ideas,
structures and their relationships which are arranged in
a logical order. So, mathematics is concerned with
abstract concepts that are developed based on logical
reasons to prove a statement, true or false. According
to Bruner, learning mathematics is learning about
mathematical concepts and structures contained in the
material being studied and looking for relationships
between mathematical concepts and structures [7], [8]
suggests that in order to learn a new mathematical
material, a person's past learning experiences will
affect the mathematics learning process, one must first
master the previous material because of the continuity
of the material. Construction of mathematical concepts
is an active activity carried out to obtain or build a
concept in mathematics. Therefore, continuity in
learning mathematics is needed in order to study
mathematics material in a complete and
interconnected manner between the previously studied
materials.

In actual conditions during the learning process,
students are accustomed to memorizing definitions,
theorems and mathematical formulas, and lack of
development of other abilities including problem
solving abilities. As stated by the opinion of Suwasti
[9], learning mathematics in schools has not fully
contributed to students developing problem solving.
The process of learning mathematics is still
understood as the result of only cognitive activities,
namely giving formulas and doing practice questions
(practices in applying the formulas taught). The
tendency of students to only focus on memorizing
formulas in solving problems. They think that only by
memorizing formulas can find solutions to problems.
However, this may not necessarily be realized.

There are a number of things you can do to find
ways to solve math problems that are easier and more
fun and that you can remember the concepts in the long
run. In the linear inequalities of two variables, students
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are required to understand various forms of questions
and how to solve them according to the thinking
structure that occurs in students. The material of the
linear inequalities of two variables has several
characteristics including the use of hyphens less than
or more than. In addition, there are inequality
conditions that must be considered. The linear
inequality of two variables is an open sentence in
mathematics in which there are two variables. Each of
the variables in the linear inequality of these two
variables has the degree of one and is associated with
the sign of the inequality. The signs of the inequality
are >, <, and. For that the keyword of the inequality is
less than or more than.

According to [10] states that student errors in
solving a math problem can occur because of the
fragmentation of the thinking structure. Errors in
mathematics are deviations from the correct solution
of a problem, both conceptually and in solving
procedures [11]. Students' mathematical thinking
skills can be developed and optimized through
problem solving in mathematics learning. According
to Polya [12] in problem solving there are four steps
that must be taken, namely: (1) understanding the
problem, (2) planning a solution, (3) solving the
problem according to the second step plan, (4) re-
examining the results obtained (looking back). In
solving mathematical problems, students not only
develop low-order thinking skills but more
importantly develop high-order thinking skills. The
ability to think mathematics is a dynamic process that
demands the birth of a variety of complex ideas so that
there is an increase in understanding [13].

[14] Revealed that pseudo construction is a process
of forming mathematical concepts "as if" in accordance
with scientific concepts after being explored more
deeply, they are not in accordance with the concept.
Construction hole is the process of forming
mathematical concepts that are not perfect in the
formation of concepts, there are parts of concepts that
are not constructed. Logical thinking error is the
process of forming mathematical concepts through
logical thinking or reasoning but there are deviations in
the use of logical rules. As in the research conducted
by Muslim, if one indicator of understanding the
concept is not owned by students, it is very possible for
students to  experience  misconceptions in
understanding the concept of exponential equation
material. Misconceptions will certainly result in
student errors in solving mathematical problems
related to exponential equations [15].

According to [16] mathematics is formed as a
result of human thinking related to the idea of process
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and reasoning. Furthermore, [17] suggests that
mathematics is a symbolic language that expresses
ideas, structures, or logical relationships including
abstract concepts making it easier for humans to think.
In line with this understanding, Hudoyo says that
mathematics is concerned with ideas, structures and
their relationships which are arranged in a logical
order. So, mathematics is concerned with abstract
concepts that are developed based on logical reasons
to prove a statement, true or false.

Subanji mentions that there are four kinds of
fragmentation of thinking structures, namely (1)
Pseudo Construction (Pseudo Construction) Subanji
explains that student errors can take the form of
Pseudo thinking, namely Pseudo right and Pseudo
wrong. Pseudo-true occurs when students get the right
answer but actually their reasoning is wrong. While
Pseudo wrong occurs when the student's answer is
wrong, but in fact the student is able to reason
correctly. (2) Construction Hole, namely the student's
thinking structure that is formed in the construction
process is not intact, does not appear or disappears.
The way students think spontaneously, does not pay
attention to the conditions used to solve problems
related to linear inequalities of two variables.
Concepts that result in the concept not being fully
formed. (3) Randomized structure: Fragmentation of
the randomized structure occurs due to the learning
process that does not pay attention to the order of
prerequisites. With these logical thinking errors, there
are schemes in the construction of incomplete problem
solving. This fragmentation occurs during the
construction process, the concepts formed are in a
randomized order. (4) Separate structure this
fragmentation occurs when the construction processes,
the concepts are formed separately so that no link is
found between the existing structures and the link
between one concept and another is not visible.
Fragmentation of separate structures occurs because of
the process of rote learning procedures and using those
procedures to solve mathematical problems.

Before conducting the research, the researcher
conducted a preliminary research survey by giving
easier test questions to students in one class to explore
the students' initial abilities in understanding problem
solving problems. As a result, the researchers found
that some students still experienced errors in working
on the questions, it was seen that there was
fragmentation of thinking structures, especially in the
construction of concepts built by students. There are
students who experience pseudo-thinking processes,
construction holes occur in the construction of
concepts and some errors caused by incomplete and
intact thinking structures.
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From the explanation that has been explained,
research will be carried out to determine the
occurrence of fragmentation of thinking structures
experienced by students which causes discrepancies
and errors in mathematical concepts that occur in
students' minds. One mathematical concept with
another to solve mathematical problems.

2. METHOD

This research was conducted in class XI SMA. The
research subjects selected are students who have
studied the material on linear inequalities of two
variables, on the grounds that the material is still stored
in their memory and will try to be recalled in their
memory. Sampling technique using purposive
sampling method. In this study, three subjects were
selected. naming for subject 1 is named S1, subject 2
is named S2, and subject 3 is hamed S3. The research
subjects were chosen by considering the fragmentation
of the thinking structure carried out by students to
construct concepts and their impact when solving
mathematical problems. This type of research is
qualitative research. Research that intends to
understand the phenomenon of what is experienced by
research subjects such as behavior, perception,
motivation, action, etc., holistically and by way of
description in the form of words and language [18].
This study describes the structural fragmentation that
occurs in constructing the material concept of a linear
inequality of two variables. The main data sources in
qualitative research used are in the form of words and
actions of behavioral subjects obtained from in-depth
interviews with research subjects. The validity of the
data used in this study using triangulation techniques.
The technique used to ensure the validity of the data,
compare and check back the degree of trustworthiness
of information obtained through different times and
tools in qualitative research, is carried out by
comparing the truth of information obtained from
various sources.

The data collection technique used is the test with
think aloud method and the interview method. The
instrument in this study consisted of the main
instrument, namely the researcher and the supporting
instrument, namely a mathematical problem solving
test for linear inequalities of two variables and
interview guidelines. The test instrument has two
problem-solving questions in the form of description
questions. The data analyzed were the results of the
two-variable linear inequality problem solving test,
think aloud transcription and interview transcription
on students' answers. Researchers use think aloud
because it is one of the methods of collecting data
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obtained through pronunciation. Everything that the
chosen research subject thinks relates to the given test.
The results of this think aloud method of data
collection activities aim to find out the knowledge that
students have which can be observed when they do the
tests given through what they think and say. In
addition, from the think aloud method it will be found
that there is fragmentation that occurs in students'
minds. Carrying out task-based in-depth interviews
using supporting questions where the implementation
is more free and aims to dig deeper information on the
research subject. Interviews were conducted on
research subjects aimed at clarifying, exploring
problems or clarifying what was stated by research
subjects and to find out the structure of students'
thinking in constructing the material related to linear
inequalities of two variables.

The ongoing global Covid-19 pandemic has forced
all schools to conduct online distance learning so that
researchers have limitations in freely choosing
research subjects that are in accordance with research
objectives. The researcher asks the teacher for help
and coordinates to determine students who are able to
communicate and have good math skills so that the
research can run. The teacher helped the researcher
contact the students and their parents for permission.
Parents of students who have given permission and
students who are willing to come to school by carrying
out according to the health protocol rules that apply at
school such as always wearing masks, keeping a safe
distance and washing hands. Selected students will be
given assignments and asked to solve questions from
the researcher using the think aloud method and then
conduct in-depth interviews.

3. RESULT AND DISCUSSION

The results obtained in this study will discuss
errors and fragmentation of thinking structures that
occur and their possible causes in the linear
inequalities of two variables in class XI high school
students. The data obtained from the results of the
answers to the linear inequalities of two variables and
from interviews with students after working on the
questions given. After conducting interviews and
tracing the causes of errors that occurred, an overview
of the fragmentation of the thinking structure
experienced by students was obtained. The following
(Figure 1) is the flow of the thinking process according
to the correct thinking structure according to the steps
that can be used to solve mathematical problem
solving problems.
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Problem

Variable X ] [ Variable y

Y

Model: 8x + 4y <72 ]\

Simplify to
2x+y<18

Determine the
appropriate
multiple

Conclusion

Figure 1 Process for solving math problems

[19] states that the thinking process is a process
consisting of receiving information from outside or
from within students, processing, inferring and
recalling the information from students' memories.
Each student will experience a thinking process
according to the learning experiences they have
participated in, studied and encountered. Some have
forgotten, some only remember partly and not
completely, some still remember everything well.
Students who understand the concepts that have been
taught will easily accept the problem-solving
questions that will be given. Problem solving

problems were given to the three subjects S1, S2 and
S3 with the think aloud method and then an in-depth
interview was conducted to determine the thinking
process and fragmentation that occurred in the
problem-solving problem of two-variable
inequalities.

linear

Ix + qy < 72

8x <72

X & 72 Kalaw

3 X = o besarC

= e Y= mobil box
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9 iz 2. ada (3 &=t
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Figure 2 Answers from S1 in question number 1
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Figure 3 Answers from S3 on question number 1

From the results of working on the questions by the
S1 subject (Figure 2), it can be seen that the subject
experienced confusion in understanding the questions
given, it was seen that the information he received was
incomplete. S1 can't remember the concept of
inequality, but S1 is still trying to work on it, digging
up information that has been previously learned and in
his mind. S1 almost gave up like S3, the subject of S3
could not do it at all because they thought the questions
given could not be done because what they knew was
lacking and felt unclear (see Figure 3). Interviews
were conducted to find out the causes of errors and
fragmentation that occurred in S1 and S3.

R : Do you understand what is asked in the
question?

S1 : Yes | understand but | forgot what to do
first if there is a linear inequality of two
variables

R : What ideas do you think of when you find
questions like this?

S1 : I make an example of x for big trucks and

y for box cars. I'm trying to enter possible

numbers, for example, if 8x = 72, then
=%, x =9, in the same way y = 18

and then adding up 9 + 18 the result is

less than 72.

R : Why is there an idea to make such a step?
Is there no other way?

S1 : Itseems that it is correct and when it is
operated, the results are met.

R : What about the sign of inequality that is
asked in the question? Is it not used to
operate?

S1 : [Imade itinto an equation with a “="" sign

so that it can be done.
Figure 4 Excerpts of an interview with subject 1

From the excerpts of the researcher's interview
with S1 (Figure 4), it can be seen that S1 does not fully
understand the meaning of the question, writes
incorrect information on the question, is still confused
about how to do it because there is fragmentation of
the thinking structure. The subject immediately got the
idea to enter numbers in the equation he had made.
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The subject experienced doubts with the answers
he wrote down and looked insecure, and afraid of
being wrong. Meanwhile, S3 did not seem to solve the
questions given well. Researchers conducted
interviews with S3. The following is an excerpt from
the interview.

R : Whydon't you write it down and continue
the work?
S3 : 1 was only able to get to that Ma'am, |

don't know what else to do, I'm sure the
information in that question is lacking so
the question can't be done

R : whycan'titbe done?

S3 :  Fromwhat I've learned, there are usually
two similarities but 1 don't understand
either. | only write what is known, then |
try to write down the mathematical model
that fits the given problem.

R : Areyou sure this is the only answer?

S3 : Yes Ma'am, | gave up and didn't know
what else to do. I'm confused how to solve
it.

R : You didn't try to enter any possible
numbers in order to be able to answer the
questions?

S3 . 1don't get the answer ma'am

Figure 5 Excerpts of interview with subject 3.

Seen from the interview with S3 (Figure 5), he
easily gives up and does not want to try things that can
be done to solve the problems given. Even after being
provoked by the researcher, the subject still doesn't
understand how to do it. This is an open question, and
the subject is still very unfamiliar with getting the
questions as given. Usually, the teacher does not give
examples like that, the teacher only gives questions
that only exist in books. The following can be seen
from S2's answer in solving question number 1 in
Figure 6.

ol
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X 22220 44y = 3
y = 38- 4=\
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=Ngr— Lo
W =

Figure 6 Answers from S2 in question number 1

Judging from the answers to the results of the
work written in S2, S2 was able to understand the
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questions well, in sequence but did not give a
conclusion according to what was asked. If not given
a conclusion and re-check the answers. There is
incomplete information written by on S2. Here (Figure
7) are the differences in the structure of students'
thinking processes on S2 and S3.

Simplify to
x+p2 18

Iodel: Ex+4p =72

) Determine the Simplify to
I . appropriate raultiple x+pE18 N

. /
S conclusion -

Figure 7 The thinkinggrcﬁss of students on the
subject of S2 and S3

From what has been obtained from the
completion of each student in number 1, it was found
that S1 could not do it correctly, subject 1 had actually
given up and did not work, but after being provoked
by the researcher, S1 tried to work so that the questions
could be answered, after being traced the S1 actually
forgot how to do it if given a linear inequality problem
of two variables. S1 said that in the learning process
the teacher gave questions only the usual questions and
there were no variations, according to the examples so
the questions could be done according to the examples
that had been given. Another reason stated by S1 is
because distance learning or online makes it
impossible to fully understand what is explained by the
teacher. The material presented is not obtained in its
entirety and is incomplete when it is received by
students in receiving information. S1 really could not
solve the problem, and seemed to have misunderstood.
The error occurred because S1 experienced
fragmentation of the structure of thinking in the
category of incomplete structure and unordered
structure. When getting material on linear inequalities
of two variables, subject 1 did not understand and
when asked to work on problem solving problems he
had difficulty, no information was understood, causing
fatal errors when given a question.
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The data obtained on S3 found that S3 could not
answer the question at all. S3 only wrote down what
was known. When given guidance from the researcher,
S3 still could not recall the information he had
received while studying the linear inequalities of two
variables. From what is understood by S3, equations if
you want to find the value of the x and y variables, then
two equations are needed to be solved. S3 considered
that the question could not be done because what he
knew was lacking, so S3 did not understand and gave
up on working on the given question. Problem-solving
questions with the type of open-ended questions are
very rarely given in the learning process in the
classroom. So, students are only given questions with
no significant challenges. Even so, there are still many
students who do not understand well the concepts that
must be built.

While in S2, S2 has written down what is known
and what was asked, and is very confident when
answering problem solving questions. S2 still
remembers the material on the linear inequalities of
two variables, but there is little doubt as to whether this
is the correct answer written. In addition, S2 still has
not written a conclusion as the final answer to the
questions given. In solving a problem, complete
information is needed in order to obtain a complete
and in accordance with the results requested in the
problem so that it will be easy to understand.

Given a question to retrace the structure of
thinking in constructing the concept of a linear
inequality of two variables. The following (Figure 8)
is the flow of the thinking process according to the
correct thinking structure according to the steps that
can be used to solve mathematical problem-solving
problems.

\ Total weight = 24 (/
Nodel: 3x +2y= 24

mininmm that canbe
cartedx +y = 10

Diraw a graph
connectng the taro
points

Find the pointx Shade the
when y=0 and x=0 corresponding area

Figure 8 Thinking process in solving math problems
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The following can be seen from S2's answer in
solving question number 2 in Figure 9.

x4 < 24

Y=o S0 LR ac=atf
< = 28

4 e > 29 = 24
_\j — Uk

Figure 9 Answers from S2 in question number 2

Judging from the students' work, S2 has written
down what is known but it is still not clear why S2
wrote directly like that. There is no information about
what is asked in the question and provides an
incomplete answer. The following (Figure 10) is an
interview with S2 for question number 2.

R : whatdo you understand with the questions
given?
S2 : ltried to do my best, I immediately made

an example and made a mathematical
model. I'm looking for points x=0 and y=0
to graph and get the solution area

R : Isittrue that such a step should be taken?
S2 . it seems like that ma'am, I'm also still in
doubt, because I've forgotten a bit

R : Which part are you still unsure about?

S2 : Actually, I still doubt whether it's true, but
what's more doubtful is the part on making
the graph, ma'am, and I still have to read
the example many times

R : inthe graph where is the solution area?
S2 . theone atthe top, ma'am, as far as | know.
R : which part? So, what is the minimum that

can be transported? Why not write a
conclusion from what is asked by the
question?

S2 . oh yeah, | forgot, ma‘am, haven't written
and shaded the graph yet. | thought that
my answer was correct.

Figure 10 Excerpts of an interview with S2

From interviews conducted by researchers and
S2, it can be concluded that S2 experienced
fragmentation of thinking structures. Subject 2 has
taken the correct steps but there are steps that have not
been carried out, namely writing in full what is known
and being asked and writing the conclusion of the
completion as requested in the question. Conceptual
thinking process: able to express what is known in the
problem in their own sentences, able to express in their
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own sentences in the question, in answering tend to use
the concepts that have been studied, and able to
mention the elements of the completed concept. When
doing problem solving, students are expected to be
able to understand about the problem solving given.
They have been able to answer questions with the
concepts learned. As has been done by S3, he has been
able to answer the questions given with the concepts
he has learned. S3 in solving problems has been able
to apply the concepts that have been learned. Like
when working on number 1.

The results of the think aloud that have been
implemented can be concluded on each subject. In this
study, it can be seen that S1 has a construction hole. In
working on question number 1, S1 felt that the answers
he wrote were correct with the methods and
conclusions he drew. However, that is a wrong
concept. There is no way of working on questions like
that, from interviews conducted by S1 giving reasons
that have nothing to do with the completion process. It
indicates something is missing, and not in the correct
order of execution. If you are not given S1 guidance,
you will always make mistakes in the next material. In
question number 2, S1 also still made the same
mistake, S1 found it difficult to solve it. As in the
thought process in S3, S3 in working on problem
number 1 could not recall the material on linear
inequalities of two variables because during the S3
learning process they could not understand the
concept, S3 only remembered that if there was an
inequality problem, they were asked to make a graph
and then describe the solution area. Meanwhile, in the
problem-solving problem given by the researcher,
only one equation is known, and that makes S3
confused and feeling hopeless because he doesn't
know and can't take steps to solve it. In S2, the
thinking process is more complete than in S1 and S3,
only S2 has fragmentation of pseudo-thinking
structures (pseudo construction).

As a teacher, the teacher has a role to find out the
errors experienced by students and look for the causes.
After knowing it, the teacher tries to find the right
solution so that his students do not make mistakes
again and carry out the right-thinking process so that
they can solve every problem-solving problem given
to him. [20] It can be started by reconstructing
students’ thinking process through developing
scaffolding in mathematics learning.

Researchers conducted interviews to determine
students' thinking processes in solving mathematical
problem-solving problems given. It was found that
students' thinking processes have different processes
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according to the understanding of each student in
understanding the concepts they have received. As the
opinion of Nurman that the mathematical ability of
each student affects the problem-solving process
carried out. In addition, according to Ruseffendi states
that the level of student ability is different related to
mathematical concepts, causing differences in
students' ability to solve math problems. [21] Thinking
mathematically focuses on the role of the emotions in
mathematics, particularly in dealing with the high of
an ‘Aha!’ experience which should be enjoyed before
subjecting the insight to further scrutiny, and being
‘Stuck’, requiring a positive approach to analyse what
has happened and how this can help to suggest
alternative approaches. In order for the structure to
think a student can survive in a very long time, it is
necessary to also do a treatment to ensure that the way
of thinking that is done is correct [22].

4. CONCLUSION

The results of this study discuss the
fragmentation of students' thinking structures in
constructing concepts on the material of linear
inequalities of two variables, traced to errors that occur
in class Xl students. The material for the linear
inequality of two variables is found in the material in
the previous class, it is hoped that in this study students
have received the material and can recall what is in
their memory in understanding the material for the
linear inequality of two variables. Errors that occur
when working on solving math problems are obtained
from the answers and interviews. It was found a clear
picture of the causes of mathematical problem solving
errors, namely the occurrence of fragmentation of
thinking structures in constructing concepts in the
given problems. This thinking structure fragmentation
refers to Subanji's reference, using four types of
thinking structure fragmentation, namely pseudo
construction,  construction  holes,  randomized
structures and incomplete structures. The conclusion
from the results of data collection and analysis, it was
found that the subject considered the process of
solving a linear inequality of two variables the same as
the solution for a linear equation, the subject did not
write down sequential steps, in the middle of the road
when working on the problem had difficulties, doubts
and needed to be guided to call back memories he had.
Subjects who have forgotten some steps, skip steps
that should also be written down, construction holes
occur, incomplete structures and unordered structures.
In solving problems, each subject experiences
differences in solving a problem. This can happen
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because a person's understanding always experiences
a thought process according to what is thought and
understood in his memory. But at one time there was
an obstacle in the thought process that caused it to be
unable to construct concepts to solve mathematical
problems.

Designing and building a good learning process
that can provide students with an active role and
valuable experience in constructing a concept and
tracing the fragmentation of the structure of thinking
is very much needed if students want to understand the
material well. The material for linear inequalities of
two variables is considered difficult by some students
who have not received previous material information.
If you already understand, it will be easier to continue
the next material because the mathematics learning
material is interconnected continuously.
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