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Abstract: The purpose of this research is to find out the profile of students' mistakes in solving quadrilateral problems based on the cognitive
development of middle school students. This research is included in qualitative research with detailed research. This research is a preliminary study on
4D research and development. This preliminary study aims to study the characteristics of students in solving mathematical problems based on cognitive
development from Piaget. The instrument used in this study is that researchers, Test Logical of Operation and problem-solving test. The stages for
analyzing data are (1) preparing and organizing data for analysis, (2) exploring and coding data, (3) coding for constructing descriptions, (4) representing
and reporting findings, (5) interpreting findings, and (6) validate the accuracy of the results. At the stage of understanding the problem, in general, the
subjects did not make mistakes in the first stage even though some subjects did not write down what was known and asked about the problem at hand.
At the stage of planning to resolve subject formal is experience principle errors and procedural errors. At the stage of carrying out the transitional and
concrete subject plan experience the mistakes of concepts and procedures, whereas in the formal subject, because in the previous step it cannot
arrange the scenario to solve the problem, the formal subject cannot implement the plan to solve the problem. In the fourth stage, in general, subjects
interpret the overall steps of solving the problem.
Index Terms: Error, Mathematical Problem, Cognitive Development, Problem Solving
————————————————————

1 INTRODUCTION
Solving problems is essential in learning mathematics. At least
there are three things that underlie the importance of problemsolving as a goal in mathematics learning, first problem solving
can train students to make decisions, in other words, become
problem solvers, the second problem solving can be used to
develop ideas or ideas they have, and capital success for
students in solving mathematical problems, and third problem
solving becomes one of the focuses in learning mathematics
at national and international levels in addition to reasoning,
verification, connection, communication, and representation
[1]–[4]. In dealing with mathematical problems, a student
performs a thought process in the brain until the student can
solve the problem at hand. By trying to describe students'
thinking processes, in this case the educator can interpret
information collected through observing students' behavior
while studying mathematics so that the teacher has indirectly
carried out the task of an educator in Mathematics learning
that is to explain students' thinking processes in learning
mathematics and how Mathematical knowledge is interpreted
in mind with the aim of improving mathematics teaching in
schools [5], [6]. Describing student profiles in dealing with
mathematical problems is still the focus in several studies [5],
[7], [16], [17], [8]–[15]. One of the profiles of students that can
be considered for research includes describing students'
mistakes in solving problems [18]–[23]. By knowing the forms
of mistakes made by students, the teacher can make a
learning scenario so that the mistakes that are often caused
by students can be avoided in solving problems [4]. Also, by
describing the forms of errors made by students, the teacher is
expected to be able to know the causes of students
experiencing errors in solving mathematical problems [22].
There has been a lot of research done regarding errors made
by students in solving mathematical problems [18]–[22], [24].
But research on student errors based on cognitive
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development is still not yet done. This is because cognitive
development is one of the characteristics of students who are
rarely noticed by educators [3], whereas one of the factors that
determine the success of the learning process includes the
compatibility between the subject matter and the level of
cognitive development of students [25], [26]. The cognitive
development of each individual always goes through four
stages, namely sensory-motoric, pre-operational, concrete
operational, and formal operations [27]–[35]. Every stage of
Piaget's cognitive development must go through the previous
stages and do not apply backwards [25], [36], [37], meaning
that if a person has reached the concrete stage, the person
has gone through the sensory-motoric and pre-operational
stages, and the person is left to form a formal development.
The age of junior high school students according to Piaget's
cognitive development is at the scene of formal development
because it is at the age of more than 11 years [4], but the age
limit for children to distinguish between stages of Piaget's
cognitive development is different in nature [25]. Based on
this, it is possible for junior high school students to still be at
the stage of development before formal, which is still concrete
and the phase of transition from concrete to formal [3], [25],
[37]–[39]. So that confirmation is needed for junior high school
students related to cognitive development that has been
achieved, whether junior high school students are already in
formal age or are still in a concrete period. This is so that the
mathematics learning process can be planned to adjust to the
level of cognitive development of students so that
mathematics learning can be more meaningful [25], [26].
Based on this, the purpose of this research is to find out the
profile of students' mistakes in solving quadrilateral problems
based on the cognitive development of middle school
students.

2 METHOD
This research is included in qualitative research with
descriptive analysis. This research is a preliminary study on
4D research and development. This preliminary study aims to
study the characteristics of students in solving mathematical
problems based on cognitive development from Piaget. The
selection of research subjects was based on the purposive
sampling technique. This side taking technique is a sampling
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that is carefully chosen so that it is relevant to the research
design [40]–[42], This sampling technique can be done if the
researcher has specific considerations, including taking
someone who according to the researcher meets the
requirements so that the purpose of this study is achieved
[43], [44]. As for the researchers 'consideration in choosing a
subject are (1) communication skills in order to be able to
express the thought process and validity, (2) the test results
solve the problem of rectangular problems, (3) the teacher's
consideration, and (4) students' cognitive development can be
seen from the results of the Test Logical of Operations (TLO).
The instrument used in this study is that researchers act as
planners, implementers of data collectors, analysts, data
interpreters, and reporters on the results of their research,
supported by TLO and problem-solving test. TLO is compiled
based on the results of research that aims to classify students
at sublevel of cognitive, formal cognitive development,
including the transition from concrete to formal [30], [36].
Problem-solving tests contain questions related to rectangles.
Before being used, the problem-solving test is validated first
by experts, both in terms of mathematical content, language,
and suitability between the indicator indicators with the
purpose of the study. To get research data, the first step
students are given a logical operations test to see the
cognitive development of students in the initial concrete
phase, final concrete, in formal development and final form.
Henceforth the initial final and formal concrete phases are
grouped in the development of the transition. In the next step,
2 students are selected (at least) each phase of cognitive
development to be used as research subjects. The students
were asked to convey what they thought when solving
mathematical problems, then interviewed. Data obtained
during interviews were recorded using a Handycam or
walkman. In this case, the method used to collect data is Think
Aloud. Think aloud is a method, where the subject is asked to
voice his mind during resolving the problem and asks him to
repeat it if there is something to be said during the problemsolving process, in this case giving the subject the opportunity
to say something or what he is thinking [45]. The analysis will
be carried out to find out the thinking process of students in
each phase of the transition in solving Mathematics problems.
Stages for analyzing data are (1) preparing and organizing
data for analysis, (2) exploring and coding data, (3) coding for
constructing descriptions, (4) representing and reporting
findings, (5) interpreting findings, and (6) validate the accuracy
of the findings [42]. At the stage of preparing and organizing
the data is done by preparing the results of student answers
related to quadrilateral problems. At the stage of exploring and
encoding data is done or the stage of reducing information is
done by analyzing all the data collected from various sources,
especially sources derived from students' answers in dealing
with quadrilateral problems. At the coding stage to build
description or coding stage is done by giving coding to
students and the type of mistakes students make in solving
quadrilateral problems. At the stage of representing and
reporting the findings carried out by way of displaying the data
that has been reviewed. At the stage of interpreting the
findings carried out by concluding the results of the analysis of
the mistakes made by students in solving quadrilateral
problems. In the step of validating the accuracy of the findings
or the validity stage of the data is to make careful
observations, carefully and continuously during the research,
and confirm data obtained from a source with other sources by
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comparing the data from the written test results.

3 RESULT AND DISCUSSION
In general, the task of mathematics education is to clarify the
thinking process of students in learning mathematics and how
mathematical knowledge is interpreted in mind. In this regard,
one of the roles of the teacher in learning school mathematics
is to help students express how the process runs in their mind
when solving problems. To find out the thinking process of
students, the teacher can ask students to show or tell the
steps that are in his mind. By revealing this thinking process,
students indirectly help teachers to understand heterogeneous
students. In the process of solving mathematical problems,
students carry out thought processes in the brain until the
student can resolve the issue at hand. By describing the
thinking process, the teacher can interpret the information
gathered through observing students' behavior while studying
mathematics. Indirectly the teacher has carried out the task of
an educator in Mathematics learning, namely to explain the
thinking process of students in learning mathematics and how
mathematical knowledge is interpreted in mind to improve
mathematics teaching in school [17]. In addition, by describing
the thinking process in solving mathematical problems, the
teacher is expected to know the form or type of error that is
often done by students [18]–[23]. By describing the form of
mistakes made by students, the teacher is expected to know
the causes of students experiencing errors in solving
mathematical problems [22], [46]. Also, by knowing the types
of errors that are often made by students, the teacher can
design learning scenarios including mathematical learning
tools so that the mistakes often made by students can be
avoided in solving problems. [24]. To find out errors, students
are given a problem, see figure 1.

Figure 1. Mathematical Problem
Besides being given a mathematical problem-solving the test,
students were also given a Logical of Operations Test to
confirm Piaget's cognitive development was also given a
mathematical problem-solving test. From the results of the
Logical of Operations Test given to students, it was found that
seven students were in formal cognitive development, 25
students were in transitional cognitive development, and the
rest were in the cognitive development of Piaget. In
connection with this, the subjects used to determine the
characteristics of student errors based on cognitive
development most use 8 subjects, consisting of 2 subjects in
concrete cognitive development (hereinafter referred to as K1
and K2), 3 subjects in transitional cognitive development
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(hereinafter referred to as T1 , T2 and T3), and 3 subjects in
formal cognitive development (hereinafter referred to as F1,
F2, and F3).

3.1 Error understanding the problem
To find out the errors that occur in the thinking process, the
students understand the problem, the indicators (1) cannot
determine the information on the question about what is
known, (2) cannot determine the information on the question
about what is asked, and (3) cannot retell about problems
faced with their own language. In subjects with concrete
cognitive development, it was obtained that K1 subjects did
not write anything at the stage of understanding the problem,
K2 subjects wrote down what was known and asked. In
subjects with concrete cognitive development, it was found
that T1 and T2 subjects did not write anything, whereas T3
subjects wrote what was known and asked about the
mathematical problems they faced. In subjects with formal
cognitive development, it was found that subjects F1 and F2
did not write anything at the stage of understanding the
problem. But the F3 subject can describe what is known
without writing down what was asked on the second problem.
Errors by not writing down what is known or not writing down
what was asked what happened to most subjects can be
categorized as misconceptions [47], [48]. One of the effects of
conceptual errors is that students cannot solve problems
students or students cannot continue at the stage of solving
the next problem [23]. At the stage of understanding the
problem provides a foundation for students to be able to step
in the next stage [49], this is because students are not likely to
solve the problem correctly without understanding the problem
at hand [50]. The problem is that most subjects do not write
information about what is known from the problem at hand, or
do not write information about what was asked of the problem
at hand. Although the subject does not write down the
information on the problem, the subject can continue the steps
to solve the problem. In connection with this condition, the
subject may have known the information on the problem so
that the subject cannot be categorized as making a
misconception. This is because the main impact of conceptual
errors is that the subject cannot continue the steps to resolve
the problem that cannot be proven. There is a tendency that
students have a habit in solving mathematical problems never
writing what is known and what is asked, but students do the
next step in solving problems [23], [51].
3.2 Error of Planning To Resolve Problems
To find out the mistakes that occur at the stage of planning to
solve the problem include students knowing enough conditions
and conditions need a problem, and students use all
information that has been collected [46], [49], [51]. Student, by
writing formulas, linking information between what is known
and asked, including determining or calculating unknown
variables, can be categorized at the planning stage to solve
the problem. The results of observations on subjects with
concrete cognitive development obtained that the K1 subjects
planned to solve the problem by determining the area of the
trapezium ABCE and the area of the triangle CDE. K2 subjects
in planning to solve design problems by determining the height
of the triangle first to determine the area of the triangle, then
determine the area of the trapezium so that the problems
faced can be resolved. T1 subjects are also able to connect
between known variable variables to determine new variables.
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The subject of T2 in determining the land area of Pak Ali uses
the area of a triangle and the area of the trapezium because
the shape of the image which is the second problem consists
of a triangle and a trapezium. The subject of T3 in determining
the land area of Mr. Ali uses the area of a triangle and the area
of the trapezium because the shape of the image which is the
second problem consists of a triangle and a trapezium. F1
subjects in determining the land area of Pak Ali use the area of
the rectangle and the area of the trapezium because the
shape of the image that becomes the second problem consists
of a square and a trapezium. F2 subjects cannot plan to solve
the problem well; even the subject can be categorized as
unable to plan to solve the problem correctly. F3 subjects can
plan to solve problems. It can be seen that the subject's
knowledge of the shape of the wake that exists in the second
problem consists of two flat shapes, namely the triangle and
the trapezium. So to solve the area of build on the second
problem, the area of the triangle and the area of the trapezium
must be searched. The subject by writing a plan in solving a
problem is useful for a role or rule in solving a problem so that
the subject is not out of the way to solve the mathematical
problem at hand. By using this step, the subject indirectly calls
back the scheme that is in mind by recalling the knowledge
that has been possessed [52]. But if the subject does not
make a plan in solving the problem, there is a possibility of
mistakes made by students in the second stage by not being
able to plan to solve the problem mostly because the subject
cannot be able to sketch (draw pictures) to solve problems,
connect known variables become a new variable. Errors do
not know enough conditions, and the requirements in the
second step to solving the problem can be categorized as a
principle error. One indicator of principle faults can be shown
from the way students are wrong in using mathematical rules
or formulas [53], the principle error made by students in
solving mathematical problems can occur if between concepts
or facts on problems faced by students cannot become new
concepts or events [54]. In addition to the principle mistakes
made in planning to solve mathematical problems, the subject
also made a procedure error. Procedure errors are errors in
applying specific steps or stages in an improper problem
solving [55], in other words, procedural errors can occur in the
subject if the scenario used to solve the problem is incorrect.
To avoid procedural errors or principle errors such as those
that occur in subjects F2 and F3 can be done by familiarizing
students with finding out the relationship between data or
information that is already known to the unknown, in other
words, looking for unknown elements of existing information.
Also, it is necessary to get used to making scenarios for
solving problems before students solve mathematical
problems faced.

3.3 Error Implementing the Plan
K1 subjects use the area of the trapezium (area I) and the
area of the triangle (area II). In Area I, subjects use the
trapezium area correctly, whereas, in the area of a triangle
(area II), subject K1 uses the formula of the area of a triangle
a × t × 2, where a is the base of the triangle and t is the height
of the triangle. On the second mathematical problem, the K1
subject experienced a conceptual error in determining the
triangle formula. The concept of the triangle formula ½ × 𝑎 ×
𝑡 is not owned by the subject, but the subject's initial
knowledge of the area of the triangle is 2 × 𝑎 × 𝑡. Because of
this, the process of resolving the second mathematical
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problem is wrong for the K1 subject. The K2 subject uses the
sum of the triangle area with the area of the trapezium. In the
area of the triangle, the subject determines the height of the
triangle first, then uses the triangle area formula, namely
½ × 𝑎 × 𝑡. For the trapezium area, K2 subjects use the
trapezoid formula ½ × (𝑎 + 𝑏) × 𝑡, where for the length of
the parallel sides are used 13 and 18. The answers to K2
subjects are by the scenario planned in the previous stage.
The situation outlined by K2 subjects in solving mathematical
problems is (1) determine the height of the triangle, (2)
determine the triangle, (3) determine the area of the trapezoid,
(4) the area of land obtained from the sum of the area of the
triangle and the area of trapezium. On the second
mathematical problem, K2 subjects did not experience errors
in solving problems and the stages to solve problems were by
the scenario planned in the previous stage. The T1 subjects
used the sum of the two flat shapes, namely triangles and
trapeziums. In the area of the triangle, the subject looks for the
height of the triangle first before determining the area of the
triangle. The subject of T1 obtained the area of a triangle of 60
sql from ½ × 24 × 5, with 24 is the base of the triangle and 5
is the height of the triangle. For the area of the trapezium,
subjects use ½ × (13 + 18) × 5 with parallel sides the length
is 13 and 18 while the trapezium height is 5. By what was
planned by the T1 subjects that to determine the land area of
Mr. Ali was obtained from the sum of the area of the triangle
and the area of the trapezium so that it received 246 sql.
Related to this, T1 subjects did not experience errors in
solving problems, and subjects could implement plans to solve
mathematical problems. T2 subjects used the sum of the two
flat of shapes; they are triangles and trapeziums. In the
trapezium wake the subjects obtained parallel lengths of 13 m
and 25 m, while trapezium height was 12 m. Subjects can
explain verbally the origin of one of the lengths of the parallel
sides of 25 m and the height of 12 m, as revealed during
interviews with T2 subjects.
R : How can you get this length 25 m? (while showing the
trapezium image on the question)
T2 : In this triangle (pointing to a triangle),
Given the base, the length is 24 m and the length of this
side, and this is 13 m (looking to the triangle image).
Because the shape of this triangle (pointing to the image
of a triangle) is isosceles, to determine the height of the
base divided by 2 so that it is obtained by 12.
If this length is 12 m (pointing to the base of the triangle)
and this length is 13 m (looking at the hypotenuse of the
triangle), using triple Pythagoras then this length is 12 m
(looking to the height of the triangle).
Because the height of the triangle is 12 m, the length of
the longest side is 13 plus 12 results 25.
R : where is the trapezium height of 12 m?
T2 : this is the base of the triangle (pointing to a triangle)
divided by two results 12 m.
Whereas to determine the area of a triangle, the subject uses
a triangular base and the height that was previously obtained.
These two things are then substituted on the triangle area
formula so that the triangle area is 144 sql. T2 subjects
experienced errors in understanding the concept between the
height of the triangle and the height of the trapezium. T2
subjects assume that the trapezium height and the height of
the triangle are the same two things. Even if you refer to the
image on the second problem, between the trapezium height
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and the height of the triangle are two different things. Although
the subject experienced errors in understanding the concept to
determine the area of the triangle, in general, T2 subjects can
implement plans that have been prepared to solve the second
mathematical problem. This can be seen from the planning
that has been developed to answer the second mathematical
problem using the sum of the two building areas that make up
it, namely the area of the triangle and the area of the
trapezium. The answers to the T3 subjects used the sum of
the two flat shapes, namely the triangle and the trapezium. In
the area of the triangle, the subject looks for the height of the
triangle first before determining the area of the triangle. The
subject of T3 obtains a triangle area of 120 sql from 24 × 5,
with 24 being the base of the triangle and 5 is the height of the
triangle. For the area of the trapezium, subjects use ½ ×
(13 + 18) × 5) with parallel sides of length 13 and 18 while
the height of the trapezium 5. As planned by T3 subjects, to
determine the area of land Pak Ali is obtained from the sum of
the triangle area and the area of the trapezium so that the land
area of Mr. Ali is obtained 306 sql. On the second
mathematical problem, T3 subjects experienced conceptual
errors in the field of the triangle. The subject has an
understanding that to determine the area of a triangle using a
base × height. To determine the width of the triangle is
½ (𝑏𝑎𝑠𝑒 × ℎ𝑒𝑖𝑔ℎ𝑡). F1 subjects at the planning stage to
complete, are by the scenario planned in the previous stage.
F1 subjects, planning to solve the problem of Pak Ali's land
area using the number of rectangular and broad areas of the
trapezium. In the area of a rectangle, F1 subjects use half of
the side length of 24 m. So the area of a box is 13 × 12 = 156
sql. In the area of the trapezium, F2 subjects using parallel
sides are 12 m and 24 m. The length of the wrong side is
obtained from the half of the triangular base, which is 24, while
the trapezium height is obtained using the Pythagoras
theorem is obtained 5 m. From this variable, F1 subjects can
determine the trapezium area of 90 sql. F1 subjects have
errors in writing the area of the trapezium is 12 + 24, but in the
next step, the subject writes ½ × (36 × 5). In this step, the
subject experiences inconsistency in applying the trapezium
area formula and calculation of the trapezium area, although,
in the end, F1 subjects obtain the correct trapezium area,
which is 90 sql. Of the two variables that have been found,
namely outside the rectangle of 156 sql and the trapezium
area of 90 sql, F1 subjects can determine the land area of Mr.
Ali which is 156 + 90 = 246 sql. As in the previous stage, F2
subjects were unable to plan to solve the second
mathematical problem. Subject F2, look confused in solving
the second problem. This can be seen from the sketch image
used to solve the problem. It appears whether to use a square
area, the area of a trapezium or the area of a rectangle.
Relating to this subject, F2 experienced a procedure error in
implementing this plan because the subject did not know the
procedure used to solve the problem of Mr. Ali. The F3
subjects used the sum of the two flat shapes, namely triangles
and trapeziums. In both the area of the triangle and the area of
the trapezoid, the subject experiences a concept error by not
being able to write the formula for the area of the triangle and
the area of the trapezium. Although in the second problem, F3
subjects were able to implement the plan that had been made,
the subject experienced a conceptual error in determining the
broad formula of the triangle and the trapezium so that the F3
subject had an error in implementing the plan to solve the
problem. After the subject can write a plan in solving the
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problem, the subject can easily carry out the next stage to
solve the mathematical problem. But if the subject is not able
to make a plan in solving the problem well as in the subject F2
and F3, the possibility of the subject being able to solve the
mathematical problem is very small. This is supported by the
results of observations which show that subjects F2 and F3
cannot solve mathematical problems. Errors that are like
calculation errors do not occur in the subject. This shows that
the subjects include being careful in carrying out calculations.
But the subject experienced a procedure error in solving the
problem; this error could occur because, in the previous stage,
the subject had experienced a procedure error. Another
mistake that occurs at the stage of implementing the plan to
solve the problem is a misconception. Concept errors occur in
the subject due to the subject's initial knowledge such as the
concept of the triangle, and the formula for the area of the flat
building is very weak. To avoid mistakes like this, the teacher
can do this by repeating the material that has been given to
students in the form of apperception during the learning
process. So that apperception is not always repeated so that
students can become saturated, learning media can be used
as a substitute for the teacher to convey this message. The
form of book media can be used to help the learning process
carried out by the teacher. Books used in learning are
expected to increase students' interest in reading and studying
Mathematics, so the design of the books used is not like the
design of textbooks that have been used by students in
Mathematics learning.

3.4 Error of Look back at the completed solution
In general, the subject is used to find out the characteristics of
students in solving problems, writing conclusions from all the
steps taken to solve the problem. Unlike the F2 and F3
subjects who did not write findings from all the actions taken to
solve the problem, this was because the subjects F2 and F3
did not carry out the planning stage (second stage) and the
stage of implementing the plan to solve the problem (third
stage). One step that can be used by students to do the rechecking phase is to interpret the answers obtained by giving
conclusions at the end of the students' answers [56]. By giving
conclusions at the end of each answer, it can be stated that
students have believed that students' answers in solving
problems. By understanding this answer, indirectly, the
students' answers are by the wishes or scenarios that have
been determined by the students. Although there are subjects
who already believe that they have done all the stages and
there are no errors in solving the problem, the final results
show that there are still errors such as the subjects who made
mistakes in the previous stages. Look back at the completed
solution has the smallest weight among the other stages of the
policy, but if this step is not done the student cannot make
corrections or correct mistakes such as conceptual errors,
procedural errors and calculation errors that have been done
at the previous stages [57]. By doing this last stage, students
can minimize mistakes that might appear in the previous
stages [58], students can check the systematics and the
stages of completion whether it is good and right or not,
students can carefully review each step of the solution they
do. This last stage is sometimes not done carefully by students
so that the process of checking back done by students has not
shown the expected results.
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4 CONCLUSION AND SUGGESTION
At the stage of understanding the problem, in general, the
subjects did not make mistakes in the first stage even though
some subjects did not write down what was known and asked
about the problem at hand. At the stage of planning to resolve
formal subject problems experience principle errors and
procedural errors. At the stage of carrying out the transitional
and concrete subject plan experience the mistakes of
concepts and procedures, whereas in the formal subject
because in the previous stage it cannot arrange the scenario
to solve the problem, the formal subject cannot implement the
plan to solve the problem. In the fourth stage, in general, the
subjects interpret the overall stages of solving the problem. To
avoid mistakes like this, the teacher can do this by repeating
the material that has been given to students in the form of
apperception during the learning process. So that
apperception is not always repeated so that students can
become saturated, learning media can be used as a substitute
for the teacher to convey this message. The form of book
media can be used to help the learning process carried out by
the teacher. Books used in learning are expected to increase
students' interest in reading and studying Mathematics, so the
design of the books used is not like the design of textbooks
that have been used by students in Mathematics learning.
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