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ABSTRACT

The purpose of this article is to explore student’s metacognitive failure based on red flag in mathematics problem
solving. Red flag is a term that indicates the metacognitive failure was occurred, which is characterized by (1) there is
an error detection, (2) no progress at processing step of activities, and (3) there is an ambiguity in the final answer, that
can be appeared in metacognitive activities. There are three metacognitive activities, i.e. (1) metacognitive awareness,
(2) metacognitive evaluation and (3) metacognitive regulation. At least, 10 students were determined as research subject
candidates who were organized by two groups. The first group consisted of students who were assigned to create an
exemplification by using numbers, meanwhile another group contained of students who used some formula to solve the
problem. Consequently, two research subject were taken from each groups. The data were collected by assignment sheet
which was completed by the subject through think aloud and followed by interview based on the results of their works.
The findings in this study showed that students who solved problems by making assumptions using numbers had 10
metacognitive failures, which included all red flags. Equally important that, students who used formulas in solving the
problems had three metacognitive failures which included all red flags

Keywords: metacognitive failure, activity metacognitive, red flag, problem solving.

in other hand they must determine a strategy to solve it.

1. INTRODUCTION
ODUCTIO This is mentioned by [8] that math problems are different

1.1. Background

Problem solving is known as a critical component in
mathematics education. By solving the problems,
students are expected to get a way of thinking in solving
problems, have curiosity, and persistence in studying a
problem and be able to solve problems outside the
classroom [1].

Problem solving is mentioned as a skill that involves
several processes, including analysing, interpreting,
propositioning, predicting, evaluating and reflecting
which are the main goals of various mathematics
curricula in various countries [2, 3, 4, 5]. Furthermore,
[6] stated that problem solving is one of tools that is used
to get understanding from things that are not yet clear to
something clearer because solving problems is a special
ability that requires one's intelligence.

[7] stated that when a student faced a math problem,
it usually hard for students to find a solution immediately,

from practice questions. Practice questions can use
routine procedures, while math problems can be solved
using procedures that are not routine.

Problem solving activities are closely related to
metacognition. Metacognition is the thinking concept to
think [9, 10, 11, 12]. Metacognition is an important
dimension in problem solving because it includes
awareness, monitoring, and regulation of a person's
cognitive processes [13]. Problem solving skills and
metacognitive awareness have an important role in
improving the mathematics achievement of high school
students [14].

The metacognition component  consists  of
metacognitive knowledge and metacognitive regulation
[15, 16, 12, 17]. Metacognition refers to students'
awareness of their own cognitive processes and the
arrangement of these processes to achieve certain goals
[18, 19]. Some researchers concluded that metacognitive
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processes may able to improve problem solving
outcomes [20, 21, 22].

The relationship between metacognitive skills and
student learning outcomes is stated that metacognitive
strategies can improve student academic achievement
[23]. Metacognition can be used as a useful tool to
develop students' problem solving skills, moreover
metacognitive processes can improve problem solving
results [24, 20, 21, 22]. According to [25], there is a
positive relationship between metacognitive activities
and the problem solving implementation.

There are three metacognitive activities, (1)
metacognitive awareness; related to individual awareness
where they are in the learning process or in the problem
solving process, (2) metacognitive evaluation; refers to a
decision on the effectiveness of individual thinking about
the strategy he chooses, and (3) metacognitive regulation;
occurs when individuals modify their thinking in solving
problems [26, 25].

Metacognitive processes are essential in solving
mathematical problems, even though students have
metacognitive but there are still metacognitive failures in
solving these mathematical problems. [27] states that
there are 3 metacognitive failures in solving math
problems, namely (1) metacognitive blindness, (2)
metacognitive vandalism and (3) metacognitive mirage.

Studies on metacognitive failure has been carried out,
including [28] which states that metacognitive failure
occurs in students in proofing math problems that is
observed based on an assimilation and accommodation
framework. Furthermore [29] argued that student
metacognitive failures occurred because of errors made
by students in metacognitive evaluations. [30] found
types of metacognitive failure that occurred in
metacognitive blindness, metacognitive vandalism and
metacognitive mirage. She also found students'
metacognitive failures in problem solving based on Artzt
and Armor-Thomas procedures.

Metacognitive failure in problem solving was not
only lead to inappropriate solutions [27, 31], but also be
observed from “red flags” [27]. There are three types of
"red flags" that can identify the occurrence of
metacognitive failures, they are: (1) there is no progress
in the process of finding a solution (lack progress), (2)
detection of errors (error detection) in the problem
solving process, (3) there is ambiguity in the final answer
(anomalous result). "Red flags" can occur at the problem
solving stage of the process and also appear in
metacognitive activities [27, 31].

Based on the preliminary observations result which
was made by researchers on 20 students of the
Mathematics Education Study Program, FKIP Jambi
University in January 2020. It was found that students'
metacognitive failures in solving math problems were
marked by the occurrence of a "red flag" in students'
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metacognitive activities. This can be seen from the results
of student work in solving math problems. Researchers
gave couple of problems to a student related to the area
of equilateral triangles, area of circles and area of
squares, which has one clause that these shapes have the
same circumference. Metacognitive failure that occurs in
metacognitive awareness activities is that students
presuppose the side lengths of each shapes. In this case,
an error can be detected in problem solving (error
detection). Students did not pay attention to the errors
unconsciously while solving the problems which direct
students to have experience in metacognitive failure
called metacognitive blindness.

In the metacognitive evaluation activity, students
calculated the area of each shape by substituting the
presuppose value to determine the perimeter of each
shape. Through this case it is also detected that an error
occurs in trouble (error detection). Students changed
problems by implementing inappropriate conceptual
structures to overcome deadlocks that will lead students
to have metacognitive failure, which called
metacognitive vandalism.

Straightforward to the metacognitive regulation
activities, in these activities students used the perimeter
formula for each shape that will students have no
progress in finding a solution (lack progress). Students
experienced errors in problem solving but they stop to
continue the right strategy and changed the correct
calculations so that students experience metacognitive
failure, which is called metacognitive mirage.

Studies about metacognitive failure has been
conducted and developed since 2000 initiated by [21]
suggested that there was metacognitive failure in high
school students based on red flags. [28] considered the
metacognitive failure of students in carrying out
mathematical proofs. In the end, [29] proved that there
was metacognitive failure in students' metacognitive
activities in solving mathematical problems. Furthermore
[30] verified the metacognitive failure based on
metacognitive behavior. Consequently, the researcher
needs to trace student metacognitive failures based on red
flags on metacognitive activities in solving mathematical
problems.

1.2. Research Question

Based on the background as the statement above, the
research question is how the occurrence of metacognitive
failure in solving math problems that are traced based on
the occurrence of "red flags" in metacognitive activity
happens?

1.3. Research Purpose

Based on the research question, the research objective
was to determine the occurrence of student metacognitive
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failures in solving math problems, which is traced by the
occurrence of a "red flag" in metacognitive activity

2. METHOD

2.1. Types of Research

This study examined the occurrence of metacognitive
failures of students in solving math problems. Therefore,
this type of research is a qualitative exploratory research.

2.2. Research Subject

The research subjects were students of the FKIP
(Faculty of Teacher Training and Education)
Mathematics Education — Jambi University, who had
studied mathematics problem solving material and were
registered in the 2020/2021 academic year. The research
subjects were selected using purposive sampling which
follow the selection process as follows:

1. Gathering the students that will participate as
prospective research subjects along with determining the
time to collect the data

2. Handing the assignment that must be done by subjects
by think cloud

3. Conducting interviews based on question sheets
carried out by subjects to go into their thoughts which are
not count on think cloud

4. Grouping the subjects based on their answer; (1)
subjects who solve problems by using numbers, (2)
subjects solve problems by using without numbers

5. In each group 1 subject was selected. S1 was selected
as the representative from the first group, and S2 as
representative from second group.

2.3. Research Instruments

1. The main instrument was the researcher itself who
acted as a planner, data collector, data analyser, data
interpreter and reporter of research results.

2. Supporting instruments were assignment sheets and
interview lists that have been validated by 2 validators.

2.4. Research Procedure

The research procedure consisted of the following
stages:

1. Research preparation; (a) instruments preparation,
(b) instruments validation, (c) Gadget as tools for
collecting data such as hand phone or laptop, (d)
Students’ schedules arrangement

2. Data collection which was conducted by the
researcher, was done by guiding the subjects to solve
problems using think aloud. Students' think aloud results
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were recorded using a cell phone. Based on the results of
recordings and assignments done by the subject, and
followed by interviews on the subject.

3. Data analysis was accomplished in the following
steps: (a) transcribing data obtained from think aloud and
interviews, (b) reducing data, (c) coding data, (d)
describing students' metacognitive failures in problem
solving, and (e) draw a conclusion.

3. RESULT

3.1. Subject Solves Problems by Using
Numbers (S1)

S1 resolved the problem for 37 minutes 11 seconds.
They read the questions and carried out metacognitive
awareness activities by recalling the questions that they
have read. This can be seen from the results of the S1
think aloud as follows:

S1 : There are equilateral triangles, circles, and
squares, and they have same circumference.
It means there will be the circumference of
triangle, the circumference of circle and the
circumference of square

S1 conducted a metacognitive evaluation activity that
the circumference of an equilateral triangle, circle, and
square were equal. Furthermore, S1 perform
metacognitive regulation activity by determining the
formula used, which is the circumference formula of
triangle, the circle and the square area’s formula. This can
be seen from the results of the S1 think load as follows:

S1 : The circumference of the triangle must be
equal to the circumference of the circle and
equal to the circumference of the square. The
equilateral triangle formula is equal to 3
times s or the sum of the three sides. The
circumference of a circle is equal to & times d
and the circumference of a square is equal to
the sum of 4 sides or 4 times s.

Besides, students rethought what if those three flat
shapes put in a square. They conducted metacognitive
regulation activities which indicate there was no progress
in the process of finding a solution (lack progress), and
made student changed the context of the problem to their
own knowledge understanding, which led into
metacognitive vandalism. This can be proven from the
results of S1 work in Figure 1.
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Figure 1 S1 work result in describing equilateral
triangle and circle in a square

After that, students rethought that the formula for the
circumference of a circle is mw.d, and the diameter (d) is
equal to the side length of the square. In conducting
metacognitive regulation activities, the error detection
was found in the problem solving process which caused
the students were not aware of an error they had made
and caused that they had metacognitive mirage. The think
aloud showed as below:

S1 :  The circumference formula of circle is 7 times
d, and the diameter of the circle is equal to
the side of the square ..... an equilateral
triangle means ....

S1 experienced metacognitive regulation by
revealing that this problem can be solved using the
equilateral triangle area formula which is 1/2 x base x
height, circle area formula is nr2 and square area formula
is side times side, as think loud showed below:

S1 : Ihave to find the ratio area. hmmm.. the area
of each shape are equal. Wait, This is the
circumference formula, and the area formula
is ... The equilateral triangle area is 1/2 times
the base times the height. So the circle area
formula is mwr2. It means the square area
equal to the side times the side.....

S1 rethought by doing a metacognitive evaluation, if
the circumference of each shape (equilateral triangle,
circle, and square) had the same value, then the ratio of
each area can be determined. The subject conducted a
metacognitive evaluation and showed that the ratio of
each area can be determined using numbers. In this case,
they changed the context of problem to fit with its
concept. Unfortunately there was no progress in finding
a solution (lack progress) which means that the S1
experienced metacognitive vandalism, as think aloud
showed below:

S1 : SI: “well.. from this circumference..... it is
known that the circumference of the
equilateral triangle, circle, and square have
same value, so how can I determine the ratio?
What should I do?... what if I use numbers?”

Furthermore, S1 rethought by doing a metacognitive
evaluation, if the circumference of each shape had same
value. Did the area value of each shape also have the
same value? In this case, there was ambiguity in the final
answer (anomalous result), so students changes the
context of the problem to in line with their own
knowledge, which caused they have metacognitive
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vandalism. This can be seen from the results of the S1
think aloud as follows.

S1 : They have same circumference... Yes they
do... oh wait, what if they also have the same
value of their area?”

S1 read the problem and rethought if the equilateral
triangle, circle and square had the same circumference
means that the area ratio also had the same value. This
directed S1 using numbers to solve the problem. When
the circumference of equilateral triangle equal with the
perimeter of circle equal with the perimeter of square
equal with the area of equilateral triangle equal with the
area of circle equal with the area of square. Area of
equilateral triangle: area of circle: area of square = 1: 1:
1. In this case students experienced metacognitive
regulation and an error detection is detected in the
problem solving process which caused students were
making errors in problem solving and did not aware that
there was a red flag. Therefore, they experienced
metacognitive blindness, as think aloud showed below.

S1 : Because they have different shape, the area
may be different. But wait the value of their
area are same ... | can see that there is a
triangle shape, what is the circumference?
There is a square too. The area could be like
that, but in a different ... am | right? It seems
...... having the same circumference means the
area ratio can also be the same ... because
their same circumference

S1 rethought again by supposing that the
circumference of an equilateral triangle is equal to the
circumference of a circle equal to the circumference of
the square. Students assumed the circumference of an
equilateral triangle is 28 cm, means that, the length of the
triangle is 28/3 = 9, ..., If the circumference of a circle is
28, then the diameter of the circle is 8.9 or close to 9. If
the circumference of the square is 28, so the length of the
square is 28/7 = 7. Based on the length sides of the square,
the area is equal to 7 x 7 = 49, the area of the circle is
equal to 3.14 x 4.5 x 4.5 = 63.585., and the area of an
equilateral triangle is equal to 1/2 x 4.5 x 7 = 34.65. In
this case students performed metacognition regulation
which causes no progress in the process of finding a
solution (lack progress), which means they experienced
metacognitive vandalism. This can be seen from the
results work in Figure 2

Figure 2 S1 work results in determining area
comparisons using numbers
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In the next step, S1 conducted a metacognitive
evaluation to make sure that the equilateral triangle’s area
vs circle’s area vs square’s area were not equalto 1 : 1 :
1. The area ratio supposed to have the same. They were
not sure yet that if they used numbers, the ratio of each
the plane geometry was distinctive, even though the
comparisons should be the same. This results showed that
there was an ambiguity in the final answer (anomalous
result) which causes students experienced metacognitive
vandalism, as think aloud showed below:

S1 : Look from here, if we look at the ratio of a
number ... the ratio does not become 1 to 1 to
1 ... but it should be the same ratio. If | use
numbers ... the difference is so distinctive ...
An equilateral triangle, a circle and a square

have the same circumference ... the
circumference of these boundaries ..... is it
same?

Then S1 rethought that the equilateral triangle can be
represented in a square, but there were some areas of the
equilateral triangle that were outside of the square. In this
case they had metacognitive regulation and experienced
error detection in the problem solving process, which
results they experienced metacognitive blindness. This
can be seen from the work results in Figure 3.

An

Figure 3 S1 work results in drawing a triangle in a square

S1 redrew the equilateral triangle, circle and square. They
supposed the equilateral triangle’s circumference was
equal to 40, and they got 3 s =nd =4 s. 3 s = 120. The
side length of an equilateral triangle is 40, the radius of
the circle is 19 and the side of the square is 30. Based on
the side lengths of an equilateral triangle, the radius of
the circle and the side length of the square are equal,
students get the equilateral triangle area is equal to 520
cm, circle are is equal to 1133.54 and square area is equal
to 900. In this case students experienced metacognitive
awareness and error detections (lack progress) in
determining the area of each plane. It led students
experienced metacognitive blindness. This can be seen
from the working result in Figure 4.
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Based on the area calculation of each plane, students
concluded that by knowing the ratio of the each plane
circumference were the same, the ratio of equilateral
triangle area, circle area and square area was 2 : 4: 3. In
this case students experienced metacognitive evaluation
activity which they were not sure with the answer and led
into an ambiguity in the final answer (anomalous result).
Therefore,  students  experienced  metacognitive
vandalism. This can be seen from the interview result
between researcher (R) and S1 as follows.

S1 : So,itcanbe concluded that the circumference
of the equilateral triangle, circle and square
are the same .... Because they have the same
value the area of each shape are uncertain
have the same value. Ratio of the area is 2 to

4103
R : Areyou confident with your answer
S1 : I'mnotsure

3.2. Subject Solving Problems Without Using
Numbers (S2)

S2 solved the problems for 10 minutes 52
seconds. Students read the questions and carried out
metacognitive awareness activities by recalling the
questions they have read. They immediately drew
equilateral triangle, circle, and square on the answer sheet
as shown in Figure 5.
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Figure 5 The results of S2 Work by drawing the sketch
of Equilateral Triage, Circle, and Square

Then, students performed metacognitive regulation
activity by determining the formula for the circumference
of an equilateral triangle is equal to 3 s, the circle
circumference is 2nir and the square circumference is 4s.
This can be seen from the results of S2 think aloud as
follows.

S2

The circumference of an equilateral triangle

b 0 T
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Figure 4 S1 work results in comparing the area of an
equilateral triangle, area of a circle and area of a square

is equal to 3s, the circumference of a circle is
equal to 2zr the circumference of a square is
equal to 4.

In metacognitive evaluation activity, students tried to link
the equilateral triangle circumference to circle
circumference. It said that 3 s = 2zr, then s = 2/3 nr.
Following with connected the circumference of a square
to the circumference of the circle and showed that 4 s =
2xr, s = 1/2 wr. This can be seen from the students work
result in Figure 6.
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Figure 6 S2 work results in comparing the circumference
of equilateral triangle, circle, and square.

Furthermore, students performed metacognitive
regulation to determine the area of each plane. The
triangle area is % a.t. The square area is s X s which is
equal to (%m‘ x %m) is equal to inzrz, and the area of

acircle is equal to 2. This can be seen from the results
of S2 work as shown in Figure 7.

Luas A = JI;,--A.'J \

lqu O = hT12

Figure 7 S2 Work Results in defining the area formula
of equilateral triangle, circle, and square

Students experienced metacognitive regulation activity
by comparing square are with circle area, so it showed

that %nzrzz mr? = p:4. To find the height of an

equilateral triangle, students determined triangle side
length is § x 1 xr, then the height of the equilateral

2
1 —
triangle is (gnr) - (@). In this case there is no

progress in determining the solution (lack progress).
Therefore, S2 changed the context of the problem to fit
their own knowledge concept. It led students experienced
metacognitive vandalism. This can be seen from the
work result as shown in Figure 8.

Akﬁ“ h

A

3 (5r0)

b (3r)- L)
= Noa

Figure 8 S2 work results in determining the height of an
equilateral triangle.

Then, S2 experienced metacognitive regulation again to
determine the equilateral triangle area vs circle area vs

- 1 .
square area is equal to /—E: m: 4. The calculation

result showed that it is equal to \E: nr? =
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\/G nr) — (% (gm') : wr? . So the ratio of each plane

. .1 .
area respectively is Sim 4. In this case, an error was

detected in the problem solving process, and students
experienced metacognitive blindness. This can be seen
in Figure 9.
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Figure 9 S2 work results in determining the comparison
of equilateral triangle area, circle area and square area
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At the end, S2 conducted a metacognitive evaluation
which caused an ambiguity in the final answer
(anomalous result) and made students experienced
metacognitive vandalism. This can be seen from the
results of the interview between the researcher (R) and
S2 as follows.

R : Areyou confident with the final result?

S1 : [Iamnot, Ma’'am

R : Why?

S1 : Because of my calculation the triangle’s area

equal to /—%

4. DISCUSSION

Students who used numbers in problem solving
experienced 10 times metacognitive failure, happened 1
time in metacognitive awareness activity, 4 times in
metacognitive evaluation activity and 5 times in
metacognitive regulation activity. Students came through
metacognitive blindness in metacognitive awareness
activities with red flags (error detection) because students
thought that if an equilateral triangle has the same
circumference as a square, then the area of an equilateral
triangle is equal to the area of the square. This is in
accordance with [32] that the mistakes which is made by
students in problem solving are lack of understanding,
forgetting procedures, writing information incorrectly
from the questions, carelessness and guesses.

When students experienced metacognitive evaluation
activities, students had metacognitive vandalism which is
indicated by the occurrence of red flags, there was no
progress in the process of finding a solution (lack
progress). It occurs because students use numbers in
problem solving. This is in line with the opinion of [21]
which states that students are able to recognize obstacles
in problem solving and are able to fix and overcome
problems for progress in problem solving. Moreover,
metacognitive vandalism also occurred 3 times in the
metacognitive evaluation, which was marked by the
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occurrence of red flags and ambiguity in the final answer
(anomalous result). Metacognitive vandalism s
experienced by students due to ambiguity in the final
answer because they use numbers in problem solving,
change the context of the problem according to their
knowledge and conclude that the ratio of the each area
(equilateral triangle, circle, and square) is 1: 1: 1.
Lecturers can help students if there is ambiguity in
problem solving. This is in line with the opinion of [33],
which states that lecturer assistance is needed if there is
ambiguity of purpose and definition problem in problem
solving.

In  metacognitive regulation activity, students
experienced metacognitive  blindness once and
experienced metacognitive vandalism twice. When
students experienced metacognitive blindness, students
stated that if the circumference of an equilateral triangle
is equal to the circumference of a circle is equal to the
circumference of a square, the ratio of the area of an
equilateral triangle, the area of a circle and the area of a
square is equal to 1: 1: 1. This led students to rethink if
several shapes have the same side, so the area of the shape
is the same. This showed that there is an error in the
problem solving process. Furthermore, in metacognitive
regulation activity, students experienced metacognitive
vandalism by assuming that the each side of equilateral
triangle, circle and square each were equal to 28 cm
which caused no progress in finding a solution. This is in
accordance with [27] statement, said that metacognitive
failure in problem solving is marked by the occurrence of
red flags, when there is error detection in problem solving
process and there is no progress in solving mathematical
problems.

Furthermore, when students completed problem
solving without using numbers, they experienced 3 times
metacognitive  failure, specifically 1 time in
metacognitive evaluation activity and 2 times in
metacognitive regulation activity. When students
experienced  metacognitive  evaluations,  students
experience metacognitive vandalism, which is indicated
that the students has been changing the problems
according to their own understanding. In this case there
was a red flag named ambiguity in the final answer
(anomalous result). This support with [29] which states
that the occurrence of metacognitive vandalism causes
students to change the concept of a problem that impacts
to uncertainty of their final answer.

In  metacognitive regulation activity, students
experienced metacognitive blindness which is means that
students wrote a negative number under the square root.
This is indicated by the occurrence of red flag that there
is error detection in the problem solving process. It
confirmed [34] opinion, which states that students
experience many errors in problem solving such as
carelessness, incorrect calculation rules, wrong
identification of problem types and wrong calculations.
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Finally, in the metacognitive regulation activity, students
experienced metacognitive vandalism, when students
made error calculation in solving math problems. This is
showed by the occurrence of red flags and the lack of
progress in finding solutions. Therefore, to solve this
case, it is needed help from the lecturer in problem
solving process. This is in line with the opinion of [35]
which states that lecturers can help students develop self-
confidence, motivation and persistence in solving math
problems. Consequently, it will be necessary action for
lecturer to improve students problem solving skill and
their mathematical understanding concept.

5. CONCLUSION

The results showed that students who solved problems by
making assumptions through numbers had experienced
10 times the metacognitive failures which included all
red flags. Meanwhile, students who use formulas in
problem solving experience 3 times metacognitive failure
which includes all red flags.
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