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Metacognitive Failures of Preservice Mathematics
Teachers in Problem Solving

By Zeyneb Betiil Kaya" & lbrahim Kepceoglu®

Metacognitive success is one of the factors that positively affects problem
solving skills. ldentifying metacognitive failures in the problem-solving process
is also important in recognizing the factors that will inhibit metacognitive
success. In this study, it is aimed to reveal metacognitive failures of pre-service
mathematics teachers in the process of given mathematical problems. The
present research on investigated metacognitive failures of pre-service teachers
in the process of problem solving is modelled as case study. Data collection was
carried out in clinical interviews were conducted with the preservice teachers
who were predicted to obtain rich data in accordance with the purpose, using
the ““think aloud”” interview technique, among these pre-service teachers. As a
result of the analysis of the data and field notes obtained from the clinical
interview voice recordings, 8 different metacognitive failure behaviors were
encountered; including ““metacognitive mirage” two times, ‘“‘metacognitive
blindness” three times and ““metacognitive vandalism™ three times.
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Introduction

In contemporary education system, it is important for the students to reach the
right information by doing research, to use this information, to manage their own
mental process and to gain high level mental skills. In order to be successful
individuals in academic and social field, students must have be aware of their own
learning style and develop appropriate learning strategies. Metacognition is also
important as the knowledge acquired by the student about his own learning. In the
previous studies with students in elementary school, the use of metacognitive skills
in problem solving process have been investigated in quantitative and qualitative
ways (Aydemir and Kubang 2014, Jacobse and Harskamp 2012, Swanson 1992,
Sengiil and Isik 2014). According to the results obtained from these studies, the
students with metacognition successfully exhibited metacognitive behaviors in the
process of problem solving. On the other hand, the relationships between
metacognition and problem solving success have been also conducted with
secondary and university students (Bakioglu et al. 2015, Basol et al. 2014, Kapa
2001,Kiremitgi 2011, Yildirrm and Ersozlii 2013). According to the results of
these studies, a significant relationship has been found between metacognition and
problem solving success. In addition, gaining metacognitive skills to students
increased the success in problem solving.

“Research Assistant, Cukurova University, Turkey.
*Associate Professor, Kastamonu University, Turkey.

https://doi.org/10.30958/ajs.9-4-4 doi=10.30958/ajs.9-4-4



https://doi.org/10.30958/ajs.9-4-4

Vol. 9, No. 4 Kaya & Kepceoglu: Metacognitive Failures of Preservice ..

In contrast to above researches, in this study, it is aimed to reveal metacognitive
failures of pre-service mathematics teachers in the process of given mathematical
problems. In mathematical metacognitive processes; Metacognitive failure
situations have not been studied in different forms, except for not using useful
information and lack of control behavior (Goos 2002, Stacey 1992). As explained
below, defining metacognitive failures is important in mathematical problem
solving processes. Also, nearly any study has been conducted about this subject in
literature except Goos (1997, 2002), Ng (2010), Stillman (2011), Huda et al.
(2016, 2018), Surya (2019) and Faradiba and Alifiani (2020) in which the term
“metacognitive failure” is defined.

Literature Review
Metacognition

Conceptualizations of metacognition have expanded over time within
educational psychology and mathematics education. Despite the extensive
theoretical and empirical literature on metacognition, there is no consensus
definition of the construct. Metacognition was first defined by Flavell (1976) as
“one’s knowledge concerning one’s own cognitive processes and products or
anything related to them” (p. 232). Flavell (1976, 1979) described several aspects
of metacognition, including metacognitive knowledge and metacognitive
experiences, as well as the monitoring, regulation, and orchestration of cognitive
processes. Soon after Flavell (1976) introduced the term, metacognition, Brown
(1978) reviewed existing research on related phenomena, describing several
aspects that later came to be recognized as aspects of metacognition, including
planning, checking and monitoring, and knowing when and what you know. In
summary, metacognition refers to the psychological structures, knowledge, events
and processes that are involved in the control, modification and interpretation of
thinking itself (Wells and Hatton 2004). A good understanding of the concept of
metacognition is possible by explaining its relationship with the concept of
cognition. Cognition is defined as the functions and working processes of the brain
used in the mental activities of individuals such as attention, perception,
understanding, interpretation, discrimination, making sense of information, and
reasoning (Bacanlh 2002, Omeroglu and Kandir 2005). During the realization of
these tasks in cognitive processes, the responsibility for managing the tasks
belongs to metacognition. Metacognition refers to a series of processes that an
individual uses to monitor ongoing cognition in order to effectively control his or
her behavior (Desoete and De Craene 2019, Rhodes 2019, Veenman et al. 2006).
Metacognitive activities that occur in the individual occur either before cognitive
activities or during cognitive activities. Metacognition includes information about
the strategies that an individual uses to fulfill cognitive tasks, as well as self-
monitoring and evaluation skills while performing these tasks (Desoete and
Veenman 2006, Schoenfeld 2016). When the studies on metacognition are
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examined (Asik and Sevimli 2015, Ozsoy 2011), metacognition is structurally
under two headings as metacognitive knowledge and metacognitive control.

Metacognitive knowledge refers to an individual’s knowledge, strategy,
beliefs, and cognitive awareness of a task or problem situation. Knowing the
solution strategies and solution ways of how to solve a problem correctly, that is,
knowing the procedures of a task and being aware of the situation of being able to
do this task is within the scope of metacognitive knowledge. Although Flavell
(1979) suggested that person, task and strategy variables constitute metacognitive
knowledge, Paris et al. (1984) argued that metacognitive knowledge can be
organized as declarative, procedural and situational knowledge. These three types
of knowledge have often been discussed and expanded upon in later metacognitive
studies. In general, metacognitive knowledge refers to individuals' awareness of
their own knowledge of their strengths and weaknesses, and includes tasks,
strategies, and knowledge related to the achievement of a particular task.

Metacognitive control is defined as an individual’s ability to use his/her
metacognitive knowledge to fulfill cognitive tasks and to manage cognitive
processes (Desoete et al. 2019, Flavell 1979, Ozsoy 2008). Metacognitive control
skills were examined under four headings: estimation, planning, monitoring and
evaluation. It shows that metacognitive control skills have an important place in
the learning processes of the individual, as he monitors and evaluates the cognitive
processes of the individual and can organize these processes by choosing
appropriate strategies according to different situations.

The frameworks outlined by researchers in educational psychology are very
similar to the processes of mathematics problem solving as described by Polya
(1945), and Garofalo and Lester (1985). The works of these mathematics
researchers and educators contextualize regulation by studying how students
regulate their thinking during problem solving situations. Previous studies
investigating the impact of metacognition on problem solving have shown that
people with metacognitive skills perform better in problem solving environments
(Balc1 2007, Ozsoy 2008, Pilten and Yener, 2010, Baggeci et al. 2011, Ogras
2011, Memnun and Akkaya 2009, Kanadli and Saglam 2013, Aydurmus 2013,
Azak 2015, Yildiz and Giiven 2016, Kaplan et al. 2016, Demir 2016, Lester 1994,
Lester et al. 1989). However, as much as the presence of metacognitive behaviours
is crucial for favourable problem solving outcomes (Hessels and Hessels-Schlatter
2010), researchers have found that the quality of the nature of metacognitive
interactions (Stillman and Galbraith 1998) is just as important.

Metacognitive Failure

The term “metacognitive failure” is firstly defined by Goos (1997, 2002).
This term indeed is related to “red flags”. Metacognitive red flags can occur at
critical junctures where the problem solvers are faced with important decision
making pertaining to the success or failure of their attempts. Thus, purposeful,
conscious, and at times drastic actions (e.g., pausing for reflection, backtracking,
re-doing the problem in another way) may be warranted to change problem solving
pathways. Nonetheless, subsequent metacognitive regulatory behaviours (or the
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lack of them) in reaction to red flag situations also play a large role in savaging or
sabotaging the problem solving situation. Goos (1997, 2002) identified three red
flag situations in her study of group collaborative problem solving process: (a) lack
of progress, (b) error detection, and (c) anomalous or strange results. According to
Goos (1997, 2002), red flag situations are distinguished from routine monitoring
behaviours (e.g., assessment of knowledge, approach, outcomes) which served to
confirm that the problem solving process is on the right track.

Goos (2002) identified three types of metacognitive failures displayed by
problem solvers in reaction to red flags. These are described by the metaphors of
“plindness”, *“vandalism”, and “mirage”. Metacognitive blindness occurs when a
problem solver did not notice his or her likelihood of impending failure in solving
the problem, opting for instance to continue with an inappropriate approach.
Metacognitive vandalism comes into play when problem solvers decide to take
destructive action to deal with a deadlock situation (e.g., changing the conditions of
the problem so as to suit the fixed mindset of the problem solver). Metacognitive
mirage takes place when problem solvers mistakenly change course of actions
upon perception of difficulties which in fact do not exist. These metacognitive
failures types is schematized in Figurel.

Figure 1. Metacognitive Success and Failure Scenarios
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Source: Goos 2002, p. 9.

Methodology
Research Design

The present research on investigated metacognitive failures of pre-service
teachers in the process of problem solvingis modelled as case study, which is a
qualitative study method.

The case study explores a case or event that the researcher cannot control
based on the “how” and “why” questions (Simsek and Yildirim 2011). From this
point of view, case study methodology was found suitable with the aim of the
current research because the aim of this study is to investigate the behavior of pre-
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service teachers in the process of problem-solving according to the metaphor
defined by Goos (2002) and to reveal these behaviors ‘how’ and ‘why’ occurred.

Participants

The study group of the research is 5 second grade preservice teachers from
Kastamonu University, Department of Elementary Mathematics Education. The
study group was selected in accordance with criterion sampling, which is a
purposive sampling method. Purposive sampling enables the studying of cases,
which are thought to have rich information (Patton 2002). The criterion for the
selection of these pre-service teachers to participate in the present study was they
are considered to be sufficient for the problems to be given because they completed
the required courses and additionally they took course in “problem solving and
posing” last semester.

Data Collection Tools

The data collection tool was prepared for requiring knowledge and reasoning
skills. In order to prepare, firstly, some problems about metacognition and
metacognitive failure in the literatire were examined. Two expert opinions were
taken from the field of mathematics education to determine whether the data
collection tool are valid and reliable. As a result of the evaluation of these
opinions, the data collection tool consisting of 4 open-ended problems was
prepared.

The data collection tool was applied to 5 pre-service teachers in clinical
interview sections. They were asked to explain the problems they had in the
solution processes, explain the reason of the strategy they chose and not delete
them when they thought they made a mistake, but instead continue explaining why
they changed their minds. Clinical interviews give opportunity to “enter the
persons’ mind” considering individual difference and their mathematical
understanding (Newell and Simon 1972). For this purpose; the participants were
expected to solve the problems in the text by using ‘think aloud” method
(McKeown and Gentilucci 2007). When the thoughts of the pre-service teacher are
not explanatory, the researcher asked the leading questions like“Can you explain
what you understand about the problem?”, “Why did you choose this strategy?”
and “What do you think about your solution? Can you explain it?”. During the
clinical interview, voice recording and field notes were taken.

Analysis of Data

For the data analysis; data tool collection, voice recording and field notes was
analyzed based on descriptive analysis. In the descriptive analysis, the data is first
described systematically and clearly (Cepni 2014). Afterwards, descriptions are
explained according to the conceptual framework of the research, interpreted and
cause-effect relations are examined and some conclusions are reached (Cepni
2014). In the research; the data were analyzed according to the metacognitive
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failure structures, which is described by Goos (2002), whose themes were is
“metacognitive blindness”, “metacognitive mirage” and is “metacognitive
vandalism”. In terms of the confidentiality of the research, clinical interviewed
participants in the study were coded as PST.1, PST.2, PST.3, PST.4 and PST.5.

Ethical Considerations

The real names of the pre-service teachers participating in the research were
hidden and each of them was given a pseudonym. With the permission of the
teacher candidates, the interviews were recorded on a voice recorder. After the
interview, the transcription of the records was completed and the transcripts were
sent back to them for review and approval.

Findings

In this section, the findings obtained in the research are included. As a result
of the analysis of the data and field notes obtained from the clinical interview
voice recordings, 8 different metacognitive failure behaviors were encountered;
including “metacognitive mirage” two times, “metacognitive blindness” three
times and “metacognitive vandalism” three times. As stated in the research
problem; in this research, it was aimed to show in detail how and why the pre-
service teachers exhibited metacognitive failure behavior in the process of problem
solving. Accordingly in the findings of the research, one for each the sample
presented and discussed about each different metacognitive failure behavior.

Metacognitive Mirage

The first open-ended question where PST1 has encountered a metacognitive
failure is as follows:

Probleml: You are givenl01 identical-looking balls and a two-sided scale. One of
the balls is of a different weight, although you don’t know whether it’s lighter or
heavier. How many weightings of the scale at least you must use to determine
whether it’s lighter or heavier?

The process of solving this non-routine problem that PST1 had never met
during the interview is shown below:

PST1: So, it sounds like two. At least ... is the probability that it will be the least? (02:
00)

R: How many times will be measured but for a final result?

(She thinks again on the question)

While PST1 was first reading the question, she considered the problem as a
probabilistic problem but gave up the idea with the use of the exact result of the
researcher.
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R: Tell me what you understand about the question. (03: 12)

PST1: There are 101 balls. One is different as weight, but the image is the same and
we need to measure it with a scale.

R: What is asked?

PST1: How many times we need to be weighed in order to find out for sure. 51... |
say then

R: How did you find it?

PST1: 1 make group of 50 balls divided into two groups. 50 as | have 50 measurements
in that way, then the last one of the measurements I've made a measure before |
thought 1 would find this way.

R: Do you want to think again? The question is that you are not asked to find the ball
itself, only to find out whether it is heavy or light.

PST1 gave a wrong answer by choosing the wrong strategy at 04:00. While
she only needed to determine whether the different balls were heavier or lighter
than the others, she tried to determine the ball itself by applying 51 measurements.
Again, she gave up the way to solve the problem again by repeating the desired.

PST1: Ok ok! I found it. I can split any ball, for example 50 to 50 measurements.
Either 50 different balls or one ball will be left out. For example, the ball outside will
be different when it is equal. | take one ball from the group (50 balls in the balance)
and put the other ball (the ball outside) and I think I'll find it that way. (07: 30) (new
idea)

R: So what happens when it's not in balance?

PST1: Can we tell if it is light or heavy? What if we took one of the pans and put
them in 25 and then weigh them... but how can we understand from here? (new idea)
[Thinks about the problem situation for a while. (09: 54)]

PST1: We cannot detect it

R: Why?

PST1: For example, the pan is out of balance. Either there is a light ball here (above
the scale of the scale) or heavy (here below the scale of the scale). We can't determine
which one.

At 07:00, PST1 put forward a “new idea” that could lead to the solution of the
problem. In her strategy on 2 probabilities, she followed a correct way of thinking
in case of probability (2 weighing operations to determine if the ball is heavy or
light).In the event of a possibility, although she was actually on the right track, she
could not decide how she could make a determination from there and felt that her
strategy was wrong. After thinking for a while;

PST1: Then I leave this solution. The first thing I'm saying is 51 because the same
thing will come out here.

R: Are you sure about the answer?

PST11: I'm not quite sure, but that's the way | do it.

PST1 thought that she had encountered an anomalous result that is “red flag”
“contradictory” warning sign that she had been dealing with a problem she had not
encountered before and was not sure of what she understood and knew about the
problem. The strategy she was using was unreasonable and did not meet the
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conditions of the problem. She abandoned the useful strategy to solve the problem.
Afterwards, she failed to provide the correct answer to the problem by continuing
her old strategy which was wrong. PST1 exhibited a “metacognitive mirage” by
detecting a red flag warning sign that does not exist even though there was no
error in the problem solving and therefore abandoning a strategy suitable for the
solution in the solution process.

Metacognitive Blindness

In this section, the solution process of PST2 in a pattern problem (Figure 2) is
discussed. In the question, Koch snowflake pattern was used and the shapes and
fields formed in the first two steps were given and the area of the next step and the
number of triangles formed in the iteration of k and the area of one of these
triangles were asked.

Figure 2. Koch Snowflake Pattern
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Source: Goos 2002, p. 9.

The solution process of PST2 in the shown pattern problem is as follows:
When PST2 encountered the problem, he thought about the problem for about 3
minutes.

R: What do you understand from the question? Can you tell me?

PST2: It thought as a pattern. In step 3 this field will already be. Other than that, |
need to find the last addition. [After a little more thought at 04:00.]

PST2: It would be ridiculous, but | didn’t understand where this 12 came from.
(Number of triangles added in Step 2)

R: You need to find it.

When he first read the question, he noticed that there was a pattern question
and that the area of the previous step was preserved from the text given in the
question. But because he didn’t carefully examine what was given in the steps in
the question, he didn’t realize that 12 in step 2 was the last 12 added triangles. If he
had studied more carefully what was given in step 1, he could have noticed that
three triangles were added and the coefficient 3 in the field formula would speed
up the solution process.

PST2: “& N3 /4" is already the formula of the area of the equilateral triangle. So
here he is | thought it could be used, I did not fully understand why it used the sinus
formula.

R: You can do whatever you want.
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PST2, by applying the area formula, has reached the same conclusion as
given in the question (Figure 3).

Figure 3. The Calculations of PST2

PST2: The pattern will now be 1/3, 1/9 and 1/27. In other words, 1/(3.n)%s used in
the pattern (07: 00)

R: What is this formula you found?

PST2: The formula in which the pattern advances If a = 1/3" then | think 1/27 would

be in the third step.

When calculating one edge of the triangles formed in each step (a = (1/3) * n)
PST2 made an error applying to the field formula (Figure 4). He did not notice that
the formula found was incorrect because it did not check whether the general
formula it found provided the previous steps (error detection). PST1 then tried to
find the area of the shape formed in Step 3.

Figure 4. The Calculations of PST2

R: What do you think?

PST2: It had given the same result before (@ 2 V3 / 4). Like it gives again.

R: How?

PST2: In the previous example, we found equilateral triangles with 1/3 edge. We also
find triangles that are 1/9 with the following formula ((1/9)%) \3 / 4) (evaluation)
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He applied his formula and saw that the result was different from the one
given in the question.

PST2: Oh, that didn’t come out, actually.

The first time he applied the equilateral triangle field, he reached the correct
result because he unknowingly multiplied the area by 3, but when he found the
area of a single triangle in Step 2, he encountered an “anomalous result” and
realized that he needed to “error detection”.

PST2: How many of these triangles do I have that have a triangle whose edge is 1/9?
18 yes | used the number of triangles here (the solution he used for step 1).

R: How did you find 18 triangles? (Evaluation)

PST2: So there were 3 triangles, 3 triangles were made again, | thought it would be
18 because it has 6 corners; but | could not make sense of the relationship between 3
and 18. (evaluation)

After thinking a little [at 17:00];

PST2: Actually, | always thought it was 3 triangles, but it’s part of the big triangle,
these two triangles are added later. 12 triangles. Then... (doing its operations) .. here
(Step 3) 6-12-18... 36 (new idea)

R: How did you find it?

PST2: now that 2 triangles are added to each corner, and that's where the 12 comes
from. Here again 2 of these triangles are added to the edge and there are 6 in each
corner is 36 | found here. The shape of the shape formed in step is in this way.
(Figure 5)

Figure 5. The Calculations of PST2

PST2 reassessed the problem solution because he did not find a relationship
between the triangles numbers 3 and 18, and realized red flag “error detection”
checking for error, he found that the number of triangles added in the figure was
actually 12 and showed a successful metacognitive movement. Then, when he
calculated the number of triangles formed in step 3, he thought that 48 triangles
should be added because he thought that only the last formed triangles were
divided into three identical parts, not the whole edge of the shape and 36 triangles
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would be added. If he had followed the steps in the figures, he would have
achieved the right result.

PST2: I’m trying to figure out what these 3 12 and 36 patterns look like, but it
doesn’t, unfortunately (lack of progress) (22: 00)

After considering the question for a certain time;

PST2: Sorry | couldn’t find it

R: Is the number of triangles added?

PST2: Yes. | couldn’t find the pattern of the added triangle number.

R: Why? Where could you have made a mistake?

PST2: I don’t know I couldn’t relate

R: Well you couldn’t find the number of triangles added. What could be the area of
one of the last added triangles?

PST2: | need to find it here, so | need the coefficient at the beginning (number of
added triangles) I can’t find it either

PST2 gave an incorrect answer in the first stage of the problem because he
found the number of added triangles 36 in step 2, which he found during the
solution process. Then he could not find the number of triangles that would occur
in the iteration because he could not find a relationship between the number of
added triangles (3 and 12). At this stage, PST2 encountered a “lack of progress”
which is red flag but ignored the “error detection” that it had successfully provided
in the previous solution steps. If he had noticed this red flag and checked his
operation and re-examined the given data (for example the figure in step 3), he
would have been able to detect the error at this stage and successfully solve the
problem.

In the previous process, PST2 also incorrectly created the field formula of the
triangle and did not validate the general formula it obtained and ignored the red
flag of error detection. In the second part of the problem, he thought that he could
not solve the question because the number of triangles added to find the last added
triangle area did not need to be known. It has been observed that PST2 has
“metacognitive blindness” behavior due to the fact that it does not notice the red
flags that appear at different moments (at 7:00, 17:00 and 22:00) and that it should
review the problem process again and therefore fail to solve the problem.

Metacognitive Vandalism

This section discusses the solution process of a combination problem (Figure 6).
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Figure 6. The Combination Problem (Question in English: How Many Triangles
can be formed by using 12 Points as One of Their Corners)
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The solution process of PST3 in the illustrated problem is as follows:

PST3: 1 often find these questions counting quickly, but this may not be the question.
R: Do you want to apply?

ST3 tried to solve the question by using the counting method, but as he said,
the counting method was not an appropriate method for this question. At the end
of the solution, the PST3 encountered an “anomalous result” (Figure 7).

Figure 7. The Calculations of PST3

R: The result you found is not correct. As you said, the counting method is too long
for this question. Can you solve this question any other way?

PST3: | can do anything. | get all three states in combination, but those that don’t
work for us (linear dots) take them out of all these three. (new idea)

R: How to do?

PST3: I have 13 points. 3_combinations of 13... something like this (Figure 8)
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Figure 8. The Calculations of PST3

When searching for a new solution for the question, PST3 proposed a “new
idea” that could lead him to the right answer, but because he did not examine the
question carefully. He took the 12 points given as 13 points and made a wrong
application because he remembered the combination formula incorrectly. As the
result of his transaction would be a very large number, PST3 was unable to
continue the operation and was encountered a lack of progress (at 03: 28).

R: Are you sure you are doing the right operation?
PST3: No, | made a mistake somewhere. It wasn’t supposed to happen. (reviews) I'll
do it again by counting.

PST3 recognized the red flag “lack of progress” at 03: 22, but when he “error
detection” he decided to apply the method he had previously tried and failed
instead of trying to understand the question and detecting the errors in the solution.
He decided to apply the counting method with reference to different corners this
time, after a long period of struggle, 13:55 minutes reached the following solution
(Figure 9).

Figure 9. The Calculations of PST3
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R: Your answer is not correct again. Where could you have made a mistake? Could
you use another solution?
PST3: I don’t know, but I would try to find it again by counting.

PST3 knew that counting would not be the right strategy when faced with the
problem and did not reach the right result when he first used it (Figure 7). Then,
the preservice teacher who noticed a “new idea” using the right strategy did not
read the question carefully and misused the combination formula once again
caused a faulty solution (Figure 8).

Even though he noticed the “lack of process” red flag indicating that something
was wrong in his solution, he chose to use the counting method, where the
probability of finding the right result was rather poor, rather than giving correct
feedback and correcting the wrong points. As a result, it was seen that he noticed
red flag but could not give correct feedback and because it was easier for him to
solve the problem, he chose the wrong strategy and displayed “metacognitive
vandalism”.

Conclusion and Implications

As a result of the data analysis obtained from the study, preservice teachers
may display some metacognitive failures in problem solving sessions where they
over-looked a “red flag” indicating a calculation error (blindness), responded to a
lack of progress “red flag” by imposing an irrelevant conceptual structure on the
problem (vandalism), and imagined an anomalous result “red flag” in mistakenly
rejecting a correct answer (mirage). Especially they mostly show metacognitive
blindness when they are weak in metacognitive problem-solving behaviors such as
carefully analyzing the instructions given in the problem understanding what is
desired in the question and using the right strategy. The metacognitive blindness
exhibited by PST2 was caused by ignoring the “error detection” red flags in the
second stage. This result is similar to the findings of the studies in the literature
(Goos 2002, Huda et al. 2016, Surya et al. 2019). The metacognitive mirage behavior
occurs when they work to solve a problem that they have not encountered before,
that the solution does not know exactly the appropriate strategy and that they do
not have sufficient level of judgment to prove the correctness of their solutions or
strategies. In the example of PST1, the candidate thought that there was an
“anomalous result” warning sign or red flag in his answer because he was not sure
about the solution strategy that could reach the correct result, and exhibited a
“metacognitive illusion” by abandoning the useful strategy. This finding is similar
to the result of the study conducted by Goos (2002) in which metacognitive
successes and failures based on collaboration were examined with high school
students. Metacognitive vandalism behavior occurs mostly when they are trying to
solve the problem with similar problems in the past by trying to apply the strategy
to solve the problem in order to facilitate the solution to the current problem or
even though he is not sure of the appropriate strategy because he is not sure of the
appropriate strategy. In the PST3 example; although the red flag “lack of progress”
caused by the wrong solution strategy was noticed, not being inclined to the
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correct solution strategy caused the continuation of the strategy that was not
suitable for the solution of the problem. As a result, the preservice teacher did not
get the correct answer. The result obtained in terms of giving devastating feedback
to the “Lack of progress” red flag is Huda et al. (2016) and Goos (2002) can be
said to be in line with the findings.

Huda et al. (2018) stated that lack of metacognitive assessment may cause
metacognitive failure. In this sense, handling a similar study together with the
metacognitive assessment dimension may provide richer results regarding the
causes of metacognitive failure. Finally; in the study of Goos (2002), a study in
which metaphors of metacognitive failure were introduced, was conducted with
collaborative groups. A similar study to be carried out with pre-service teachers
can reveal whether the cooperative learning environment will prevent metacognitive
failures.

References

Asik G, Sevimli E (2015) Ustbilis kalibrasyonunun matematik basaris1 baglaminda
incelenmesi: Miihendislik 6grencileri 6rnegi. (Examination of metacognitive calibration
in the context of mathematics achievement: example of engineering students). Bogazi¢i
Universitesi Egitim Dergisi 32(2): 19-36.

Aydemir H, Kubang Y (2014) Investigation of the cognitive behavioral problems solvig
process. International Periodical for the Languages, Literature and History of Turkish
or Turkic, 203-219.

Aydurmus L (2013) The examination of the 8th grade students’ metacognitive skills in
problem solving process. Unpublished Master Thesis. Trabzon: Karadeniz Technical
University, Institute of Educational Sciences.

Azak S (2015) Ortaokul 8. sumif ogrencilerinin problem ¢ozmede kullandiklar: stratejilerin
ve tistbilis davramglarin belirlenmesi. (Determining the strategies and metacognition
behaviors used by middle school 8th grade students in problem solving). Unpublished
Master Thesis. Trabzon: Karadeniz Technical University.

Bacanli H (2002) Deger tercihleri: Psikolojik kavram analizleri. (Value choices: analysis
of psychological concepts). Ankara: Nobel Yayin Dagitim.

Bagceci B, et al. (2011) Ilkogretim Sgrencilerinin {istbilissel farkindalik diizeyleri ile
akademik basarisi arasindaki iliskinin incelenmesi. (Examining the relationship
between primary school students’ metacognitive awareness levels and academic
achievement). Mustafa Kemal Universitesi Sosyal Bilimler Enstitiisii Dergisi 8(16):
551-566.

Bakioglu B, Kiigiikaydin MA, Karamustafaoglu O, Sagir SU, Akman E, Ersanli E, et al.
(2015) Investigation of prospective teachers’ metacognitive awareness levels,
problem solving skills and attitudes towards technology. Trakya University Journal
of Education, 22-33.

Balci G (2007) Investigation of cognitive awareness skills of primary school 5th grade
students according to their level of solving verbal mathematics problems. Unpublished
Master Thesis. Adana: Cukurova University Institute of Social Sciences.

Basol B, Adel E, Babir N (2014) Relationship between reading comprehension,
metacognition and mathematical problem solving. In 6th Biennial Meeting of the
European Association for Research on Learning and Instruction Special Interest
Group 16, 3-6 September. Istanbul Turkey.

287



Vol. 9, No. 4 Kaya & Kepceoglu: Metacognitive Failures of Preservice ..

Brown A (1978) Knowing when, where and how to remember: a problem of metacognition.
In . Glaser (ed.), Advances in Instructional Psychology, 77-165. New York: Halsted
Press.

Cepni S (2014) Arastirma ve Proje Calismalarina Giris. (Introduction to research and
projects). Bursa: Celepler Matbaacilik.

Demir OD (2016) Ortaokul dgrencilerinde problem ¢dzme ve bilissel farkindalik beceri
diizeylerinin incelenmesi. (Investigation of problem solving and cognitive awareness
skill levels in secondary school students). Kastamonu Egitim Dergisi 24(2): 789-802.

Desoete A, De Craene B (2019) Metacognition and mathematics education: an
overview. ZDM 51(4): 565-575.

Desoete A, Veenman M (2006) Metacognition in mathematics: critical issues on nature,
theory, assessment and treatment. In Metacognition in Mathematics Education, 1-10.

Desoete A, Baten E, Vercaemst V, De Busschere A, Baudonck M, Vanhaeke J (2019)
Metacognition and motivation as predictors for mathematics performance of Belgian
elementary school children. ZDM 51(4): 667-677.

Faradiba S, Alifiani A (2020) Metacognitive blindness in mathematics problem-solving.
Journal of Education and Learning Mathematics Research (JELMaR) 1(2): 43-49.

Flavell JH (1976) Metacognitive aspects of problem solving. Tha Nature of Intelligence,
231-235.

Flavell JH (1979) Metacognition and cognitive monitoring a new area of cognitive-
development inquiry. American Psychologist 34(10): 906-911.

Garofalo J, Lester FK (1985) Metacognition, cognitive monitoring and mathematical
performance. Journal for Research in Mathematics Education 16(3): 163-176.

Goos M (1997) Self-directed and peer-assisted thinking in a secondary mathematics
classroom. In Annual Conference of the Australian Association for Research in
Education.

Goos M (2002) Understanding metacognitive failures. The Journal of Mathematical
Behavior 21(3): 283-302.

Hessels MGP, Hessels-Schlatter C (2010) Towards adequate assessment and targeted
cognitive intervention for students with special educational needs. In MGP Hessels,
C Hessels-Schlatter (eds.), Assessment and Intervention with Students in Difficulty,
1-4. Berne, Suisse: Peter Lang.

Huda N, Subanji, Nusantara T, Susiswo, Sutawidjaja A, Rahardjo S (2016) University
students’ metacognitive failures in mathematical proving investigated based on the
framework of assimilation and accommodation. Educational Research and Reviews
11(12): 1119-1128.

Huda N, Sutawidjaja A, Rahardjo S (2018) The errors of metacognitive evaluation on
metacognitive failure of students in mathematical problem solving. In Journal of
Physics: Conference Series 1008(1): 012073. IOP Publishing.

Jacobse AE, Harskamp EG (2012) Towards efficient measurement of metacognition.
Metacognition Learning 7(May) 133-149.

Kanadli S, Saglam Y (2013) Is metacognitive strategies effective in problem solving?
Elementary Education Online 12(4): 1074-1085.

Kapa E (2001) A metacognitive support during the problem solving in a computarized
environment. Educational Studies in Mathematics 47(Sep): 317-336.

Kaplan A, Duran M, Bas G (2016) Examination with the structural equation modeling of
the relationship between mathematical metacognition awareness with skill perception
of problem solving of secondary school students. Journal of the Faculty of Education
17(1): 1-16.

Kiremitci O (2011) Beden Egitimi Ogretmen Adaylarmm Ustbilissel Farkindalik ve
Problem Cozme Becerileri Arasindaki Iliskilerin Incelenmesi. (Investigation of

288



Athens Journal of Sciences December 2022

relations between problem solving skills and metacognitive awareness of preservice
teachers). Selcuk Universitesi Beden Egitimi ve Spor Bilim Dergisi 3(7): 92-99.

Lester FK (1994) Musings about mathematical problem-solving research: 1970-1994 .
Journal for Research in Mathematics Education 25(6): 660—675.

Lester FK, Garofalo J, Kroll DL (1989) Self-confidence, interest, beliefs, and metacognition:
key mfluences on problem-solving behavior. In DB McLeod, VM Adams (eds.),
Affect and Mathematicals Problem Solving, 75-88. NY: Springer.

McKeown RG, Gentilucci JL (2007) Think-aloud strategy: metacognitive development
and monitoring comprehension in the middle school second-language classroom.
Journal of Adolescent & Adult Literacy 51(2): 136-147.

Memnun DS, Akkaya R (2009) Levels of metacognitive awareness of primary teacher
trainees. Procedia - Social and Behavioral Sciences 1(1): 1919-1923.

Newell A, Simon HA (1972) Human problem solving. NJ: Prentice-Hall.

Ng KED (2010) Partial metacognitive blindness in collaborative problem solving.
Mathematics Education Research Group of Australasia.

Ogras A (2011) Evaluation of primary school teachers’ mathematical problem solving
stages and metacognition thinking skills application processes. Unpublished Master
Thesis. Gaziantep: Gaziantep University.

Omeroglu E, Kandir A (2005) Bilissel gelisim. (Cognitive development). Istanbul: Morpa
Yayinlari.

Ozsoy G (2008) Ustbilis. (Metacognition). Turk Egitim Bilimleri Dergisi 6(4): 713-740.

Ozsoy G (2011) An investigation of the relationship between metacognition and
mathematics achievement. Asia Pacific Education Review (APER) 12(2): 227-235.

Paris SG, Cross DR, Lipson MY (1984) Informed strategies for learning: a program to
improve children’s reading awareness and comprehension. Journal of Educational
Psychology 76(6): 1239.

Patton MQ (2002) Qualitative research & evaluation methods. London: SAGE Publications.

Pilten P, Yener D (2010) Evaluation of metacognitive knowledge of 5th grade primary
school students related to non-routine mathematical problems. Procedia-Social and
Behavioral Sciences 2(2): 1332-1337.

Polya G (1945) How to solve it? Princeton NJ: Princeton University Press.

Rhodes MG (2019) Metacognition. Teaching of Psychology 46(2): 168-175.

Schoenfeld AH (2016) Learning to think mathematically: problem solving, metacognition,
and sense making in mathematics. Journal of Education 196(2): 1-38.

Sengiil S, Istk SC (2014) The role of primary eighth-grade students’ metacognitive
behaviours exhibition skills on process of solving problems based on Webb’s DOK
levels. Procedia - Social and Behavioral Sciences 46(Dec): 2178-2182.

Simgek H, Yildirrm A (2011) Qualitative research methods in the social sciences. Ankara:
Seckin Publishing.

Stacey K (1992) Mathematical problem solving in groups: are two heads better than one?
Journal of Mathematical Behavior 11(3): 261-275.

Stillman G (2011) Applying metacognitive knowledge and strategies in applications and
modelling. In G Kaiser, W Blum, RB Ferri, G Stillman (eds.), Trends in Teaching
and Learning of Mathematical Modelling, 165-180. Australia: Springer.

Stillman G, Galbraith PL (1998) Applying mathematics with real world connections:
metacognitive characteristics of secondary students. Educational Studies in
Mathematics 36(2): 157-189.

Surya RE (2019) Development of oriented student activity sheets problem-based learning
approaches assisted by geogebra software to improve metacognition ability of Private
Vocational High School PAB 12 Saentis. Journal Education & Practice 10(9): 166~
170.

289



Vol. 9, No. 4 Kaya & Kepceoglu: Metacognitive Failures of Preservice ..

Swanson HL (1992) The relationship between metacognition and problem solving in
gifted children. Roeper Review 15(1): 43—-48.

Veenman MV, Hout-Wolters V, Bernadette HAM, Afflerbach P (2006) Metacognition
and learning: conceptual and methodological considerations. Metacognition and
Learning 1(1): 3-14.

Wells A, Hatton SC (2004) A short form of the metacognitions questionnaire: properties
of the MCQ-30. Behavior Research and Therapy 42(4): 385-396.

Yildinm S, Ersozli ZN (2013) The relationship between students’ metacognitive
awareness and their solutions to similar types of mathematical problems. Eurasia
Journal of Mathematics, Science & Technology Education 9(4): 411-415.

Yildiz A, Giiven B (2016) Matematik Ogretmenlerinin Problem C6zme Ortamlarinda
Ogrencilerinin Ustbilislerini Harekete Gegirmeye Yonelik Davranislari. Ahi Evran
Universitesi Kirsehir Egitim Fakiiltesi Dergisi 17(1): 575-598.

290



