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Abstract

The research explores the metacognitive behaviours demonstrated by secondary school students with
different mathematical achievement levels (outstanding, high, moderate and low levels of achievement)
during solving a mathematical problem. The research uses a case study method and involves the
participation of 36 students. The data, which were collected with the multi-method interview technique,
were analysed content analysis. Considering the analyses, it was found that the students with outstanding
achievement levels demonstrated more behaviours in number, by spending more time during the problem-
solving process; on the other hand, students with low achievement levels demonstrated less behaviour in
number by spending less time compared with the other groups. It was found that the students with
outstanding, high and moderate levels of achievement demonstrated evaluation behaviours most; in contrast,
students with low achievement levels had the behaviours of awareness the most during the problem-solving
process. In addition, it was concluded that the groups started the process generally with a behaviour in the
dimension of awareness, used the behaviours of regulation and finished the process with behaviour in the
dimension of evaluation. The teacher should guide students by focusing on some behaviours respectively
related to the dimensions of awareness, regulation and evaluation during solving a problem in the course.
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1. Introduction

Problem-solving can be defined as the individual's thinking process to obtain new
knowledge about the situation until s/he overcomes the tension of the problem and to
search for a logic appropriate to the problem situation by applying his/her mathematical
knowledge (Lester & Kehle, 2003, p.505). The concept of problem-solving refers to a
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process (Polya, 1973; Zawojewski & Lesh, 2003). This process contributes to the
competence of using mathematical skills and applying these skills in real-life situations
(Abu-Elwan, 1999) and is specifically emphasised in curricula of mathematics teaching
institutions (NCTM, 1989, 1991, 1995, 2000) and the curricula of national education (The
Ministry of National Education [MoNE], 2018). Owing to the significance that problem-
solving has a relationship with mathematical achievement (Bhat, 2014; Ozsoy, 2005), it
1s crucial to determine its significance and all the variables that may influence it and its
effect levels. In this scope, there are research results in the literature suggesting that
this may influence the students’ problem-solving achievements in terms of the variables
such as self-efficacy (Hackett & Betz, 1989), mathematics anxiety (Cooper & Robinson,
1991), self-regulation (Pintrich & De Groot, 1990), mathematical belief and learned
helplessness related to mathematics (Aga¢ & Masal, 2017), gender, attitude (Ozgen et al.,
2017; Uysal 2007), number perception (Istk & Kar, 2011) and metacognitive
skills/behaviours (Author, 2016; Desoete et al., 2001; Lesh, 1982, 1985; Lester, 1980,
1983, 1985; Lester, Garofalo & Kroll, 1989; Kazemi, Fadae & Bayat, 2010; Mayer, 1998;
Schoenfeld, 1992; Silver 1985; Sweeney, 2010 etc.).

Among these variables, we focused on the metacognitive skills/behaviours in this
research. The metacognition concept can be defined as the individuals’ regulating the
information about the cognitive behaviours and these behaviours during the learning
processes (Brown, 1978; Flavell, 1976). It will be insufficient to deal with the problem-
solving process with only its cognitive dimension (Artzt & Armour-Thomas, 1992; Wilson,
& Clarke, 2004, Yong & Kiong, 2006), but metacognition needs to be evaluated as a
significant variable in the problem-solving process considering the necessity of the
sufficient level of awareness related to this knowledge, in addition to the cognitive
knowledge in solving process, (Garofalo & Lester, 1985) and checking, planning,
monitoring and evaluation for the solution process (Garofalo &Lester, 1985; Kaur, 1997,
Wong, 1992; Yong & Kiong, 2006). There are some results in the literature suggesting
that the students, who demonstrate metacognitive behaviours frequently, are more
successful in the problem-solving process (Sengiil & Yildiz, 2013; Yimer & Ellerton,
2010), besides, that they are more successful in problem-solving (Aydemir & Kubang,
2014; Panaoura, Philippou & Christou, 2003; Sengiil & Katranci, 2015; Yimer & Ellerton,
2010; Yong & Kiong, 2006). In addition, the education related to the metacognitive
behaviours may provide an increase in mathematical problem-solving achievements of
students (Adibnia & Putt, 1998; Desoete, Roeyers & De Clercq, 2003; Kramarski,
Mevarech & Arami, 2002; Mevarech, 1999; Mevarech & Kramarski, 2003; Nancarrow,
2004; Ozsoy & Ataman, 2009; Verschaffel, 1999; Verschaffel et al., 2009).

Briefly, the problem-solving skills are significant for mathematical achievement, and
the metacognitive skills/behaviours for the problem-solving skills. Accordingly, the
research results, suggest that the metacognitive activities of the students with relatively
low mathematics achievement, are also low in the mathematical problem-solving process
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(Abdullah, Rahman & Hamzah, 2017; Desoete et al., 2001; Kuzle, 2018; Sweeney, 2010),
can be given as the example for this relationship. However, the point that is remarkable
here i1s that demonstrating the metacognitive behaviours frequently does not guarantee
the achievement in the problem-solving process (Author, 2016; Wilson & Clarke, 2004).
Considering this, it is crucial to investigate the metacognitive behaviours that the
students at the high mathematics achievement levels demonstrate in the solving process
of a problem and their sequence. Nevertheless, it is necessary to take the difficulty of the
measurement of metacognition into account. To overcome the relevant difficulty, the
MMI method, which was developed by Wilson and Clark (2004), and has been described
in the Data Collection section of this study in detail, was employed in this research.
Within the scope of this method, the metacognitive behaviours were evaluated under
three categories as awareness, evaluation and regulation. These categories can be defined
as;

e Awareness: “Metacognitive awareness relates to individuals' awareness of where
they are in the learning process or in the process of solving a problem, of their
content-specific knowledge, and their knowledge about their learning or problem-
solving strategies”,

e Evaluation: “Metacognitive evaluation refers to judgements made regarding one’s
thinking processes, capacities and limitations as these are employed in a particular
situation or as self-attributes”,

¢ Regulation: “Metacognitive regulation occurs when individuals make use of their
metacognitive skills to direct their knowledge and thinking” (Wilson & Clark,
2004).

There are studies, conducted with similar purpose, on the second (Kuzle, 2018; 2019);
third (Desoete et al., 2001); fourth (Kuzle, 2018), fifth (Fazira, Sukoriyanto & Rahardjo,
2020), sixth (Wilson, & Clarke, 2004) class levels and with the pre-service mathematics
teachers (Barbacena & Sy, 2015; Author, 2016). Considering that the metacognition
concept may differ depending on students’ ages, strategies and knowledge levels about
the topics (Brown 1978; Desoete et al., 2001; Veenman, Van Hout-Wolters & Afflerbach,
2006; Panaoura et al., 2003; Senemoglu, 2007) and the structure of the problem (Mokos &
Kafoussi, 2013), the common focuses in the results of the relevant researches can be
summarised as follows.

e The process starts mostly with a behaviour in the dimension of awareness (Author,
2016; Fazira et al., 2020; Kuzle, 2018, 2019; Wilson & Clarke, 2004).

e Although the awareness dimension is the behaviour dimension that is used most
(Kuzle, 2018 (at the 2nd class level)); on the contrary, there are also studies
(Author, 2016; Kuzle, 2018 (at the 4th class level); Wilson & Clarke, 2004)
suggesting that it is the least used dimension. The most used in number in the
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relevant literature is the deficiencies of students' mathematical problem-solving
culture (Kuzle, 2018); the least use in number in awareness is metacognitive
activity as it is not recognised by the student due to its less distinctive
characteristics (in the sense of conscious recall) compared with evaluation and
regulation (Wilson & Clarke, 2004.

e Evaluation i1s the most used metacognitive behaviour dimension (Barbacena & Sy,
2015; Author, 2016; Kuzle, 2018, 2019; Wilson & Clarke, 2004).

e The problem-solving process generally finishes with a behaviour in the dimension of
evaluation (Author, 2016; Fazira et al., 2020; Kuzle, 2018, 2019; Wilson & Clarke,
2004). This situation was evaluated as the result of the result-oriented mathematics
curricula rather than the process (Fazira et al., 2020; Kuzle, 2018, 2019).

e Regulation is the least used behaviour dimension in number (Kuzle, 2018, 2019).

e There is no linear structure in the metacognitive behaviour sequence in the
problem-solving process (Author, 2016; Kuzle, 2018, 2019; Wilson & Clarke, 2004).

e In a successful problem-solving process, there are short (Wilson & Clarke, 2004) or
long (Author, 2016; Kuzle, 2018, 2019) contrasting results for using metacognitive
behavioural sequences.

e The length of the metacognitive behaviour sequences may increase even according
to the participants’ metacognitive development levels (Desoete et al., 2001; Kuzle,
2018, 2019;)

o It was realised that a high level of metacognitive awareness is also crucial in terms
of reaching the correct results or not reaching the incorrect results in the problem-
solving process (Barbacena & Sy, 2015; Author, 2016).

As has been mentioned, the researches, which were carried out with different class
levels in this topic, have presented significant information in terms of determining the
metacognitive behaviours that the students demonstrate in the problem-solving process.
Conducting similar research from each class level is useful for the literature to have a
stronger background in this direction. From this point, it is aimed to explore the
metacognitive behaviours that the eighth-class students with different mathematical
achievement levels (outstanding, high, moderate and low achievement) demonstrate in
solving a mathematical problem. Considering the results that will be obtained in this
study and the behaviours of the students at each achievement level, it is thought that it
will provide more efficient clues to the instructors for the attempts to develop the
metacognitive skills of students.

2. Method
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This research uses a case study method. The case study is the research method, which
enables researchers to examine one or more events in a limited time with the data
collection tools consisting of multiple resources (Creswell, 2007). The case study method
was applied to explore the behaviours of the students and how they carry out the process
during problem-solving.

2.1. Study group

The research was carried out with the 36 students at the eighth-class level. The
mathematics course academic achievements of the students were taken into
consideration in selecting the participants. The study group was formed in two stages. In
the first stage, the school and institution, in which the study would be carried out, were
selected with a convenience sampling method as the school in which one of the
participants was in-service, specifically to minimise the loss of time and labour (Saumure
& Given, 2008). One of the schools that the researcher investigated, was the Science and
Art Centre, which was the only one in the province. This centre gives education to the
students who have a higher capacity of intelligence, creativity, art, management or in
specific areas compared with their peers. The instructors, who are experts in their
profession, educate the students who have outstanding achievement levels and can be
categorised as gifted. The other school, which is in the centre of the province, is one of the
five schools at the top with the highest achievement scores in the LGS (The exam that
students have to take to enter the high schools in Turkey) in the province. In the second
stage, a criterion sampling technique, which means including materials or persons in the
study based on previously defined criteria (Patton, 1990), was used and students’
achievements in mathematics courses were determined as the criterion. In this stage, the
students were grouped with ‘low’, ‘moderate’ ‘high’ and ‘outstanding’ achievement levels.
The achievement levels were specified considering the in-class performances consisting of
the students’ achievement scores, mathematics achievement scores and teacher opinion.
Based on the grading system in Turkey, the students with the average score between 0-
45 were considered as “low” achievement level; 45-70 as “moderate” and 70 and above as
“high”. The students in the group of outstanding achievement levels were determined
from all the students in the field of general skills in the science and art centre. As the
Ministry of National Education selects these students from the field of general skills with
the exam and verbal interview, they are regarded as good problem solvers. Since there
were 9 students in the eighth class in the science and art centre, the number of students
in the other groups were selected as 9 to be equal to this group.

2.2. Data collection tools

The data were collected with a Multi-Method Interview technique developed by Wilson
(2001) in the research. In this scope, the mathematical problem was specified first. A
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problem pool was formed by reviewing the literature in determining the problem. The
problems in the pool were evaluated according to the expert opinions and the most
appropriate one was selected. The problem, which was selected, is as follows.

Three shepherds decide to eat something. They will share the cost among
themselves. The first shepherd brings 5 food containers, the second one 3
containers. However, the third one does not bring food. After the meal, the third
shepherd takes 8 silver coins from his pocket and gives 5 to the first and 3 o the
second shepherd. However, the first one protests this and argues that he deserves
more; this will not be equal sharing. Arguing for a while, they reach the correct
result. How many coins should the third shepherd pay to the others or how should
they share the 8 coins to ensure equal sharing?

This problem was selected as it consisted of various ways of solutions and rich
components in terms of gathering information. In addition, it was tried to select as a non-
routine problem that students were less familiar with. Because, a problem, which
students are not familiar with, provides an opportunity to reveal the metacognitive
behaviours more in number (Sengil & Yildiz, 2013). In addition, the factors that affected
perceptions of problem difficulty such as; categorisation, interpretation, resource
relevance, and complexity were also considered (McGinn & Boote, 2003). The problem,
that was selected, was asked to the four students who did not participate in our research.
In the pre-application, it was found that all the behaviours that the participants
demonstrated during the process were included in the behaviour cards; according to the
evaluation of the research problem, the problem was realised to be suitable for the
research.

2.3. Data collection process

The students were asked to solve the problem by thinking aloud with the multi-method
interview technique. In this process, which was recorded with a video camera, the
students tried to solve the problem by thinking aloud. After the students finished the
problem-solving process with thinking aloud, it was tried to find out which metacognitive
behaviours were applied in this process. For this, the metacognitive behaviour cards,
which had been formerly developed, was used (Wilson, 2001). The dimensions of
components of the metacognitive behaviour cards are presented below.

Awareness: I thought about what I already know. (A1)
I tried to remember if I had ever done a problem like this before. (A2)
I thought about something I had done another time that had been helpful. (A3)
I thought 'T know what to do. (A4)
I thought 'T know this sort of problem. (A5)
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Evaluation: I thought about how I was going. (E1)
I thought about whether what I was doing was working. (E2)
I checked my work. (E3)
I thought 'Is this right? (E4)
I thought 'I can't do it. (E5)
Regulation: I made a plan to work it out. (R1)
I thought about a different way to solve the problem. (R2)
I thought about what I would do next. (R3)
I changed the way I was working. (R4)

The metacognitive behaviour cards, developed by Wilson (2001), were formed as three
basic dimensions. Two experts, one of whom was in the field of English education and one
was in the field of metacognition, translated the behaviour cards jointly. At the end of the
problem-solving process, the students were asked to express the metacognitive
behaviours that they demonstrated during the problem-solving process using the
behaviour cards in order. Blank cognitive behaviour cards, which the students would
write their behaviours on to express their arithmetic operations, were given to them in
this process. The students had the opportunity to use any of the behaviour cards more
than once. After they had put the cognitive and metacognitive behaviour cards in order,
the interview was completed. Then, the students watched the interview process which
had been recorded, and they were asked to confirm the sequence of the metacognitive
cards related to the problem-solving process. During the confirmation process, an
exchange of ideas between the researcher and student was held related to what s/he
thought at the relevant period. The final sequences of the participants, who wanted to
change the order of the metacognitive behaviour cards, were taken into consideration.
The problem solving and metacognitive behaviours determination/classification process
of each student was transcribed in its deepest detail, divided into periods and written. An
example of the solution process is presented in Table 1.

Table 1. Sample transcript

Duration Observed Behaviour

0:00 - 0:32 The student read the question aloud.

0:33 - 1:53 S/he expressed the question with his/her sentences by rereading from the beginning.
“Normally 5 coins for 5 containers, 3 coins for 3,” said s/he. Then, s/he started to reread the
question from the middle. S/he remained silent for a while.

1:54 - 2:49 S/he read the question again. Then s/he wrote 5 containers and 5 coins to the opposite; 3
containers and 3 coins. S/he started to read the question again.
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2:50 - 3:31 Keeping silent for a while, s/he said, “I think if I should give equal to both of them”After
thinking for a while, s/he said, “Why the first one objects?” Then, replied, “He brings more
food than the other and gets more money, Sir” and thinking for a while, added, “so, the first
one requests more than 5 coins”.

3:32 - 3:44 S/he kept thinking of looking at the problem. S/he said, “the second one does not object to this
case.” After reading the question for a short, added: “I wonder if he will give 8 to 0”.

3:45 - 4:41 After thinking for a while, s/he wrote 1 and 2 on the paper, then, wrote x under 1 and y under

2. Under these expressions, s’he wrote x == 5 and y <= 3 and started to read the problem
again.

4:42 - 5:08 During expressing the problem with his/her sentences, s/he read the part of 5 coins and 3
coins again. Thinking for a short, s/he started to read the question again. Then, s/he
continued to interpret the problem with his/her sentences.

5:09 - 5:38 During expressing the problem with her sentences, suddenly s/he said, “I want to say 7 and 1
Sir.” Writing 1st and 2nd on the paper, s’he wrote 7 and 1 in order and added, “I thought 7
coins for the first shepherd, 1 coin for the second.”

5:39 - 6:29 After writing the solution and expressing it, s/he said, “As the first one objects, he wants more
than 5 coins. He can get 6, 7 and 8. However, I do not think he will give 0 for the second. It
should be 6 to 2 or 7 to 1.” Then, s/he added, “He may have wanted to increase the number of
coins as much as the containers, so I want to say 7 to 1” and completed the solution.

As an example, is presented in Table 1, these transcripts were used to determine the
problem-solving duration of the participants and their behaviours in the process.

2.4. Analysis of the data

In the analysis of the data, we applied content analysis techniques to investigate the
relationship between the problem-solving process and metacognition in depth. The data
were analysed using the content analysis method, which systematically decomposes for
specific purposes (Merriam & Grenier, 2019).

During the coding process, the awareness, evaluation and regulation dimensions,
which were taken as the base related to the form of metacognition by Wilson (2001), were
used as the categories; the metacognitive behaviours written on the 14 behaviour cards
within the scope of the mentioned dimensions were used as the codes. In addition, the
students’ behaviours such as the arithmetic operations, mathematical comparisons
except for the metacognitive behaviours of the students, written on the papers by them
were coded as the cognitive behaviours.

The data of the research were coded simultaneously by the two researchers. During
coding the students with four different achievement levels, K1 code was used for the
students' group with outstanding achievement level, K2 code for those with high
achievement level, K3 code for those with moderate achievement level and K4 code for
those with low achievement level. To code the students individually, the code of the group
that the student belonged to was written and continued with the sequence number of the
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relevant group. For instance, as the K2 code was used for the student group with a high
achievement level, the K.2.1 code was used for the first student in this group. Thus, the
data were analysed by coding all the participants with the group number and the
sequence number in the group. The gathered findings are presented with tables and
graphs below.

3. Findings

The findings related to the sub-problems of the research are presented in this section.
The dimensions related to the behaviours demonstrated by the students during the
problem-solving process were coded as awareness “A”, evaluation “E”, regulation “R” and
cognitive “C”.

3.1. Findings related to the students group with outstanding achievement (K.1.)

The metacognitive behaviours demonstrated by the students with outstanding
achievement levels, their problem reading and solving time are presented in Table 2.

Table 2. Data related to the problem-solving process of the students in the group of outstanding achievement

Participants Metacognitive Behaviours Demonstrated by the Number of Problem Solving
Participants Reading Problem Time
Aloud
K.1.1. A4-C- Ei- C-R4-R1-C-R2-R1-C-Es-Es 6 7,21
K.1.2. E4-A1-C-Ez-E1-E4-A1-C-R4-C-Ri-E2 5 4,51
K.1.3. A2-As-A4-C-Re-Es-C-Ri-Rs-C-E2-Es-Es-Eq 5 5,46
K.1.4. R3-A1-C-A2-As-Re-Rs-C-E1-C-Es-E2-A1-Ri-Es-Es-Es 2 4,29
K.1.5. A1-C-E2-Ro-As-C-E3-Ri-E1-Es-Es-Ry 4 4,22
K.1.6. E4-A2-R3-A1-C-E5-E3-C-C-E4-A1-Re-E2-R4-Es-Ei-Es-Ey4 3 4,44
K.1.7. As5-A2-C-R3-A1-E1-C-Es-E3-R4-Es-Re-Eq 6 7,30
K.1.8. As-As-Rs-C-E2-Es-E1-C-Ri-Ry-C-As-C-Eq 8 14,21
K.1.9. Ai1-A1-C-R3-As-Eo-C-E1-Re-Rs-Ra-C-Es-Es 5 6,29

The behaviours that the participants demonstrated are the abbreviations as A “awareness”, E “evaluation”, C

“regulation” and the number in the bottom index refers to the behaviour card presented in the Data Collection section.

As it is presented in Table 2, among the 127 behaviours demonstrated by 9
participants in the K.1 group, 24 of them are related to the dimension of awareness, 46 to
the evaluation, 29 to the regulation and 28 to the cognitive behaviour. When these
behaviours are analysed, it is noticed that all of the participants take notes of the
information given in the question on the paper in the dimension of behaviour. In the
awareness dimension, most of the participants demonstrated the behaviour of “I thought
of what I already know about the problem”. In the dimension of regulation, except for the
K.1.3 coded participant, all of the participants applied the behaviour of “I thought about
a different way to solve the problem”, during the problem-solving process. Almost all of
the participants in the K.1 group demonstrated the behaviours in the dimension of
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evaluation. The K.1.1 coded participant demonstrated the behaviour in the regulation
dimension most in number. K.1.9 coded participant demonstrated the behaviours in the
evaluation and regulation dimensions equally. Other participants demonstrated the
behaviours in the evaluation dimension most in number. All of the participants in the
evaluation dimension demonstrated the behaviour of “I thought about whether what I
was doing was working.” In addition, all of the participants except for the K.1.1 coded
participant used the behaviour of “I checked my work.” Another behaviour demonstrated
in the dimension of evaluation most in number is “I thought 'Is this right?”. Other
participants except for the K.1.1 and K.1.2 coded participants demonstrated this
behaviour.

In addition, the participants in this group spent 59 minutes 53 seconds in problem-
solving. The behaviour cycles of the students with outstanding achievement levels are
presented in Figure 1.
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K1.1: (A,CECRR,CRR,CEE) K1.2: (E,A,C,EEEACRCR,E) K1.3: (A,AACRCE,CR,R,C,E,E,LEE)

K1.7: (A ACRAECEERERE) K1.8:(AARCEEECRRCACE) K1.9: (A ACRAECERRRCEE)

Figure 1. Behaviour order of the students with outstanding achievement

As it is presented in Figure 1, when the order of dimensions of the behaviours demonstrated
by the participants in the group of K.1 is taken into consideration, it is seen that there is no
stable transition between dimensions in the order of behavioural dimensions, and all
participants make reversible transitions between the dimensions. In addition, most of the
participants in this group started problem-solving demonstrating a behaviour in the dimension
of awareness and completed the process with behaviour in the evaluation dimension. The most
demonstrated behaviours of the participants in this group during the process in the dimension
of the evaluation were “I thought 'Is this right? and “I thought 'I can't do it.”
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3.2. Findings Related to the Students Group with High Achievement (K.2.)

The metacognitive behaviours, problem reading and solving time of the students with
high achievement levels during the problem-solving process are presented in Table 3
below.

Table 3. Data related to the problem-solving process of the students in the high achievement group

Participants Metacognitive Behaviours Demonstrated by the Number of Problem Solving
Participants Reading Time
Problem Aloud
K.2.1. As-E4-R3-Re-E1-C-E3-C E5-Ri-Ra-Ei1-C-Es-Es-Es 4 9,11
K.2.2. A1-As-E3-Es-As-Es-As-E1-R4 7 5,58
K.2.3. A2-A1-C-R3-R2-A1-C-R4-R1-C-Rs-Ri-Ei-Eq 4 6,31
K.2.4. A1-A2-C-Ry-C-Ez-Eq4 5 4,58
K.2.5. A4-Ai-Rs-As-R3-As-Ry-E2-E3-C-E5-Eq4 1 1,43
K.2.6. Es- As- Rs- Ro-C 4 2,4
K.2.7. E4-A2-Ai-R4-C-E3-Eg-E1-Eq 5 3,52
K.2.8. A1-R3-E4-A2-C-C-E3-E1-Re-Es-Es 4 2,24
K.2.9. E4-A2-A1-C-C-E2-R4-C-C-C-E1-Es-Es-Eq 2 5,05

The behaviours that the participants demonstrated are the short forms as A “awareness”, E “evaluation”, C
“regulation” and the number in the bottom index refers to the behaviour card presented in the Data Collection section.

As it is presented in Table 3, 21 of the 97 behaviours of the nine participants in the
K.2 group are in the dimension of awareness, 40 of them in evaluation, 20 regulation and
18 cognitive dimensions. As it is analysed with the separate evaluation of the
participants, it is seen that the K.2.3 and K.2.6 demonstrated the behaviours in the
regulation dimension most in number; on the other hand, other participants
demonstrated the behaviours in the dimension of evaluation most in number. All of the
participants used the behaviour card “I thought 'I can't do it.” in the dimension of
evaluation. In addition, other participants except for the K.2.2, K.2.3 and K.2.6
participants used the card “I thought about how I was going.” in the solution process.

The time that the participants in the K2 group spent during the problem-solving process is
42 minutes 22 seconds. While K.2.1 was the participant who spent the longest time as 9
minutes and 11 seconds in the problem-solving process, K.4.5 was the one who spent the
shortest time with the problem spending 1 minute 43 seconds in this group. The behaviour
cycles of the students with high achievement levels are presented in Figure 2.
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K2.1: (A,CECRRCRR,CE) K2.2:(EACEEEACRCERE) K2.3: (A,AACRCECRRCEEEE)

K2.4: (R,A,C,AARR,CECEEAREEE) K25: (ACERACEREEER) K2.6: (EARACEECCEARERELEEE)

K2.7: (E,AAR,C,EEEE) K2.8: (A,R,EACCEER,EE,) K2:9: (E,AA,CCER,CCCELELEE)

Figure 2. Behaviour order of the students with high achievement

As it is seen in Figure 2, there are reversible transitions between the dimensions of
the behaviours demonstrated by the participant in the K.2 group. It is noticed that most
of the participants in this group started the problem solving with a behaviour in the
dimension of awareness and completed the process with a behaviour in the dimension of
evaluation. The K.2.7 and K.2.9 coded participants started the process with the “I
thought 'I can't do it.” thinking skill card in the evaluation dimension and completed the
process with the same thinking skill. In the dimension of awareness, it was noticed that
the participants started the process with different metacognitive behaviour cards. As the
behaviour skill dimensions of the participants in the K.2 group during the process were
compared, it is found that they demonstrated at least one behaviour among the
dimensions of awareness, evaluation and regulation during the process. In addition, it is
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another finding that most of the participants in the cognitive behaviour dimension took
notes on the given paper in their second and third reading of the problem.

3.3. Findings Related to the Students Group with Moderate Achievement (K.3.)

The metacognitive behaviours of the students with moderate achievement levels
during solving the problem, reading the problem and solving time are presented in Table
4.

Table 4. Data related to the problem-solving process of the students with moderate achievement level

Participants  Metacognitive Behaviours Demonstrated by the Number of Problem Solving Time
Participants Reading
Problem Aloud
K.3.1. A4-Ro-R3-C-As-A1-A1-R4-E3-Ri-C-Ei-As 4 5,39
K.3.2. Es-A1-As-Er-Eo-E1-R3-E3-C-Es-As-As 2 2,43
K.3.3. Es-A1-Rs-E4-Ro-R3-E1-C-Es 3 2,46
K.3.4. A1-Ro-C-Az-Rs-Ro-Ei-Ey-Ep-Es-Eq4 5 3,45
K.3.5. A1-R2-C-Ei-Ez-R4-Rs-Az-Ex 3 3,44
K.3.6. A1-A4-Ri-Ro-C-E4-Ry-As-Ro-Es-R1-A1-A5-C-C-Es-Es 2 2,33
K.3.7. As-R2-A1-As-Ryi-As-Ri-Ar1-E2-E1-R1-As-Eq4 2 1,58
K.3.8. Rs3-A1-As-C-Ez-As-As-Ei-Es 2 1,47
K.3.9. Ei- Ez- Es- A1- As- As- Rs- Ro-C-E5 5 4,13

The behaviours that the participants demonstrated are the short forms as A “awareness”, E “evaluation”, C
“regulation” and the number in the bottom index refers to the behaviour card presented in the Data Collection section.

As it is presented in Table 4, 104 behaviours were demonstrated in total in the student
group with moderate achievement levels. 35 of these behaviours were related to
evaluation, 32 awareness, 26 regulation and 11 cognitive behaviour dimensions. Among
the behaviours demonstrated in the moderate achievement group, a similar number of
behaviours were demonstrated in the dimensions of awareness and evaluation. Except
for the K.3.3 participant, all of the others in this group demonstrated the behaviour of “I
thought about whether what I was doing was working” in the evaluation dimension. In
addition, it was noticed that all the participants except for the K.3.3 and K.3.6 coded
participants, demonstrated “I thought about how I was going.” behaviour in the
evaluation dimension during the process. Besides, it was noticed that all of the
participants demonstrated the behaviour of “I thought about what I already know.”
among the behaviours in the dimension of awareness. As the participants with moderate
achievement levels were analysed separately, it was seen that 3 of the participants
demonstrated the behaviours in the awareness dimension and 3 in the evaluation
dimension most in number. The K.3.5 coded participant demonstrated equal numbers of
behaviours in evaluation and regulation dimensions. Besides, the K.3.6 coded participant



2070 Beydili& Bas/ International Journal of Curriculum and Instruction 14(3) (2022) 2056-2083

demonstrated the behaviours in the dimensions of evaluation, regulation and awareness
that were equal in number.

The total time that the students in the group of moderate achievement level spent 29
minutes 8 seconds in the problem-solving process and becomes the participants who
spent the longest time in solving the problem, on the other hand, the K.3.7 coded
participant spent the shortest time during problem-solving with 1 minute 47 seconds.
The behaviour cycles of the students with moderate achievement are presented in Figure
3.

K3.1: (AR,R,CAAARERCEA) K3.2: (EAAEEERECEAA) K3.3: (E,ARER,RECE)

K3.4: (A,R,CARR,EEEEE) K3.5: (ARCEERRAE) K3.6: (EAARRCERARERAACCEE)

K3.7: (A.RAARARAEERAE) K3.8: (RAACEAALEE) K3.9: (E,EEAAARRCE)

Figure 3. Behaviour order of the students with moderate achievement
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As it i1s indicated in Figure 3, it is seen that there are irreversible transmissions
between the behaviour dimensions. As it was considered within the scope of the
dimensions, it was found that all the students demonstrated at least one behaviour from
all the dimensions. As which behaviour did the participants at the level of moderate
achievement demonstrate to start the problem-solving process was analysed, it was found
that 4 participants started demonstrating a behaviour in the dimension of awareness, 4
in evaluation and 1 in regulation. 3 participants, who started the process with a
behaviour in the dimension of evaluation, started the process with the behaviour of “I
thought 'I can't do it.” As the last behaviour dimension of the participants in the
moderate achievement group was analysed, it was observed that all of the participants
except for the K.3.1 and K.3.2 coded participants, demonstrated at least one behaviour in
the dimension of evaluation. In addition, K.3.1 and K.3.2 coded participants completed
the process with the behaviour of “I thought about something I had done another time
that had been helpful.” which was in the dimension of awareness.

3.4. Findings Related to the Students Group with Low Achievement (K.4.)

The metacognitive behaviours demonstrated by the students with low achievement,
reading and solving time of the problem during the problem-solving process are
presented in Table 5.

Table 5. Data related to the problem-solving process of the students with low achievement group

Participants Metacognitive Behaviours Demonstrated by the Number of Problem Solving
Participants Reading Problem Time
Aloud
K.4.1. R3-A1-Ez2-As-R1-As-Rs-Eq4 2 2,18
K.4.2. Es- Re-Ez-As 3 2,42
K.4.3. A4-C-R3-E2-A1-Ri-R4-E3-Rs-As-Es 4 4,3
K.4.4. E4 2 2,06
K.4.5. A1-A4-R4-C-As-E3-Re-Eq4 2 2,36
K.4.6. As-A1-E4-As-As-Ei-Eo-Ey 3 1,37
K.4.7. E4-As-A2-Ra-R1-As-A1-C-Es-Eq 4 4,02
K.4.8. As-Re-E4-As-Ro-A1-Ez-Az 3 3,21
K.4.9. As-E4-C-As-Es-Rs-Es-Ro-Es-A1-Eq 2 2,29

The behaviours that the participants demonstrated are the short forms as A “awareness”, E “evaluation”, C
“regulation” and the number in the bottom index refers to the behaviour card presented in the Data
Collection section.

As it is presented in Table 5, participants in the K.4 group demonstrated 69
behaviours in total. When the number of behaviours that were demonstrated by the
students in this group was analysed according to the dimensions, it was found that 25
behaviours were demonstrated in the dimension of awareness, 24 in evaluation, 16 in
regulation and 4 in cognitive dimensions in number. As the behaviours, which was
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demonstrated most related to the awareness dimension, were considered, all the
participants, except for the K.4.2 and K.4.4 coded participants, demonstrated the “I
thought about what I already know” behaviour. In addition, among the participants in
this group, the K.4.4 coded participant, who demonstrated only one behaviour,
demonstrated the behaviour of “I thought 'I can't do it” in the dimension of evaluation
and completed solving the problem. As the evaluation dimension in this group was
analysed, all the participants, except for the K.4.3 participant, demonstrated the
behaviour of “I thought 'I can't do it.” In addition, the participants except for the K.4.4,
K.4.5 and K.4.7 demonstrated the behaviour of “I thought about how I was going” in the
dimension of evaluation. As the findings in the dimension of regulation were analysed, it
was noticed that most of the participants demonstrated the behaviour of “I thought about
what I would do next”. Another finding related to this group was that the K.4.4 and K.4.6
coded participants demonstrated no behaviour in the dimension of regulation. Besides,
another finding was that the participants in this group demonstrated less cognitive
behaviours in number compared with the participants in other groups.

As the time of reading the problem aloud by the K.4 group was analysed, it was noticed
that the participants in this group read the problem in 42 seconds. The K.4.2 coded
participant, who read the problem very slowly, completed it in 57 seconds. The K.4.1
coded participant, who read the problem quickly, finished reading in 34 seconds. In
addition, the participants in this group spent 25 minutes 41 seconds solving the problem.
The behaviour cycles of the students with low achievement were presented in Figure 4.
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K4.1:(R,A,E,A,R,A,R,E) K4.2: (E,R,E,A) K4.3: (A,C,R,E,A,R,R,E,R,A,E)

K4.4: (E) K4.6: (A,A,E,AA,E,E,E)

K4.7: (E,A,A,R,R,A,A,CEE) Ka.8: (A,R,E,A,RA,EA) Ka.9: (AE,C,AE,R,E,R,EAE)

Figure 4. Behaviour order of the students with low achievement

As Figure 4 is analysed, it is seen that there is no stable transition between the
dimensions in the order of behavioural dimensions, and all participants make reversible
transitions between the dimensions. As which behavioural dimension did the
participants in K.4 group start the problem-solving process was analysed, it was seen
that 5 of them started with a behaviour in the dimension of awareness, the rest 3 with
the behaviours in the evaluation and 1 with the behaviour in the dimension of regulation.
The participants, who demonstrated a behaviour in the dimension of awareness, started
the process by demonstrating different behaviours. As which behaviour did the
participant in the K.4 group demonstrate in completing the process was analysed, the
participants, except for the K.4.2 and K.4.8 coded participants, completed the process
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with a behaviour in the dimension of evaluation. Most of the participants, who completed
the process with the dimension of evaluation, finished the process with the behaviour of
“I thought 'I can't do it”. Among the participants, who completed the process with the
awareness dimension apart from the evaluation dimension, the K.4.2 and K.4.8 coded
participants completed the process with the behaviour of “I tried to remember if I had
ever done a problem like this before”.

4. Results and Discussion

The research results related to the metacognitive behaviours demonstrated by the
students with different mathematical achievement levels (outstanding, high, moderate
and low levels) during the problem-solving process are presented in this section.

When the total number of behaviours demonstrated by the groups were taken into
consideration, it was found that the group that demonstrated the highest number of
behaviours was the student group with outstanding achievement. There is a difference
that may be regarded as significant between the total number of behaviours that the
student group with outstanding achievement and the number of behaviours of other
groups. The number of behaviours demonstrated by the students with outstanding
achievement is approximately twice more than those of the low achievement group.
While the students with high and outstanding achievement levels demonstrated a similar
number of behaviours in this process, there was a significant difference between the
students with low achievement and those with high and moderate achievement in terms
of the problem-solving duration. These results overlap with the research results
suggesting that the students with the low level of mathematics achievement demonstrate
less metacognitive activities in the problem-solving process (Abdullah et al.,, 2017,
Desoete et al., 2001; Kuzle, 2018; Sweeney, 2010) and the academic achievements of the
students with high metacognitive awareness or using the metacognition strategies more
are higher than the academic achievements of the students using them less (Jaafar &
Ayub, 2010; Mayer, 1998; Ormrod, 2003; Ozsoy, 2011; Schunk & Zimmerman, 1998).
Similar results suggest that the students with high academic achievement levels even in
different disciplines, except for mathematics, demonstrate the metacognitive behaviours
more in number compared with the students with low academic achievement (Demir,
2013; Doganay & Demir, 2011).

When the total number of behaviours’ dimensions demonstrated by the groups was
considered, it was found that, while the students with outstanding, high and moderate
achievement demonstrated most behaviours in total in the dimension of evaluation, the
students with low achievement demonstrated behaviours in the dimension of awareness
most in number. This result is parallel with the research results suggesting that
evaluation is the most applied metacognitive behaviour dimension (Barbacena & Sy,
2015; Author, 2016; Kuzle, 2018, 2019; Wilson & Clarke, 2004); however, the awareness
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dimension is mostly observed among the students who have deficiencies in problem-
solving skills (Kuzle, 2018). When the number of cognitive behaviours demonstrated by
the groups was taken into consideration, it was found that there was a significant
difference between the total number of cognitive behaviours of the students in the
outstanding achievement group and the number of cognitive behaviours of other groups.
The total number of cognitive behaviours demonstrated by the students with outstanding
achievement levels was about twice more when they are compared with those with high
achievement levels; besides, it was approximately three times more, compared with the
total number of cognitive behaviours demonstrated by the students with moderate
achievement and seven times more when they are compared with the total number of
cognitive behaviours demonstrated by the students with low achievement level. In
addition, as there was a significant difference in the total number of cognitive behaviours
demonstrated between the students with outstanding achievement level and the total
number of behaviours of the students with moderate achievement level, it was found that
there was a significant difference in terms of the number of cognitive behaviours between
all the groups and the student group with low achievement level. Considering these
results, it can be stated that good problem solvers make more operations and take notes
during the problem-solving process. The result suggesting that the behaviours in the
evaluation are applied most during the process of problem-solving is parallel with the
results reached by Wilson and Clarke (2004) and Wong (1992) in different class levels. In
addition, the results suggest that the solution of the problem is a complex process
consisting of continuous change between metacognition and cognition as it is referred to
in the relevant literature (Artzt & Armour-Thomas, 1992; Author, 2016; Barbacena & Sy,
2015; Dunlosky, 1998; Kuzle, 2018, 2019; Lester, Garofalo & Kroll, 1989; Schoenfeld,
1992; Wilson & Clarke, 2004).

When the problem-solving durations of the groups were analysed, it was seen that
there was a decrease in duration from the student group with outstanding achievement
levels to the students with low achievement levels. The total amount of time that the
students with outstanding achievement level spent during the problem-solving process
are twice more than the total time spent by the students with low achievement level. In
addition, the total time that the students in the group of outstanding achievement spent
during the problem-solving process are approximately twice more than the total amount
of time spent by the students with moderate achievement in problem-solving. As the total
amount of time spent by the students with outstanding achievement and high
achievement in problem-solving is taken into consideration, it is seen that it is a
difference that may be regarded as significant for the problem-solving time. When the
problem-solving time for all of the groups was taken into account, it was concluded that it
was a difference that should be regarded as significant for the problem-solving process.

As the time spent by the group members, who started the problem-solving process with
reading the problem first, was analysed, it was realised that the students with
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outstanding achievement spent less time in their first reading the problem; on the other
hand, the students with low achievement spent more time in their first reading the
problem. This situation has an inverse correlation with the total amount of time that the
group spent solving a problem. While the total amount of time that the groups spent in
the problem-solving process decreased from the students with outstanding achievement
to the students with low achievement level, the total amount of time that the groups
spent in their first reading the problem increased from the students with outstanding
achievement level to those with low achievement level. When this situation was
analysed, it was concluded that the students with outstanding achievement levels spent
the time left from reading the problem to problem-solving by reading the question faster
than the other groups. It can be claimed that this situation is the same from the group
consisting of the students with outstanding achievement to those with low achievement.
In this context, the students with outstanding achievement spent more time in the
problem-solving process by reading the question faster than the students with high,
moderate and low achievement, the students with high achievement than the students
with moderate and low achievement, the students with moderate achievement than those
with low achievement.

The result, suggesting that the time spent in the problem-solving process decreases
from the students with outstanding achievement to those with low achievement, overlaps
with the result reached by Pressley (1995) and Sahin (2007). Pressley (1995) and Sahin
(2007) found that successful problem solvers analyse the problem for a long time before
starting to solve the problem; they assess whether they make progress in the problem or
not. If not, they change their strategies by returning at the beginning, that the students
with low achievement do not spend any time analysing and planning during the problem-
solving process. In addition, Hoy (2004) claimed that the students, with high
management of academic work or task, try alternative strategies, that they obstinately
continue their work until they reach a result by making more effort to be successful.
These situations indicate that successful students spend more time using more strategies
in the problem-solving process.

Successful students struggle for the mental representation of the problem that includes
shapes (Montague, Applegate, & Marquard, 1993). The problem solvers with low
achievement levels work passively in the problem-solving process by trying direct routes
to the solution and some difficulties they encounter distract them easily (Breslow, 2001).
Successful problem-solvers work actively in the problem-solving process; try to find
alternative ways of the solution by checking their solutions (Cai & Brook, 2006).
Successful problem solvers follow their progress actively in the problem-solving process,
deciding which strategies or approaches to pursue, or which ones to change and abandon
(Seldon & Seldon, 1997). Individuals with highly developed metacognitive skills make
decisions in solving the problem by selecting appropriate strategies; achieving successful
actions overcoming the problem and spending time to think about their processes
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(NCREL, 1995). It was noticed that the results gathered from the successful problem
solvers who spend time thinking in the problem-solving process, interest in figures for
the mental representation of the problem, work actively in the problem-solving process,
try different methods and monitor their progress. The results from the problem solvers
with low achievement who are passive in the problem-solving process and easily
distracted by the difficulties they encounter overlaps with the results reached within the
scope of this study.

When the behaviour dimension that the groups started the process was considered, it
was concluded that the groups started the process with the behaviours in the awareness
dimension most and they mostly completed the process with the behaviours in the
evaluation dimension. Similar results were reported by (Author, 2016; Barbacena & Sy,
2015; Fazira et al., 2020; Kuzle, 2018, 2019; Wilson & Clarke, 2004). The behaviour that
was demonstrated least in each achievement group was in the awareness dimension.
This situation was reported by Wilson and Clarke (2004) by attributing the low frequency
of reporting to the fact that mindfulness is not recognised by the student as a
metacognitive activity due to its less distinctive character (in the sense of conscious
calling to mind) compared to evaluation and regulation. In addition, Bas (2016) reported
the research results that student either demonstrated or did not demonstrate
metacognitive behaviours without being aware of them. As the behaviour order is
considered in general, it can be stated that the students demonstrated the behaviours in
the dimension of awareness at the beginning of the problem-solving process, behaviours
in the dimension of regulation in the middle and behaviours in the dimensions of
cognitive and evaluation through the end of the process most.

There are some recommendations below depending on the results reached in the
research.

* It can be beneficial in reaching a meaningful solution during problem-solving when
the teacher guide students by focusing on some behaviours respectively related to the
dimensions of awareness, regulation and evaluation during solving a problem in class,
showing the way to the students in the most demonstrated behaviours in all dimensions.

* As the students demonstrate behaviours related to the evaluation dimension most in
number within the scope of awareness, regulation and evaluation dimensions in the
problem-solving process, research to be conducted only on the behaviours relevant to this
dimension can contribute to the problem-solving process.

* As good problem solvers generally take notes of what is given in the problem,
teachers may emphasise this point in the problem-solving process. It can be ensured that
the students do regular exercises to solve the problem and take notes on paper.

+ As this research was limited to the eighth-class students, further research can be
conducted on a larger sample to increase the generalisability of the gathered findings.
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* As only one question was used in this research, more than one problem sentence can
be used in future research to increase the generalisability of the similar and different
behaviours that students demonstrate in the problem-solving process.
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