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EXPLORING METACOGNITIVE SKILLS OF UNIVERSITY STUDENTS
IN SOLVING MATHEMATICS PROBLEMS BASED ON COGNITIVE
STYLE

DJATMIKO HIDAJAT, SITI MAGHFIROTUN AMIN, TATAG YULI EKO SISWONO

Abstract: This study aims to determine the university students metacognitive skills for mathematical problem-
solving, based on cognitive style. Thirty-five university students at a private university, Sukoharjo, Indonesia,
were selected, in order to complete the Group Embedded Figures Test (GEFT) and Mathematical Ability
Tests. The result showed that university students were classified into two types of cognitive styles. Each group
was interviewed by one university students, based on the results of solving problems. It was also observed that
the two participantswere able to perform metacognitive activities, including planning, monitoring, evaluation,
and prediction skills, according to the indicators of the (metacognitive) skills, which were reported not to be
fully achieved. The two participants (field-independent and field-dependent) performed metacognitive
activities, which includes, (1) writing down and stating the facts contained in the question, (2) checking the
results according to the plan, (3) carefully evaluating the achievement of targets by examining the results
obtained, in order to ensure the correctness of every step conducted and planned, (4) predicting and stating
the conclusions reached, after solving the problem. Based on these results, it was suggested for researchers
and lecturers that have related problems, to examine the involvement of metacognitive skills more deeply, in

problem-solving.
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Introduction

In recent days, great attention has been paid to problem solving in education. Its
significance has been recognized not only at the national level (General Directorate of
the Department of Education, 2020), but also at the international level (NCTM, 2000).
Problem solving is the most important cognitive activity in everyday life (Jonassen,
2000; Verschaffel et al., 2020). Peter-Koop & Scherer (2012) explain that problem
solving and thinking form an integral part of the core knowledge of mathematics. Since
the early 1980s, the problem solving process has always been the main and fundamental
area of research (Bayat & Tarmizi, 2010; Schoenfeld, 2007). In addition, problem
solving is a cognitive process which requires a solution to a certain problem (Diisek &
Ayhan, 2014; Holyoak, 1990; Jonassen, 2003; Sweller, 1988). Students must therefore
have appropriate skills to solve problems, particularly with regard to the resolution of
problems requiring "'metacognitive skills.' Metacognition is reported to be closely related
to the learning process of mathematics, as well as playing an important role in problem-
solving activities (Gurat & Medula, 2016; Jagals & Van Der Walt, 2016; Schoenfeld,
2016). The importance of metacognition for problem-solving was also acknowledged by

(Artz & Armour-Thomas, 1992; Lee et al., 2001).

Metacognition includes cognitive processes that refer to higher-order thinking that
involves active control of cognitive processes, including the fact that they affect
mathematical learning or the conduct of students (Antonietti et al., 2000; Ozsoy &
Ataman, 2009; Susanto et al., 2020). The mastering of metacognitive skills will

influence the achievement of math, particularly in solving mathematical problems,
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according to (Abdullah et al., 2017; Clarke et al., 2007; Tzohar-Rozen & Kramarski,
2014). This is supported by Desoete et al. (2001); Son et al. (2020), who demonstrate th
at metacognitive abilities contribute to mathematical problem solving performance.
Desoete (2008) also states that students metacognitive are more strategic and brilliant

than those without these competencies.

Principally, the efforts to involve metacognitive skills into various learning activities are
expected, in order to provide beneficial improvements to the quality of learning being
carried out (Hargrove & Nietfeld, 2015; Smith & Mancy, 2018). Therefore,
metacognitive skills have an important role in learning, due to increasing the
educational activities and outcomes of university students, in order to have an impact
on problem-solving. Moreover, metacognitive skills are an aspect of one-dimensional

knowledge, which are interestingly needed for further study.

Previous studies have shown that metacognitive skills play an essential role in the
solution of mathematical problems. The results of Jagals & Van Der Walt (2016)
showed that metacognitive skills were needed for solving mathematical problems,
because of their ability to foster awareness, especially through planning and monitoring.
(Tachie & Molepo, 2019; Van der Stel et al., 2010), also showed that metacognitive
skills contributed to learning performance, and were independent of intellectual
abilities. Furthermore, Abdullah et al. (2017) showed that the level of student
achievement in solving non-routine mathematical problems was very low. There were
also significant differences in the metacognitive skills between students with different
levels of performance in solving non-routine mathematical problems. The performance
of students, whether or not successful, may be caused by a lack of metacognitive skills
(Zhang & Seepho, 2013). These descriptions showed that metacognitive skills are
important in the problem-solving process because they allow university students to

control their cognitive processes.

Moreover, cognitive style influences problem solving. This is supported by Bendall et al.
(2016); Mefoh et al. (2017); Trisna et al. (2018), differences in cognitive style may also
affect learning outcomes and problems. The results Pathuddin et al. (2019) have shown
a trend towards structured solutions, organization and re-structuring of new
information and linking it to their expertise in independent cognitive fields. While
students with field-dependent cognitive styles have unstructured and poorly structured
functionality for problem resolution. In addition, new information is hard to

restructure and relate to the information it already has.

A review of metacognition's role in mathematical problem solving should therefore take
place after recognizing the importance of metacognition in mathematical problem
solving. Furthermore, the role of metacognitive capacities in the solution of
mathematical problems is missing from empirical studies. Most studies in the past
considered solving mathematical problems with far less attention paid to cognitive style
(Son et al., 2020). This study was therefore conducted to study the metacognitive skills
of students in the resolution of cognitive-style mathematical problems. It focuses on the

metacognitive skills of planning, monitoring, evaluation, and prediction (Desoete,

2008).
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Based on previous studies, the difference in focus for this research is on the ability to
use metacognitive skills of planning, monitoring, evaluation, and prediction to solve
mathematical problems. The problem examined by this research, according to the
explanation, is "How are the metacognitive skills of university students in solving

mathematics problems based on cognitive style!"
Review of Literature

The application of metacognitive skills is reported to possess the form of task
orientation, planning, monitoring, evaluation, and recapitulation. Veenman & van
Cleef (2019), stated that these metacognitive skills were represented as a series of
internalized self-instructions, passing orders across to students about what to do, as well
as when, why, and how to carry out assignments. Metacognitive skills also controls
cognitive processes, which consists of planning, monitoring, evaluation, and predictive
attributes (Desoete, 2008; Veenman et al., 2006). Most studies are reported to only use
three stages of metacognitive skills, as only a few investigated the four steps. Therefore,
it is interesting to carry out these four processes, in the development of metacognitive
skills. These processes involve planning, monitoring, evaluation, and predictive skills.
The procedure in this study is observed to be associated with the stages of metacognitive
skills. These procedures were often used by (Lioe et al., 2006), in linking problem-
solving and metacognitive skills. Therefore, this resulted in the organization of problem-
solving steps (Liljedahl et al., 2016; Lioe et al., 2006), and the stages of metacognitive
skills (Desoete, 2008). Finally, the identification of university students metacognitive

skills in problem-solving was adapted and compiled. These includes, (see Table 1).

Table 1.Identification of university students metacognitive skills in problem-solving

Metacognitive Skills Activity

ting down what is known and asked, determining problem-solving

nin
& ctives, planning solutions, as well as looking for linkages and problems that
been completed.
\itoring rmining problem-solving results, checking the accuracy of steps, and
yzing the feasibility of the processes being planned for implementation.
uation lying other problems, as well as evaluating the achievement of goals.
liction imarizing and predicting the results of problem-solving detected

However, another aspect that is to be observed is the cognitive style.

The ability to solve an individual's mathematical problems is shown from various
dimensions, one of which is the cognitive style (Son et al., 2020). These differences are
reported to be observed in the strategies of solving mathematical problems, in terms of
intelligence level, creative thinking skills, as well as methods to obtain, store and apply
knowledge. Volkova & Rusalov (2016), stated that cognitive styles are divided into
various types, namely field-dependent and independent, impulsive and reflective, as well
as intuitive and systematic methods. However, the focus of cognitive style is field-
dependent and independent, in this study. Globally, several researchers are very

interested in examining the relationship between cognitive style dimensions and
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mathematical abilities (Chrysostomou et al., 2013). Even though much research has
been carried out on both field-independent and dependent cognitive styles, few
attention has been made to these cognitive styles, in terms of specific areas, such as

problem-solving and mathematical operations (Nicolaou & Xistouri, 2011).

Field-independent cognitive styles tend to be independent and confident, compared to
the dependent cognitive styles, which has been reported to rely on external influences
(Son et al., 2020; Witkin et al., 1977). Interestingly, these cognitive style differences are
found to exhibit metacognitive skills, which helps in solving mathematical problems,
especially in drawing cubes. Educators are advised to consider the results of this study,

due to its assistance in designing effective instruction about the slices of the cube.
Method

This study used a descriptive-exploratory research design to thoroughly explore the
metacognitive skills of university students, in mathematical problem-solving, which was
focused on "Cube Slices". The participants were thirty-five university students at private
Universitiy, Sukoharjo, Central Java, Indonesia. This study was observed to use a
purposive sampling method, in order to select the needed amount of participants
(Miles, Huberman, & Saldafa, 2018). The participants were instructed to complete the
Group Embedded Figures and Mathematics Ability Tests (GEFT & MAT), with
solutions divided into two groups based on the scores. Therefore, two participants
(field-independent and field-dependent) with similar abilities were interviewed.
Furthermore, in order to explore the characteristics of each group, both participants
were instructed to solve cube slice questions. Afterwards, task-based interview was

conducted with one of the university students from each group.

The Group Embedded Figures Test (GEFT) was reported to have been adapted from an
instrument developed by Witkin (Witkin et al., 1977). It consisted of three parts, which
possessed 9 pictures (2 initial examples and 7 final exercises) for each categories,
respectively. Furthermore, the questions used as a Mathematics Ability Test were
adapted from the SBMPTN examination bank, for the 2019/2020 school year. In order
to observe the process of metacognitive skills and record interviews, observation sheets
were used. It consisted of several open-ended questions, which were used to explore
metacognitive skills, in the process of solving mathematical problems. The instrument
was also tested for validity and reliability before use, as validation of the question
contents and interview sheets was carried out by two mathematicians and one
educational expert. The criteria for the validity of the instruments included the
feasibility of the test questions, content, language, and appropriate instructions, which
were used to reveal the metacognitive skills process of university students. Due to these
results, participants were instructed to solve a mathematical problem, namely a cube

slice. The problem is presented in Figure 1 below.

using the affinity axis.

Given the cube ABCD.EFGH with U the midpoint of EH, V the midpoint of AE, and W
the midpoint of AB. Draw the plane a through the points U, V, and W slicing the cube

Figure 1. Mathematical Problems
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In order to analyze the data, the Group Embedded Figures and a Mathematics Ability
Tests were initially provided. Their results obtained were recorded into two groups
based on the GEFT score (field-independent > 10 and field-dependent < 10), which
ranged from 0-18, and that of Mathematics Ability Test (> 80). The Mathematics Ability
Test (with> 80) group with a field-independent and dependent cognitive style, were
used as the research participants. Afterwards, mathematical problems were provided to
the university students, as they were being examined based on their reasons, when
performing the process of solving the cube slice issue. Each participant was thoroughly
observed, based on their metacognitive skills in solving problems. Afterwards, the
triangulation process was carried out, in order to verify the data collected from the
interviews. Triangulation was also carried out to confirm the results of students'
answers. Moreover, the university students and researcher were coded as S-1 & P,
respectively. Conclusively, the results of the metacognitive skills of the two university

students in solving the mathematical problems, were also summarized.
Results

Among the thirty-five university students that carried out the Group Embedded Figures
Test, twenty had a score of > 10, with the remaining fifteen obtaining < 10. However, in
the Mathematics Ability Test, eighteen university students had a score of > 80, with the
remaining seventeen having < 80. After the provision of the GEFT and MAT scores to
the university students, ten and eight of them (having a score of > 80) were obtained
into the field-independent and dependent cognitive styles, respectively. Among the
eighteen potential participants that achieved the criteria, one candidate each with
relatively similar abilities, were selected from both the field-independent and dependent
cognitive styles, respectively. In order to discover more about the metacognitive skills of
university students in solving mathematical problems, the following were the results of
the interviews with two of these participants, where S-1 & S-2 are the field-independent

and dependent cognitive styles, respectively.

Metacognitive Skills in the Problem-solving Process of S-1

Based on the fact that S-1 had written all details in the problem, this meant that the
participant understood what was provided and should be discovered in the problem.
From the university students' sheet, it was indicated that S-1 also stated the planning

stage, as presented in Figure 2.

Planning Skills of S-1

Ditretahut - trubus  ABCO EFEH  dengan U AWK Yenagh gy
N pti dengab AE dan W At kengoh pg -
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Trandate Version
Given: Cube ABCD.EFGH with U the midpoint of EH, V the
midpoint of AE, and W the midpoint of AB.
Asked: Draw a plane through points U, V, and W dicing the
cube using the affinity axis. Explain each step of the completion.
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From the results of the interview with S-1, conscious information that was predicted to
be obtained from the problem was provided. However, the participant had a little
difficulty in providing the information to be used in solving the problem. Based on the
interviews with S-1, the following was obtained.

P:  How did you determine what was provided and asked in the question?

S-1: S-1: Just reading and understanding the problem, as well as working on it
according to the steps. However, a little confusion set in when I started drawing the
cube pieces.

P:  What made you believe that the goal to be achieved is correct?

S-1:  The reason was that [ already understood the problem and questions being asked.
P:  To solve this problem, what knowledge did you use?

S-1:  The knowledge of geometric shapes.

P:  Regardless, is there any other knowledge that should be used to solve this
problem?

S-1: Yes Sir, the knowledge of points, lines, and fields in Geometry.

Based on the description of metacognitive skills in understanding problems and making
plans, S-1 identified questions by reading and understanding the problematic inquiries
being asked. Based on the determination of problem-solving, S-1 convinced P that the
goal to be achieved was actually due to understanding the problem and questions being
asked. However, in completing the planning, S-1 was convinced that the assumed
solution was correct, due to the fact that the meaning and direction of the problem had
already been understood. S-1 also stated that the method used to solve the present
problem was the knowledge of slices. The participant also stated that the alternative
methods used in the problem-solving process were the basic knowledge of the geometry
of points, lines, and planes. However, these were not optimal in the usage of skills.
Based on individual knowledge, S-1 was observed to have determined the goal of the
problem. Also, S-1 was observed to have discovered a connection with the problem,
which had already been resolved. Therefore, based on metacognitive skills in solving

geometric problems, S-1 was reported to have achieved the planning criteria.

Monitoring Skills of S-1
From the university students' sheet, it was indicated that S-1 also discussed at the

monitoring stage, as shown in Figure 3.
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- (USUR_Hg™ dihw §. 6. Extending points P and U that intersect HG at point S.
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From the interview results with S-1, conscious explanations about the strategies to be

used in solving the problem was provided. Interviews with S-1 were as follows,

P:  Are you sure the strategy implementation procedure is correct?

S-1: Yes, of course, Sir, because it was carried out accordingly to what I had planned.
P:  Are the results of solving the problem carried out correctly?

S-1: Yes Sir.

P:  What is the reason for saying it?

S-1: The reason is that I believe the steps to solve it were conforming to my image and
strategy.

P: How do you know that the strategy you are using is suitable for the question's
objective?

S-1: I read the question over again, then reviewed the steps I had taken.

P:  State your strategy procedure?

My strategy was to read and understand the problem, then draw the ABCD.EFGH
cube. Afterwards, I think of each step used when drawing the slice of the cube, by using
the affinity axis method. With that being carried out, I proceeded to double-checking.
P:  After carrying out your strategic planning procedures, what did you do?

I double-checked the steps, in order to know whether they match what I drew or not.
The result was the plane a, which is a hexagon that intersects the cube ABCD.EFGH.

In determining the problem-solving results, S-1 checked the results by conforming to
what had been planned, because the steps carried out were correct and similar to the
picture and strategy. Also, S-1 checked the troubleshooting stages, by re-reading the
questions and examining the steps taken. S-1 also stated that the strategy used was to
read and understand the problem first, then draw the cube shape ABCD.EFGH.
Afterwards, the participant thought each step that was used when drawing the cube
pieces, via the use of the affinity axis method. In analyzing the suitability of plans made
with implementation, S-1 double-checked the steps to know whether they were similar
to what had been drawn or not. Furthermore, S-1 stated that the result was in line with

what was explained, due to obtaining the final answer, which was the o-field in the form
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of a hexagon that sliced the cube ABCD.EFGH. Also, S-1 was aware of using individual
knowledge to recheck whether the problem-solving result corresponded to the stages
provided. Conclusively, the participant was observed to have consciously re-checked the
truth of the strategic planning implementation procedure, towards solving the problem

presented.

Evaluation Skills of S-1
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Figure 4. Answer of S-1
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In the evaluation stage, S-1 was made to realize that the obtained results was as expected,
with the participant not experiencing confusion in solving problems. Interviews with S-1

were as follows.

P: Do you have any other way to check the results of the solution?

S-1: No Sir, that was the only method I used to double-check the results of solving the
problem.

P:  Is the method you used to check your results correct?

As far as [ know, it is correct, Sir. And this was through re-reading and double-checking the
image of the cube slices, as well as the steps I carried out, in order to compare the
similarities of the picture in an effective way.

P:  What things did you check carefully and in detail, on the sliced cubes?

Generally, what I checked was the suitability of the steps, the drawing results, each point's
location, the intersection of the lines, and the o plane that intersects the ABCD.EFGH
cube.

P:  Was there anything else that was carefully examined?

S-1: Nothing, that was all I carefully checked.

S-1 evaluated the goal achievement by carefully examining the results obtained, in order to
ensure the correctness in each step taken, as well as have the knowledge about its conformity
to the previously planned strategy. S-1 also stated that the parameters carefully checked was
the steps' feasibility, drawing results, each points' location, intersection of the lines, and the
o plane that sliced the ABCD.EFGH cube. Moreover, the participant also observed self-

evaluation, in terms of problem-solving methods and main achievement.

Prediction Skills of S-1
S-1 consciously believed that the steps used were in accordance with the concept, as well as
correct due to being based on the experience learnt in drawing cubes, in the Capita Selekta

course. Furthermore, the participant stated that the concepts used was the spatial
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intersection, as well as basic knowledge of points, lines, and planes in geometry. Also, S-1
predicted the outcome of solving problems by claiming the correct answer, based on the
steps of the solution, drawing the pieces of the cube, the final result, as well as due to
previous knowledge used in creating the slices of space. The participant also stated that the
conclusions obtained after solving the problem (basic knowledge of points, lines and
planes), should be accurately understood, because they are closely related to drawing spatial

slices.

Metacognitive Skills in the Problem-solving Process of S-2

Based on the fact that S-2 had all the details contained in the problem, this meant that the
participant understood what was provided and should be discovered in the problem.
However, it was observed that S-2 was unable to explain a sketch of knowledge, which was

related to the problem. The following showed the written results and interviews of S-2.

Planning Skills of S-2
Trandate Version
S
Dilket - \Tunus Accoeron Given: Cube ABCD.EFGH, U the midpoint of EH,
U L. fengan Tn
M Seama e V themidpoint of AE, and W the midpoint of AB

Lt vk "eh,q-‘ﬁ
Planya- Sambariaw

Asked: Draw a dice of the plane through points U,
YV dan w Ay V, and W with the affinity axis?

Surmou aginvas 7

Figure 5. Answer of S-2

Interviews with S-2 was presented as follows,

P:  How did you determine what was provided and asked in the questions?

S-2: I read the guidelines/instruction questions and understood what was known.

P:  What makes you believe that the goals achieved are correct?

Because I have read the instructions in the questions and understood them, as well as
discovered what was meant.

P:  Are you sure the complete plan to be used is correct?

S-2: Yes, sure Sir.

P:  What makes you so sure?

Because the command of the questions was clear, with the goal or the final answer
placed in the right destination.

P:  To solve this problem, what knowledge did you use?

S-2: Geometry Sir.

P:  What is the reason for saying Geometry!

In the Geometry lesson, there was a discussion in slices of space. This knowledge was
then used to draw the slices of a cube.

P:  Regardless, is there any other knowledge that was used to solve this problem?
S-2: No Sir.
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S-2 thought about the methods to understand, by representing and writing them in
sentences and symbols. The participant also identified the problem by reading the
question instructions first, then understanding it as a whole. S-2 was also reported to
have mentioned all the information in the provided questions. In determining
problem-solving goals, S-2 ensured that the goals achieved were correct, by reading the
instructions about the problem and understanding them, in order to achieve solutions.
S-2 also stated that writing things that people have knowledge about, made it easier to
understand the meaning of the problem. Based on the completion of plan carried out,
the participant's planning solution assured correctness, because the command questions
and results were right and clear. Also, S-2 stated that the method used to solve the
problem was Geometry. However, S-2 was unable to provide an answer about other

knowledge, which was likely to be used in the problem-solving process.

Monitoring Skills of S-2

At the monitoring stage, S-2 was sure that the results of the problem-solving that was
carried out were correct. However, the participant did not realize that the written steps
were not systematically sequential in drawing the slices of the plane, during the
determination of the problem-solving result. S-2 also checked the results as planned,
due to meeting the strategy implementation procedure. Also, the participant stated how
the strategy used was discovered by the objectives of the problem, through the order of
questions rules in solving the issue. It was also stated that the strategy used was to read
and understand the problem first, write down what is known and asked, draw the
ABCD.EFGH cube using the affinity axis method, and double-checking from start to
finish. Furthermore, S-2 analyzed the suitability of the plans made with the results
obtained, by double-checking from the beginning of the work (things that are known,

steps, pictures, and final results).

Evaluation Skills of S-2
From the evaluation stage, S-2 correctly answered the question, and obtained the

correct results based on the following answer sheet.

Figure 6. Answer the problem of S-2

S-2 answer and interview stated that there was no other way to check the problem-
solving results conducted, than double-checking from the beginning of the work until
the final result, which was a plane that cuts the cubes. S-2 also stated that the method

used was correct, because it was often used when doublechecking the problem-solving
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results, from the beginning to the end. Moreover, the participant evaluated the target
achievement, by carefully examining the results obtained, in order to ensure the
correctness of all the results of the work conducted. S-2 also stated that what was
carefully examined was known, in terms of location of the points on the line, suitability

of the steps with the pieces of the cube, and the cross-sectional planes formed on

ABCD.EFGH.

Prediction Skills of S-2

S-2 predicted problem-solving by claiming the correct answer, based on the strategic
plan used, solving steps, and the end result. It was also stated that the conclusion
obtained after solving the problem, was due to the necessity to have basic knowledge of
the relationship of points, lines, and planes, as well as accuracy in drawing spatial slices,
especially in cubes. This meant that S-2 tended to need help, in order to solve the
problems at hand.

Discussion

The aim of this study was to explore the metacognitive skills of university students
about mathematical problems, via the investigation of their written answers and
interview results on a problem-solving test (drawing cube slices). The results showed
that both participants used their metacognitive skills. However, there were some
inabilities to use those skills at certain stages of evaluation. For example, "I am unable
to explain any other knowledge used for the same problem". This was due to the lack of
strategic and procedural knowledge about cube slices, which seemed to be the main
source of errors experienced by university students, in solving mathematical problems.
Moreover, this lack of knowledge had been expressed by (Cardelle-Elawar, 1992), which
stated that in most classrooms, lecturers tend to ignore this problem. Introduction at
the beginning of learning mathematics is very important, because it helps the process of
metacognitive skills. However, both participants were able to write down and state the
facts contained in the questions. These problem-solving abilities related to
metacognitive skills, were in line with the research (Jagals& Van Der Walt, 2016;
Magno, 2010).

Subsequently, insight into the procedures the participants used in drawing the slices of
the cube was acquired, at the monitoring skills stage. There were also differences in the
participants' results and procedures regarding this acquisition. S-1 (field-independent)
consciously guaranteed the correct solution steps, determined the results of solving the
problems presented, and obtained confirmation from written answers. However, S-2
(field-dependent) did not realize that the written steps were not systematically sequential
in drawing the cube slices and determining the result of solving the problem, even
though the outcomes obtained are correct. Also, based on the use of monitoring skills,
both participants checked the results against the plans made, in order to know whether
they attained the strategy implementation procedures. Monitoring skills are defined as
selfregulated control of cognitive attributes, which are used during actual
performances, in order to identify problems, modify plans, and check the awareness of
understanding, during task efforts. The activities of the two participants were in
accordance with the statements by (Desoete, 2008; Son et al., 2020; Veenman& van
Cleef, 2019).
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The concept for starting a cube intersection was that, the intersect points of the plane
and the object (cube) does not have to be a polygon. The intersections are likely to be
empty (such as when the plane and the cube do not meet at all), single points (such as
when the plane meets only the vertices of a cube), or line segments (such as when the
planes meet only at the ends of a cube). In this case, the field does not fill the inside of
the cube. Furthermore, polygons are likely to have three, four, five, or six sides (Gémez,
2009). Therefore, it was easier for university students to draw the slices of the cube,
especially when making completion steps. This result was confirmed by the studies of
Hargrove & Nietfeld (2015); Simons et al. (2020); Tian et al. (2018), which emphasized
the importance of metacognitive knowledge, in mathematical learning that had been

reported to have an impact on mathematics performance.

At the skill evaluation stage, the two participants evaluated the achievement of targets.
Both of them carefully reviewed the results obtained, in order to ensure the correctness
of each step conducted, and made sure it was in accordance with the previously
planned strategy, as well as confirmed by written answers. This activity was in line with
the study of Veenman et al. (2006), which stated that evaluation or monitoring
activities were needed, in order to detect procedural and framework errors of action
plans at the planning stage. However, it was observed that the differences in the results
of the two participants were that S-1 had alternative methods of checking the results of
problem-solving, with S-2 (field-dependent) having none. Even though there were
different levels of education and age, this result was in line with the study by (Bayat &
Tarmizi, 2010; Garrett et al., 2006), which stated that there were differences between
the two study participants, which evaluated the outcomes of assessing right and wrong
solutions. This result had implications for the usefulness of university students self-

reviews, during mathematical problem-solving.

According to Desoete (2008); Kesici et al. (2011); Wang et al. (2021), prediction skills
enabled learners to metacognitively anticipate task difficulties, making them work
steadily and faster on difficult and easier tasks, respectively. Additionally, predictive
skills also allowed learners to associate certain problem types, in order to develop
intuitive knowledge about the conditions necessary for carrying out a task, and to
distinguish between real difficulties in solving mathematical issues. Based on the
combination of data possessed, students were invited to involve previously acquired
knowledge with information obtained from the tests, which were ready to be used in
imagining the possibilities that are to occur. Moreover, the results showed that the two
participants were able to predict and draw conclusions, after solving the problem of

slicing a cube.

Comparing performance metacognitive skills of university students field-independent
and field-dependent cognitive syles.
Table 2. Equality and Diversity Metacognitive Skills Subject

MetacognitiveSkills Equality

Diversity
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MetacognitiveSkills

Equality

Diversity

ning

ting down and stating the facts

ained in the problem

field-independent) had very few problems with
information that were used to solve the
slem. However, S-2 (field-dependent) was
sle to explain the sketch of knowledge related

1e questions provided.

\itoring

cking the results according to the
, because it had met the strategy

lementation procedure.

field-independent) guaranteed that the selected
tion steps were correct, as they had the abilities
letermine the results of solving the problems
ented. However, S-2 (field-dependent) did not
ze that the written steps are not systematically

lential in determining the results of problem-

ng.

uation

uating the achievement of targets, by
fully examining the results obtained,
rder to ensure the correctness of each
taken, as well as to ascertain whether
as in accordance with the previously
ned strategy.

S-1 (field-independent) had another way to
k troubleshooting results, with S-2 (field-
:ndent) having none.

liction

ing the conclusions abtained after

ng the problem

. (field-independent) areless likely to need help
solving problems. However, S-2 (field-
:ndent) tended to require scaffolding, in order

slve the present problems.

This study's discussion contained four types of metacognitive abilities, namely planning,
monitoring, evaluation, and prediction skills. In this study, metacognitive skills in
drawing cube slices were in line with successful problem-solving studies, although there
were several phases that needed treatment. Therefore, before presenting the topic of
sliced cubes, lecturers should ensure that university students have metacognitive and
procedural knowledges, as well as experiences. These combinations were observed to
have been able to contribute to the success of this study.

Conclusion

The main objective of this study was to explore the metacognitive skills of field-
independent and dependent university students, based on cube slices. According to the
descriptor/indicator of metacognitive skills, it was concluded that the two participants
carried out relatively similar activities, which includes planning, monitoring, evaluation,
and prediction skills. However, there were indicators that had not been fully achieved,
by both participants. The following equalities were also derived from the two
participants,

(1) Writing down and stating the facts contained in the question.

(2) Checking the results according to the plan, in order to determine whether they had
met the strategy implementation procedure.

(3) Evaluating the achievement of targets, by carefully examining the results obtained, in

order to ensure the correctness of every step taken and planned.
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(4) Predicting and stating the conclusions attained, after solving the problem.

The insights observed in this study suggested some implications for the further
development of a broader range of metacognitive skills, for university students. The
results also had implications for teaching factual, procedural, and metacognitive
knowledge, when solving problems. From the results and implications, useful
considerations were also deduced, when designing the activities to draw cube slices in
the preparation program for educators, especially lecturers. Based on the limitations of
this study, data were observed to have resulted from a smallscale investigation, which
included two different cognitive style university students, from thirty-five participants in

one private university.
Recommendations

Further study on this issue was still needed, in order for a wider scope and different
problems, even though both participants had achieved and fulfilled the metacognitive
skill activity. However, treatment and teaching also still needed for university students,
in order to maximize the use of their metacognitive skills. Therefore, observations of
the educators' teaching process on mathematical problems provided interesting data,
which were likely to be used by other educational practitioners. Also, this study is
hereby recommended for researchers and lecturers that possess similar problems, in
order to deeply examine the involvement of metacognitive knowledge in problem-

solving.
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