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A significant amount of scholarly investigation has recently focused on
metacognitive activity. However, the examination of metacognitive variations
in solving math problems that are still limited in scope. This case study
examines gender differences in activity variations of metacognitive activities,
specifically awareness, regulation, and evaluation, in prospective teachers
solving mathematical problems based on mathematical models. Participants
were selected through purposive sampling. Twelve male and sixteen female
participants were chosen from those who participated in the 'capita selecta'
mathematics course at a public university in West Java, Indonesia. The data
were collected through mathematical problem-solving tasks and interviews.
The results show that the variations in metacognitive activities between male
and female participants are different. Females tend to be more complex and
structured in their evaluation activities, while males tend to be more complex
and structured in their awareness activities. Based on the results,
recommendations are made for future studies.
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1. INTRODUCTION

Studies on metacognition in problem-solving have significantly progressed,
particularly in mathematics education (Kayashima et al., 2005; Laamena & Laurens, 2021;
Permadi & Irawati, 2023). Previous research has shown that metacognition plays a crucial
role in determining the success or failure of solving mathematical problems (Bakar et al.,
2021; Gurat & Medula Jr, 2016; Kaune et al., 2011; Magiera & Zawojewski, 2011; Ozturk,
2016; Panaoura & Philippou, 2005). Metacognition, as explained by Flavell (1979), refers
to cognitive processes involving individual awareness of the acquisition of knowledge and
the ability to organise knowledge. Metacognitive activities during problem-solving
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performance in early and later phases have been a significant focus of previous researchers
(Goos, 2002; Schoenfeld, 1987; Stillman & Galbraith, 1998; Zan, 2000).

Metacognitive activities involve cognitive processes when solving mathematical
tasks, particularly metacognition (Hastuti et al., 2016). This mental activity can increase and
grow individual metacognitive awareness (Temur et al., 2019). Metacognitive activities in
solving problems include three components, namely awareness, regulation, and evaluation
(Magiera & Zawojewski, 2011; Wilson & Clarke, 2004). Metacognitive awareness is an
individual's awareness during the problem-solving process, the problem-solving strategies
used to solve the problem, the individual's previous knowledge and the unique knowledge
needed to solve the problem. Metacognitive regulation is an individual's knowledge about
the strategies chosen and used, including how and why the individual uses these strategies.
Meanwhile, metacognitive evaluation is a decision taken by an individual regarding the
results of their thinking, the limitations of their thinking in problem situations, and the
limitations of individual strategies in solving problems.

There are two terms in understanding a person's metacognitive activity in solving
problems: between 'shifts' and 'variations." Shifts indicate progress or significant changes in
a person's metacognitive activities, while variations indicate their ability to adapt their
metacognitive activities to different situations. Metacognitive activity shifts can be grouped
into constructive and perfunctory metacognitive activity shifts. Constructive metacognitive
activity shifts involve the awareness and evaluation components of metacognitive activity.
The shift in perfect metacognitive activity involves the components of awareness,
evaluation, and regulation of metacognitive activities (Hastuti et al., 2016).

Indeed, investigating metacognitive processes (i.e., awareness, regulation, and
evaluation) in the context of mathematical problem-solving remains a pressing and exciting
area of research today. Research conducted by Magiera and Zawojewski (2011) aimed to
characterise problem-solving scenarios associated with spontaneous metacognitive activities
in small group conversations among ninth-grade students. Hastuti et al. (2016) investigated
changes in creative metacognitive activity in junior high school students when solving
mathematics problems. Additionally, Gurat and Medula Jr (2016) researched the utilisation
of metacognitive methods by prospective instructors during implementing metacognitive
tasks. However, their research is limited to examining behavioural, character and
metacognitive process changes when elementary or middle school students solve math
problems. Limited research investigates this topic among prospective mathematics teachers.
Research conducted by Pathuddin et al. (2019) mainly examined male students'
metacognitive activities, especially their cognitive styles. Research conducted by Panjaitan
(2016) centred on exploring differences in metacognitive activity during the assessment
process. However, their research was limited to reviewing behavioural, character and
metacognitive process changes when elementary or middle school students solve math
problems.

The discussion regarding the limitations of previous research above is strengthened
by the findings of a preliminary study conducted at a state university in West Java, Indonesia.
This research focused on prospective mathematics teacher students and involved the
administration of mathematics problem-solving tasks. Findings showed that most (80%)
students concentrated on describing the final solution when solving mathematical problems.
Based on the results obtained, it can be seen that only 20% of male students achieved success
in overcoming this problem.

Based on the obstacles observed in previous research and the findings from the initial
investigation, the researcher was motivated to explore the occurrence of differences in
metacognitive activities between male and female perspective mathematics teachers when
solving mathematical problems. This inquiry aims to develop a mathematical model to
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effectively address and solve these problems. Examining variation plays a vital role in
understanding the metacognitive processes used by prospective educators when engaged in
problem-solving tasks. To prioritise these studies, it is critical to speed up their
implementation. Given these circumstances, researchers sought to address the gap in the
existing literature due to the lack of research examining the influence of gender on
prospective teachers.

The study aims to report and provide descriptive data about gender-based differences
In metacognitive activities among prospective teachers when solving mathematics problems.
Therefore, this research offers a valuable contribution to the progress of science, especially
in metacognition literature studies. Specific contributions to the mathematics learning
process at the university level include lecturers' considerations in determining strategies,
approaches, modules, and evaluation sheets that align with the frequency of variations in
metacognitive activities and habits. These factors are critical in facilitating the development
of practical problem-solving skills and the creation of powerful mathematical models for the
future teaching of teacher candidates. Furthermore, further investigation is needed to
overcome the obstacles inherent in the research conducted by Hastuti et al. (2016) and
Panjaitan (2016) regarding examining variations in metacognitive activities among students.

2. METHOD

This research uses a qualitative case study approach to examine the variability of
metacognitive awareness, regulation, and evaluation activities proposed by Magiera and
Zawojewski (2011) and De Backer et al. (2016) among prospective mathematics teachers.
Variations in metacognitive activity are observed through problem-solving tasks that utilise
mathematical models. Furthermore, this research aims to elucidate the components of
metacognitive activities, namely awareness, regulation, and evaluation, and their
manifestation during the cognitive task-solving process.

This research involved 58 prospective mathematics teachers, 19 males and 39
females, enrolled at a state university in West Java, Indonesia.

Table 1. Descriptive statistics

Descriptive statistics Male Female
N 19 39
Minimum 65 68
Maximum 86 85
Reach 21 17
Average 79 79
Standard Deviation 6.40 4.42
n (participants) > Average 12 16

Based on the data in Table 1, prospective mathematics teachers were identified as
potential participants, including twelve males and sixteen females. The selection of
participants utilised a purposive sampling technique (Miles et al., 2014). This technique was
chosen because it aligned with the expected goal that the participants could provide in-depth
information and be considered to have relevant insights, experiences, or characteristics.
Participants were selected based on the following criteria: the first criterion being scored
above the average. This was chosen because someone who can solve problems well has good
metacognitive awareness as well (Desoete et al., 2001; Handel et al., 2013; Khasanah, 2021;
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Yildiz & Dokme, 2017). The second criterion is that participants can solve math problems
with systematic stages (identification, planning strategies, solving problems, and re-
examining the results). The third criterion is that participants are willing to be a source of

information.

2.1. Data Collection Process

Prospective mathematics teachers were assigned problem-solving tasks supported by
auxiliary instruments consisting of mathematical problems based on models and
unstructured interviews. The instruments were validated for internal validity by two experts,
resulting in a high validity rate of 95.8%. The problem-solving task based on mathematical
models, specifically involving linear equations, follows a process that represents a
mathematical model. This task was adapted from Juniati (2020).

Problem-solving tasks:

Andre and Nia have been friends since childhood. If Andre were Nia's age now,
Nia would be 12 years old. When Andre is 36, Nia will be Andre's age now. Find
Nia's current age. Present a mathematical model of the problem and solve it!

Participants received a written problem-solving task within a 30-minute timeframe.
They were instructed to articulate their thoughts throughout the process, known as ‘think-
aloud," from beginning to end. The study examined metacognitive activities based on the
stages of the thinking process aligned with the problem-solving stages. Table 2 outlines the
components of metacognitive activity.

Table 2. Components of metacognitive activities (adapted from De Backer et al., 2016)

Metacognitive Activity
Components

Information

Awareness

Statements regarding individual reflection on the results of their

mathematical cognition, explicitly discussing:

a) Existing understanding of mathematical problem-solving
tasks (AMAO1).

b) Relevant  mathematical knowledge  required  for
mathematical problem-solving tasks (AMAQ2).

c) Application of mathematical problem-solving strategies
(AMADO3).

d) Steps required to complete a math problem-solving
challenge (AMAO04).

e) What steps have been used or have the potential to be applied
to overcome mathematical problem-solving challenges
(AMAD5).

Regulation

Individual discourse regarding the results of their mathematical

cognition is related to the following:

a) Formulate a systematic approach to solving mathematical
difficulties (AMRO01).

b) Identify alternative methodologies used to solve
mathematical problems (AMRO02).

c) Determine the following mathematical problem-solving
action (AMRO03).

d) Selecting appropriate problem-solving techniques that will
be implemented effectively (AMRO04).
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Metacognitive Activity
Components

Information

Evaluation

An individual's evaluation of their mathematical thinking,

explicitly focusing on the following aspects:

a) Individual assessment of the abilities and limitations of the
thinking process and its results (AMEOL).

b) Effectiveness of the problem-solving strategy chosen by the
individual (AMEQ2).

¢) Evaluation of the individual's answers or final results
(AMEO3).

d) Assessment of any difficulties encountered when
completing mathematics problem assignments (AMEOQ4).

e) Individual self-assessment of their Problem-solving abilities
(AMEOQ5).

Furthermore, to show the unique variations of metacognitive activities, each
indicator component is depicted with coloured symbols in Figure 1. The circles, triangles,
squares, numbers and arrows represent variations of metacognitive activities. The circle
symbol is characterised as the awareness component of metacognitive activity. The triangle
symbol is marked as the organisational component of the metacognitive activity. The square
symbol is marked as the evaluation component of the metacognitive activity. Each
metacognitive activity component has sub-indicators marked with number codes (e.g. code
01, 02, and so on) according to the number and order (see Table 2) within each symbol. The
numbers (1, 2, 3, and so on) placed outside the symbols indicate how the metacognitive
activities occur. Orange-coloured arrows indicate the order of the process of metacognitive
activities performed by Participant R1. Participant R2 shows blue arrows, participant R3
shows pink arrows, and participant R4 shows black arrows.

@1 ) : Existing understanding of mathematical problem-solving task (AMAO1)
Bé : Relevant mathematical knowledge required for mathematical problem-
A solving tasks (AMAO2)
@3> : Application of mathematical problem-solving strategies (AMAO3)
<04> : Step required to complete a math problem solving strategies (AMAO4)
65 1 What steps have been used or have the potential to be applied to
: g overcome mathematical problem-solving challenges (AMAOS)
‘61 : Formulate a systematic approach to solving mathematical difficulties
(AMRO1)
/N Identify alternative methodologies used to solve mathematical
S O2 problems (AMRO2)
‘0= : Determine the next action to solve a mathemartical problem (AMRO3)
/ Selecting appropriate problem-solving techniques that will be
o4 implemented effectively (AMRO4)
o1 : Individual assessment of the abilities and limitations of the thinking
process and its results (AMEO1)
oz : Effectiveness of the problem-solving strategy chosen by the individual
(AMEOZ2)
o3 : Evaluation of the answers or final results given by the individual
(AMEO3)
oa : Assessment of difficulties encountered when completing mathematics
problem assignments (AMEO4)
o5 s Individual self-assessment of their problem-solving abilities (AMEOS)
: Direction indicating the occurrence of wvariation in participant R1‘s
metacognitive activities
— : Direction indicating the occurrence of variation in participant R2's
metacognitive activities
. Direction indicating the occurrence of wvariation in participant R3's
metacognitive activities
- : Direction indicating the occurrence of variation in participant R4's
metacognitive activities

Figure 1. Meaning of symbols in metacognitive activities
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In addition, the research employed the think-aloud method. This method involves
prospective mathematics teachers verbalising their thoughts while completing problem-
solving tasks, expressing 'what comes to mind' (van Someren et al., 1994). Unstructured
interviews were also conducted to unveil information not captured by previous data
collection methods.

The interview questions focused on three components of metacognitive activity, as
shown in Table 2. The interviews were conducted after the analysis of problem-solving task
results. The interviews were conducted individually, lasted approximately 30 minutes, and
took place online via WhatsApp video call. The interviews were conducted after analysing
problem-solving task results, and factors such as readiness (physical space and internet
connectivity), participant availability, and overall conditions were considered. The
interviews were conducted after analysing problem-solving task results, and factors such as
readiness (physical space and internet connectivity), participant availability, and overall
conditions were considered. The following criterion followed the procedure for solving
mathematical problems. The results of the problem-solving tasks undertaken by male and
female prospective mathematics teachers are presented in Figures 2 and 3.

Problem Solving Task Results of Male Prospective Mathematics
Teachers

100
a0 84 85
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o|||| ||
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O O

6
5
a
3
2
1

O OO0 0o

Figure 2. Results of mathematics problem-solving tasks
of male prospective mathematics teacher

Figure 2 shows that male prospective mathematics teachers S5, S6, S10, S11, and
S19 meet the first criteria as prospective participants. At the same time, female prospective
mathematics teachers who meet the first criteria are S20 to S25, S34, S37, S38 to S48, and
S58. Furthermore, the determination of participants in each group meets the second criterion.
Based on these considerations, four participants were determined, two from each group,
namely S13 and S18 (male participants) and S22 and S42 (female participants). After the
participants were chosen, they were coded R1 (S22) and R2 (S42) as female participants. At
the same time, R3 (S13) and R4 (S18) were male participants.
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Problem-Solving Task Results of Female Prospective Mathematics
Teachers
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Figure 3. Results of mathematics problem-solving tasks of female
prospective mathematics teacher

2.2. Data Analysis Process

Data analysis in this research involved three stages: data summarization,
presentation, and conclusion drawing (Miles et al., 2014). During the summarisation stage,
the researcher condensed all available data, emphasising key points to transform lengthy
sentences into concise ones. The summarized data resulted from problem-solving tasks,
including written responses and think-aloud recordings. Subsequently, this data was cross-
referenced with interview data to validate accuracy. Collected data, encompassing voice
recordings and interview notes, was transcribed and summarised.

Following data collection, the researcher selected and systematically organised the
information, presenting it as a narrative. Additionally, a flow diagram was employed to
illustrate distinct metacognitive behaviour observed among female and male participants in
teacher education programs. This visual aid aims to enhance understanding of fundamental
differences between observed variations, showcasing practical metacognitive activities in a
structured framework encompassing awareness, regulation, and evaluation stages. The
concluding stage involves drawing insights from information obtained from participants.
Before reaching this final stage, the researcher employed the triangulation method and
considered time to fortify the conclusion's validity. In this study, all qualitative data were
collected and descriptively analysed.

3. RESULT AND DISCUSSION
3.1. Results

This section presents a descriptive overview of the results of data analysis regarding
the changes observed in metacognitive activities, especially awareness, regulation, and
evaluation, in female participants (R1 and R2) and male participants (R3 and R4) when
involved in mathematical model-based learning problem-solving tasks. The metacognitive
processes of each participant are visualised in the flow diagrams in Figures 4, 7, 11, and 13.

Variations in participants R1, R2, R3, and R4 metacognitive activities are presented
in stages. The description of metacognitive activities is based on the results of think-aloud
and interviews.
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3.1.1. Description of variations in metacognitive activities of female participants (R1)

The diversity of metacognitive activities identified by undergraduate participants
started from identifying problems, planning solutions, drawing up plans, and reviewing the
results of solving mathematical problems. The three components of metacognitive activity
are well-identified. However, the variation of activity that is most frequently carried out is
evaluation, while several other metacognitive activity components are only identified in
small numbers. The flowchart of variations in metacognitive activity that occurs is presented

in Figure 4.
()
N
4

6

05 |_o |04 o3| foz| 7 o

8

Figure 4. Flowchart of variations in the metacognitive activity of female participants (R1)

Figure 4 explains the variation of metacognitive activities in Participant R1 when
solving math problems. The circle symbol with code 02 is marked as a component of
awareness metacognitive activity in the second and third sub-indicators (AMAO2 and
AMAQO3). Triangle symbols with codes 02 and 03 are marked as components of regulatory
metacognitive activity with the second and third sub-indicators (AMRO02 and AMRO3).
Square symbols with codes 01, 02, and up to 05 are marked as components of evaluation
metacognitive activity with the first, second, and fifth sub-indicators (AMEO1, AMEO2, up
to AMEO5). The numbers 1 to 9 outside the symbols indicate the order of metacognitive
activities.

Metacognitive awareness activities facilitated with think-aloud techniques for
undergraduate participants provide insight into mathematical knowledge about linear
equations related to given mathematical problems (AMAO02). The participant in this study
used the think-aloud method during metacognitive activities, organising AMRO02 to
articulate their thinking processes. Specifically, they use a problem-solving approach that
involves recognising existing problems by generating examples from already-known
knowledge. Interview excerpts provide evidence that supports the use of think-aloud
activities.

Q : What steps are determined based on the chosen strategy?

R1 : Once a comprehensive understanding of the situation is achieved, assumptions are
made based on the available information. The variable 'x', representing age, is then
identified, and a mathematical model is created. Andre's current age is the same as
Nia's. This relationship is represented by the x-12 mathematical model, where x
represents their age. The mathematical model representing Nia's current age is
symbolised by 36-x, as stated in equation (2) (see Figure 5).
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s (jmur andre yang feumur nja sekaranq Translation :
- ———— — e Andre is the same age as Nia
LS VA O o now
x—12..(1)
: E— — e Nia’s age now
o X 36 — x

¢« Umur celkpranNg

Figure 5. Mathematical model of participant (R1)

Metacognitive evaluation activities (AMEO4) were confirmed by implementing
think-aloud exercises. Participants faced challenges in problem-solving, especially in the
process of converting ordinary phrases into mathematical models. The metacognitive
activities of AMRO3 regulation and AMAO3 awareness were confirmed by implementing
think-aloud activities. During this activity, participants faced challenges in solving problems,
thus encouraging them to strategically determine the following action to solve mathematical
problems, especially by determining the value of the variable x in Figure 6.

Q : What are the reasons for facing challenges in solving this problem?

R1 : The ability to understand a situation hinders my ability to resolve it.

Q : What actions do you propose to address existing problems?

R1 : The initial response to the prompt was contemplation and uncertainty. The next step
involved in the process is balancing equations (1) and (2), determining the value x=24.

UL S —— Translation:
WGl T8 SSReng T UIaE onge e Nia’s age now = Andre's age
e BB R 2T B =V 36 —x=x-—12
SON— - 8, A : 36 +12=x+x
. LA 0, S 48 = 2x

_ L S 48

= T2
) X =249 x =24

Figure 6. Problem-solving process of female participant (R1)

In a comprehensive metacognitive evaluation exercise, R1 determined that the
method effectively solved a mathematical problem while facing challenges in understanding
the problem and harbouring uncertainty regarding the accuracy of the strategy used. In
conclusion, R1 gave an inappropriate response by setting the variable x equal to 24, resulting
in Nia's age being 24 years. The findings mentioned above come from the results of the
think-aloud exercise.

3.1.2. Description of variations in metacognitive activities of female participants (R2)

Even though R2 experiences all types of metacognitive activity, not all aspects of
metacognitive activity occur in a complete and structured manner. It can be concluded that
the metacognitive activity most frequently carried out is evaluation, compared to the other
two aspects, namely awareness and regulation.

Figure 7 shows a flow diagram of variations in metacognitive activities carried out
by R2 participants. From the flow diagram, it can be seen that R2 experienced the same three
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types of metacognitive activities as the other participants. However, the order and frequency
of metacognitive activities carried out by R2 were different from those of other participants.

G G s
1 “7 s
2
02 03
A 3
J ——— - Al
05 |10 | 04 r—4 03 ° 02 | ’01 M

Figure 7. Flowchart of variations in metacognitive activities of female participants (R2)

Figure 7 explains the variation of metacognitive activities in participant R2 while
solving math problems. The circle symbol with code 01 is marked as the awareness
metacognitive activity component of the first sub-indicator (AMAO1), and so on. The
triangle symbol with code 02 is marked as a component of regulation metacognitive activity
with the second sub-indicator (AMRO02) and so on. The square symbol with code 01 is
marked as a component of evaluation metacognitive activity with the first sub-indicator
(AMEO1) and so on. The numbers one until ten outside the symbol indicate the order of
metacognitive activities.

Participant R2 communicated the results of their cognitive processes during the
think-aloud task by understanding terms and facts they were familiar with and asking about
any uncertainties. However, they are reluctant to write it on the answer sheet. Verification
of this metacognitive activity is not proven by think-aloud activity. R2 demonstrated
challenges in understanding the situation at hand, thus using a methodical approach to ensure
strategies were used for problem-solving. This approach involves repeated reading,
identifying pertinent keywords, replacing those keywords with appropriate mathematical
symbols, and converting known information into an appropriate mathematical model. The
following is an excerpt from the interview.

Q : Do you know the extent to which the information provided on this subject is
comprehensive or needs to be more complete?

R2 : 1 did not realise that the problem was difficult to understand, so the information
acquisition was less than optimal.

Q : Do you know the proper method to solve this problem? After carrying out a careful
inspection and repeatedly reading about the existing problems,

R2 : 1 do not set a strategic approach; instead, | consider 'Nia's age' as the independent
variable, denoted by x, and ‘Andre's age' as the dependent variable, denoted by y.
Additionally, | converted regular statements into mathematical expressions (see
Figure 8).

Q : What actions are determined based on the chosen strategy?

R2 : I ascertain the procedures required to solve the problem in this section.
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Translation:
Ma 2 x Nia = x

Andre =
i =y hay Aged isy a noun that
Guni waupaen barn buch yg maniel ar wni {9 fand ASEHE means the same age or
P peer.

x=Yy

Figure 8. Mathematical models presented of female participants (R2)

In the metacognitive evaluation activity AMEO4, R2 participants assessed the
challenges experienced when solving mathematical problems. R2 confirmed that he did not
encounter any obstacles during the problem-resolution procedure. In metacognitive activity
AMRO03, R2 determines other actions that will be used to solve mathematical problems by
carrying out analysis based on the information presented. The think-aloud results were not
confirmed, but information was obtained from interviews.

Q : What strategies can guide the problem-solving process effectively and mitigate
potential challenges?

R2 : 1 see no significant challenges in this matter because | have read a lot and obtained
relevant information about the problem-solving process.

Q : What is your problem-solving process?

R2 : I carried out an analysis of the problem, where the word ‘age" is a noun that means the
same age or the same age so that the sentence 'Andre was now that old when Nia was
12 years old' can be made into a mathematical model, namely x=y. | use the '=" sign
because it corresponds to the meaning of ‘lifelong’, which means Andre and Nia are
the same age (see Figure 9).

Translation:
Pada Saat X =12 +ahun maea Y Juga |4 tahun when x = 12 years old then

N ¢ tahun =12 years
Pada Saat Y = 3¢ tahum maka X Juga 3 y

‘ When'y = 36 years old then
Umur nia (ckamnj lalah 36 tahun X = 36 years

Nia’s age now 36 years old

Figure 9. Problem-solving process of female participant (R2)

Confirmation of the AMAO3 metacognitive activity was not achieved by
implementing the think-aloud activity. R2 participant needs more awareness regarding the
results of their decision-making process in choosing appropriate problem-solving
techniques, as evidenced by the findings obtained through interviews. R2 has limited
knowledge of identifying keywords to develop mathematical models. This investigation
aimed to assess metacognitive activity. R2 participant indicated that he evaluated his ability
to answer mathematical problems by stating, "Yes...I was able to solve it" while thinking
aloud. The incorporation of interview activities enhances the efficacy of think-aloud.
Verification of this metacognitive activity is not carried out during think-aloud activities.
However, throughout the interview, it was confirmed that R2 lacked awareness of the
relevant mathematical information about the situation. As a result, R2 does not articulate any
knowledge relevant to the topic at hand. R2 concluded that this method was efficacious
during a comprehensive metacognitive evaluation exercise. However, R2 expressed
uncertainty regarding the suitability of the final solution obtained by applying the above
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technique. Even though they did not encounter any challenges, R2 solved these problems.
The following is a short excerpt from the interview.

Q : Are you aware of the results associated with independent thinking when selecting
problem-solving strategies?

R2 : Upon further reflection, I realised that naming ‘keywords' facilitated the construction
of mathematical models more efficiently.

Q : How can you build confidence in your ability to solve problems?

R2 : I can successfully solve existing problems until the desired results are achieved.

Q : From your point of view, what mathematical knowledge is relevant to the subject?

R2 : 1 am not sure and have not considered this.

Q :Why?

R2 : My approach primarily focuses on analysing problems and building connections
based only on logical reasoning.

Q : What is the reason behind assuming this technique is efficacious but still uncertain
regarding the final solution?

R2 : Even though I did not encounter significant challenges in solving the problem, I still
determined the final solution because | was dissatisfied with the answers given.

Figure 10 shows flowcharts of metacognitive activities carried out by R1 and R2
when solving mathematical problems based on mathematical modelling. Even though the
metacognitive activities carried out by R1 and R2 are not significantly different regarding
awareness, regulation, and evaluation, the variations in metacognitive activities are different
in the aspects carried out.

l'v)
o4}

10| 9

05 [ 04 | 03

R, & R, R, & R, R, & R, R,

6

o

Figure 10. Flowchart of overall metacognitive activity variations in female participants

3.1.3. Description of variations in metacognitive activities of male participants (R3)

From the activities carried out, it can be concluded that R3 experiences all types of
metacognitive activities. However, the activity most frequently carried out is evaluation,
followed by awareness, and finally, regulation. A flowchart of variations in R3 participant
metacognitive activities is presented in Figure 11.
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Figure 11. Flowchart of variations in metacognitive activities of male participants (R3)

Figure 11 explains the variation of metacognitive activities in participant R3 while
solving math problems. Circle symbols with codes (01, 02, and 03) are marked as
components of awareness metacognitive activity from each sub-indicator (AMAO1,
AMAO02, and AMAO03) (see Table 2). Triangular symbols with codes 04 and 03 are marked
as components of regulatory metacognitive activity with the fourth and third sub-indicators
(AMRO04 and AMRO03). Square symbols with codes 03, 04, and 05 are marked as components
of evaluation metacognitive activity with the third, fourth, and fifth sub-indicators (AMEOQ3,
AMEO04, and AMEO5). The process of metacognitive activity occurs in 8 stages.

In metacognitive awareness activities, R3 can understand all lexical units, including
familiar and unfamiliar terms, and any relevant knowledge communicated explicitly. This
understanding is facilitated through think-aloud exercises when individuals articulate their
thoughts and reflections in response to specific questions. However, these activities were not
documented on the answer sheet. To understand existing problems, R3 carried out difficulty
readings repeatedly over a long period. This phenomenon has significant implications for
the cultivation of cognitive awareness. R3 needs to gain awareness of the adequacy or
completeness of the information it presents. Interviews, not think-aloud protocols, validate
these activities. During metacognitive activities (AMAO02), it was seen that R3 showed a
lack of awareness of the results of their cognitive processes regarding mathematical
problems. R3 is less confident when discussing questions; this shows that they are doubtful
about its connection to algebraic concepts, namely linear equations. During metacognitive
activities (AMAO02), it was seen that R3 showed a lack of awareness of the results of their
cognitive processes regarding mathematical problems. R3 is less confident when discussing
questions; this shows that they are doubtful about its connection to algebraic concepts,
namely linear equations. Verification of this exercise is not done through the think-aloud
method but through interviews.

Q : Do you know the adequacy of the information provided in dealing with this problem,
whether it is insufficient, sufficient, or lacking?

R3 : I should have recognised and reflected on this aspect because it took much time to
understand the meaning of each phrase.

Q : How much time do you use?

R3 : I read the questions repeatedly for about 10 to 15 minutes.

Q : What mathematical knowledge do you think is relevant to the subject?
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R3 : The algebra content could include linear equations, although, at that time, I did not
consider that possibility.

Q : What prompted you to consider algebra content?

R3 : The math problem instructions require a mathematical model including variables,
such as x and y, representing Nia and Andre's ages.

Q : Do you know the results of the independent cognitive process when choosing a
problem-solving approach?

R3 : Upon reflection, | realised that defining 'keywords' facilitates the construction of a
mathematical model for a particular situation.

Participant R3 voiced uncertainty in choosing the proper problem-solving method
during think-aloud activities. R3 explains the understanding gained from the problems
encountered by illustrating examples of phrases that can be included in a mathematical
framework. As confirmed by the think-aloud exercise, AMRO3's regulatory activity in R3
indicates a high confidence level in aligning the solution and the chosen strategy. R3
determined Nia's age by applying an elimination approach and analysing the given equation.
The following section presents the results of the interviews.

Q : What factors contribute to the expression of uncertainty when selecting and
determining appropriate problem-solving strategies?

R3 : The need for a clear plan adds to my perception that there is no definite solution to the
problem. | repeatedly reviewed the statements to understand each one.

Q : What actions are taken to understand each of these statements?

R3 : Created an illustrative example and formulated a mathematical model based on my
understanding.

Q : How can you ensure the solutions implemented are aligned with the existing problems?

R3 : 1 followed the steps specified. After that, | used the elimination method (eliminating
the variable x) to determine the value of n. Then, substitute the value n=12 into the
equation x — 12 = n. Then | substituted the n value into equation 36 — x = n, and the
result matched, namely x = 24. So, it can be concluded that Nia's current age is 24
years (see Figure 12).

- o o - Translation:

J)  eisal umur mie Sekarang = X et us suppose that the age of Nia is
T x -—a=n O ] now

e = % ~B % @ x—12=n..(1)

24 = 2n 36 —x=n..(2)

- n=2 _ Substitute n = 12 into the first equation
T - - x—12=12
Vgu,fbsnwh? n =12 ke Ppermmoan |\ . x — 12 + 12 — 12 + 12

* - 12= 12 o _
T X o242 = \T&\T ._X—24
— = Therefore, Nia is now 24 years old.
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Figure 12. Problem-solving process of participants (R3)

Assessment of overall metacognitive activity is demonstrated through the
implementation of think-aloud exercises. R3 has a self-perception of competence in solving
mathematical problems and facing challenges in understanding and interpreting the meaning
of individual terms. R3 also expressed uncertainty regarding the results due to doubts
regarding the chosen problem-solving technique. R3 demonstrated a confident approach to
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overcoming adversity, responding to doubts regarding its accuracy. The solution provided

shows that the value of x is equal to 24, thus implying that Nia's current age is 24 years (see

Figure 12). The response given by R3 needs to be more accurate. Below are excerpts from

the interview.

Q : What factors contributed to your challenges in understanding the issues presented?

R3 : The complexity of the vocabulary and sentence structures used in the text requires a
long time to solve the problem effectively.

3.1.4. Description of variations in metacognitive activities of male participants (R4)

An explanation of the metacognitive actions carried out by participant R4 is also
provided, considering the sequential changes that occurred. Figure 13 shows the flow of
variations in metacognitive activities carried out by participant R4 when solving
mathematical problems. It can be concluded that the activities most frequently carried out
by R4 are awareness, evaluation, and regulation.

Figure 13. Flowchart of variations in the metacognitive activity of male participants (R4)

Variations in metacognitive activities in participant R4 while solving mathematical
problems focused more on awareness of metacognitive activities with sub-indicators
AMAO1, AMA02, AMA04, and AMAO5 (see Figure 13). While regulatory metacognitive
activities only occur in sub-indicators AMR04 and AMRO03. Similarly, evaluation
metacognitive activity occurs only in sub-indicators AMEO4, AMEQO1, and AMEO5. The
process of metacognitive activity has nine stages, marked with black arrows.

Metacognitive awareness activities (AMAO1) indicated that R4 comprehensively
understood the vocabulary and content presented, as evidenced by their articulate
verbalisations during the think-aloud exercise. R4 engaged in repeated reading with
difficulty understanding issues given in less than 10 minutes. According to R4, the material
provided is highly complex, so it isn't easy to understand each statement. During AMAQ2's
metacognitive activities, he became aware that the results of his cognitive processes were
related to mathematical knowledge applied to the given challenges. According to R4,
knowledge about problems can be represented by linear equations, a finding confirmed
through think-aloud activities. Identification of metacognitive activity in AMAO3 does not
occur through think-aloud exercises. R4 needs to be made aware of the results of his
cognitive processes when considering the steps necessary to overcome these challenges. The
quotes provided relate to the interview.
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Q : Are you aware of the results obtained from your cognitive processes when thinking
about the steps required to solve a math problem?

R4 : 1 need more awareness or understanding about something. My first goal is to
concentrate on understanding the given problem.

Confirmation of regulatory metacognitive action of AMRO04 has not been
demonstrated. During the interview, R4 revealed their approach to solving this problem
using a number line, as depicted in Figure 14. Based on the information provided, it appears
that R4 uses a problem-solving approach involving a number line. AMEO4 metacognitive
evaluation activities were verified by carrying out think-aloud activities. R4 experienced
quite significant challenges in solving mathematical problems. Metacognitive processes are
carried out by participant R4, which was validated by applying the think-aloud protocol. R4
uses a systematic approach to determine the following actions for problem-solving. This
involves carefully reading and understanding the problem statement, establishing
connections between the information obtained and the concept of linear equations, using
visual aids as a number line to explain the appropriate mathematical model, and ultimately
solving the problem. The above excerpt presents a segment of the interview.

Q : Can you justify the compatibility of a solution using a number line with the given
problem?

R4 : Indeed, the use of the number line is quite understandable.

Q : Explain the procedural steps in presenting a number line to build a mathematical
model.

R4 : Initially, I drew two number lines. The first number in the line illustrates that at one
point, Nia's current age was equivalent to Andre's when he became Nia's current age.
This proposition is represented by variables A (Andre), N (Nia), and x (age distance
between Andre and Nia) (see Figure 14).

— = Translation:
. A T 12 +3x = 36
e " > S —————— 3x =24
N ~ N
e x=28
= AR s N =12 + 8 = 20 years
2 ; e
D P -sc o N =128 = 20 dohwe
B 2424
7 :8_7_”7 i e

Figure 14. Problem-solving process of male participants (R4)

Metacognitive activity AMAOQ5 was verified. R4 achieved the results of his cognitive
process in completing the challenge. R4 realised that using a number line would result in
more convincing problem-solving despite facing challenges during the problem-solving
attempt. Confirmation of metacognitive activities in the overall evaluation was achieved
through the use of think-aloud activities. It was found that R4 could evaluate his aptitude in
solving the mathematical problems offered despite the uncertainty. However, R4 revealed a
degree of uncertainty regarding the final solution provided for a particular situation. Based
on the data presented in Figure 14, it can be concluded that the response given by R4 is
accurate, meaning that Nia's current age is 20 years.
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Q : Isyour approach to solving math problems accurate?

R4 : I am still determining but realise the problem can be solved using a number line.

Q : What is the reason for your uncertainty regarding the final response given?

R4 : Due to my limited understanding of the problem, I am still determining the accuracy
of my solution, which indicates that Nia's current age is 20 years old.

The differences in variations in the metacognitive activity of male participants R3
and R4 are presented in a flowchart in Figure 15. The metacognitive awareness activity
between the two occurs complexly, only differing in the variations. So, the sequence of
metacognitive activities identified most frequently and rarely by male participants is
awareness, evaluation, and regulation.

R; &R, R, & R, Ry 31 R, R3
1= 2
01 [ 02 (03 @ 05 )—
Ry & R, Rz &R, 71‘
4 i
03 - 04\
of | ts 1
R &R, R, 45 N R,
0S5 04 03 01 g
——
9

Figure 15. Flowchart of overall metacognitive activity variations in male participants

3.2. Discussion

This case study data analysis answers research questions by finding hypotheses
related to the study of metacognitive activities of alertness, regulation, and evaluation. The
findings of this research reveal that variations in the metacognitive activities of prospective
teachers in solving problems based on mathematical modelling are different between females
and males. Al Shabibi and Alkharusi (2018) and Wallace et al. (2021) show significant
differences between female and male students' understanding and metacognitive skills.

The metacognitive activities that occurred in female participants varied. However,
each female participant experienced a different variety of awareness activities. The results
of identifying variations in metacognitive awareness activities are 'what is known about the
problem-solving task’, ‘the strategy to be used’, and 'expressing relevant knowledge'.

Female participants are good at identifying problems so they can determine the
strategy that will be used to solve the problem. Participants could connect their mathematical
understanding with the issues presented, even though they could have been more precise in
delivering the mathematical model. Participants must know whether they made a mistake in
identifying related concepts, called metacognitive stagnation (Alifiani & Faradiba, 2021).
Female participants are more results-oriented. So that other aspects of metacognitive
awareness activities are not identified in a complex manner. The findings of this research are
different from the results of research by Yurt (2022), which revealed that female students
have more active skills in choosing strategies at the metacognitive level of understanding.
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The variations in metacognitive activities showed that female participants carried out
metacognitive regulatory activities that were simple enough. Metacognitive regulatory
activities identified were only in 'determining other strategies to use' and determining the
following action. Previous research findings state that metacognitive regulation is a guide
when evaluating interventions carried out to encourage the occurrence of specific regulatory
skills (De Backer et al., 2016). Furthermore, the evaluation metacognitive activity aspect
‘assessing the difficulties faced' was identified when female participants before the
regulatory metacognitive activity 'determining the next action' occurred. This shows that
some evaluation activities occur at the beginning, while evaluation activities in other aspects
occur systematically in the problem-solving process. The overall variety of metacognitive
activities that occur are simple and structured.

Apart from that, male participants' metacognitive activities also varied when solving
mathematical problems. However, the variations identified were more complex in the
metacognitive activities of consciousness than in other activities. Metacognitive regulatory
activities were only identified in 'determining the next action to solve the problem' and
choosing a 'problem-solving strategy' (see Figure 15). Meanwhile, the overall evaluation of
metacognitive activities was partially identified, but there were different variations between
male participants and each other (see Figure 15).

Male participant's metacognitive awareness activities were well identified.
Participants understand the problem well and connect the knowledge they have by using the
right strategy. Male participants have good representational skills in modelling the issues
presented. This finding aligns with research by Ramlah et al. (2023) that male students have
good representation skills in identifying mathematical problems. Modelling activities are
essential in developing metacognitive thinking (Kandemir & Karadeniz, 2021). In other
words, metacognitive awareness activities are critical because they impact the results of
solving problems based on mathematical models. Metacognitive awareness relates to
activities that help people control their thoughts and learning (Muhali et al., 2019).

The difference in variations in metacognitive activities between the two is that female
participants are more complex and structured in evaluation activities. In contrast, male
participants are more complicated and structured in awareness activities (Figures 10 and 15).
More variations in metacognitive activities were identified among female participants than
male participants. Female students tend to be more careful in metacognitive activities and
identifying errors when solving problems Yurt (2022). The similarity is that they have
weaknesses in the regulatory aspect of metacognitive activities.

Metacognitive awareness activities are the primary determinant of a person's success
in learning (Abdelrahman, 2020). Metacognitive awareness is related to activities that can
help people control their thinking (Muhali et al., 2019). Metacognitive awareness activities
among female participants were less identified in think-aloud activities. Female participants
needed to be more optimal in metacognitive awareness activities and estimated results less
precisely than male participants. Participants did not recognise mindfulness as a
metacognitive activity. This finding aligns with research by Magiera and Zawojewski
(2011), which revealed that participants underreported awareness in think-aloud because
they did not have competent knowledge about metacognition (Temur et al., 2019). The lack
of metacognitive awareness activities by female participants in solving mathematical
problems based on mathematical models impacts the final decisions that need to be more
precise (McCabe, 2011; Viseu et al., 2020).

Other findings reveal that male students have better metacognitive skills than female
students. Meanwhile, other findings reveal that female students have better metacognitive
skills and are careful in planning, monitoring, and evaluating strategies (Yurt, 2022).
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In general, it can be concluded that female participants carry out more varied
metacognitive activities than male participants, but all participants have a variety of
unstructured metacognitive activities. These differences may occur due to various factors,
such as differences in situations faced, orientation towards tasks, learning strategies, learning
experiences, and mathematical abilities. This is reinforced by previous research findings,
which state that variations in metacognitive activities can be complex and structured based
on situations, such as metacognitive reflection, discussion between students, teacher support,
and emotional support (Rahman et al., 2010). Different variations in metacognitive activity
were identified among these factors due to differences in comprehension abilities,
mathematical representation, and orientation toward tasks.

In carrying out metacognitive activities to solve problems using mathematical
models, students need to integrate the mathematical knowledge they have learned with their
metacognitive abilities to produce reasonable solutions. One of the problems faced by
prospective teacher students in solving mathematics problems is the need for metacognitive
activities. Metacognitive activities that could be more optimal can help students understand
mathematical problems and find the right strategy to solve these problems. The
metacognitive activities are influenced by a person's thinking characteristics (Wilson &
Clarke, 2004). Metacognitive considerations influence a person's finding a solution to a
problem (Erkan & Kar, 2022). This can hinder their ability to solve problems. Additionally,
other research reveals that pre-service teachers need help identifying difficulties with math
problems when planning appropriate solutions (Hiebert & Wearne, 1996). This shows the
need for more effectiveness of metacognitive activities in solving mathematical problems.
Thus, student teachers need to increase their metacognitive activities in solving
mathematical problems based on mathematical models to overcome these problems and train
their abilities in teaching mathematics in the future. They must also be ready to understand
teaching and design suitable mathematical modelling tasks.

The similarity of the results of this research with research conducted by Wilson and
Clarke (2004) and Whitebread et al. (2007) is that more metacognitive activities are
identified during problem-solving, namely evaluation followed by regulation and then
awareness. Other research discusses students' metacognitive behaviour in solving
mathematical modelling problems (Hidayat et al., 2018; Hidayat et al., 2020).

The findings of this research fill the gap in the study of Hastuti et al. (2016) and
Panjaitan (2016), which only describe shifts in metacognitive activity and variations in
metacognitive evaluation that occur during group discussion activities to solve mathematical
problems, so they have not comprehensively explored the variations in metacognitive
activity that happen in each individual. This means that variations can see differences in
metacognitive activity, while shifts only see changes in activity that occur. Variations in
non-complex and structured metacognitive activities can be reduced through situations
according to the type of problem, metacognitive abilities, and so on. Applying a learning
model or approach can reduce variation in metacognitive activities and success in solving
problems. Another difference in this research is the type of mathematics problems presented.
Where previous research has yet to emphasise problems that require mathematical modelling
to solve them. The findings of prior research, which examined the metacognition of
prospective cognitive-style mathematics teachers, stated that there needed to be more
variation in metacognitive activities at each problem-solving step. Variations in
metacognitive activities were only identified when evaluating metacognitive activities
(Panjaitan, 2016).
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4. CONCLUSION

The main focus of this research is to report and specifically describe variations in the
metacognitive activities of prospective mathematics teachers based on gender when solving
mathematical problems using mathematical modelling. Previous research only reported
metacognitive abilities, metacognitive skills, students' metacognitive strategies in solving
mathematical and other issues, metacognitive activities in solving problems in general,
variations in metacognitive activities in the evaluation aspect, and shifts in metacognitive
activities that occurred during discussion activities to solve a problem.

To these conditions, a more specific study is needed regarding variations in
metacognitive activities in solving problems based on mathematical modelling as a
breakthrough to add to and complement more specific literature studies than before. They
are exploring variations in metacognitive activities for awareness, regulation, and evaluation
of prospective mathematics teachers based on gender. In essence, there are differences in
variations in metacognitive activities between female and male prospective teacher students,
identified explicitly through the mathematical modelling-based problem-solving tasks.

This research shows variations in the metacognitive activities of female and male
prospective teacher students in the awareness and evaluation components, which are
influenced by differences in mathematical understanding, mathematical representation, and
orientation towards a task. Awareness of metacognitive activities determines the success or
failure of prospective teachers in obtaining solutions to mathematical modelling problems
and is the first aspect of metacognitive activities.
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