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DEVELOPING A METACOGNITIVE TEACHING MODEL FOR
PROBLEM SOLVING IN MIDDLE SCHOOL MATHEMATICS

Yin Mon Aung! and Naing Naing Thein?

Abstract

The main purpose of this study is to investigate the effectiveness of the metacognitive teaching
model for teaching mathematics at the middle school level in Myanmar. In this study, a mix-methods
(QUAN —> qual) design was adopted. Quasi-Experimental design was adopted to collect the
quantitative data and case study design was applied to collect the qualitative data. It was started in
the first week of November 2021 and ended in the second week of January 2022. The study was
geographically restricted to Yangon Region and a total of (258) Grade six students participated. A
pretest, a posttest, a metacognitive skills inventory questionnaire, and an observation checklist were
used as the research instruments. The pretest and posttest data were analyzed through one-way
ANCOVA and it was found that there were significant differences in the mathematics achievement
on posttest between the experimental and control groups in all selected schools. Students’ responses
to the metacognitive skills inventory questionnaire were analyzed through Wilcoxon Signed Rank
Test and the results showed that there were significant differences in metacognitive skills of
experimental group students before and after the treatment. Students’ problem solving behaviors
were analyzed through the think-aloud protocol analysis method and it was found that almost all
students exhibited both cognitive and metacognitive behavior. Additionally, qualitative findings
supported the quantitative findings. Therefore, the research findings proved that the proposed
metacognitive teaching model has a positive contribution to teaching problem solving at the middle
school level in Myanmar.
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Metacognitive Skills.

Introduction

In today’s world, the exponential growth of technology expects such kinds of individuals
who can apply mathematical knowledge to solve ill-defined problems. Since the 1980s, the studies
conducted on mathematical problem solving have emphasized if students are capable of monitoring
their thinking process while solving problems and the term metacognition has been recognized as a

key factor in problem solving (Ken, Clements, & Ellerton, 1996).

Purposes of the Study

The main purpose of this study is to investigate the effectiveness of the metacognitive

teaching model for teaching mathematics at the middle school level in Myanmar.

The specific objectives of the study are as follows:

1.

To study the effects of the metacognitive teaching model on the achievement of students in

mathematics.

To investigate the effects of the metacognitive teaching model on the metacognitive skills

of students concerning mathematical problem solving.

To explore the problem solving behaviors of students while solving mathematics problems.
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2 Curriculum and Methodology Department, Yangon University of Education.
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Research Questions
1. Is there a significant difference in the achievement of mathematics between students who
receive the metacognitive teaching and those who do not receive it?
2. Is there a significant difference in the metacognitive skills of the experimental groups
concerning mathematical problem solving before and after the treatment?
3. Which behaviors do students exhibit while solving mathematics problems?

Scope of the Study

This study is geographically limited to Yangon Region. Participants in this study are Grade
six students from the selected schools in (2021-2022) Academic Year. The duration of the
treatment period is limited to eight weeks timeframe. The lesson contents are limited to six content
areas prescribed in Grade six mathematics textbook volume I and II.

Definition of Key Terms

Metacognition. Metacognition refers to thinking about thinking, and its main function is to plan,
direct, control, examine, and evaluate all cognitive thinking processes; covering critical and
creative thinking; to make appropriate decisions to solve a problem (Sang, 2003).

Teaching model. A teaching model is an overall plan or pattern to learn specific kinds of
knowledge, attitudes, and skills. It has a theoretical basis or philosophy behind it and encompasses
specific teaching steps designed to accomplish desired educational outcomes (Joyce & Weil, 1972,
cited in Arends, 2007).

Problem solving. Problem solving is a multiple steps process where the problem solver must find
relationships between the past experience (schema) and the problem at hand and then guide
thinking directed towards the successful solution of a problem (Mayer, 1980).

Achievement in mathematics. Achievement in mathematics refers to the student’s scores on the
posttest which is developed based on the five process skills of mathematics described by the
National Council of Teachers of Mathematics (NCTM) in April 2000.

Metacognitive skills. Metacognitive skills refer to concrete metacognitive activities that occur at
the onset of task performance (orientation), during task performance (planning, monitoring,
evaluation), and at the end of task performance (reflection and elaboration) (Steal, Veenman,
Deelen, & Haenen, 2010).

Statement of the Problem

One of the problems encountered by Myanmar students while doing problem solving is that
they focus on getting the answer and if the answer is right, they do not check, evaluate, and reflect
on the whole process and move to the next problem. Sometimes, if the answer is right by chance
and the steps of the solution are wrong, that will lead to underachievement. Another problem stated
by Hardman, Stoff, Aung, and Elliott (2014) is the guided co-construction of knowledge in which a
teacher guides students’ cognition and creates opportunities for collaborative learning to promote
critical thinking and problem solving skills is rarely observed in mathematics classrooms.

Significance of the Study

Research findings point out that teaching problem solving through metacognition promotes
students to be self-directed learners who are self-reliant to seek the solution to any kind of problem
(Zimmerman, 2000). Metacognition and problem solving are interconnected and teaching problem
solving through metacognition results in better achievement in problem solving. However, there is
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no practice in Myanmar to confirm the theory and advocate the previous research findings.
Therefore, mathematics education in Myanmar needs a new contribution that considers
metacognition such as planning how to approach a given learning task, monitoring the progress,
evaluating the result, and reflecting on the completion of the whole task for developing students’
achievement and metacognitive skills in mathematical problem solving.

Review of Related Literature

Philosophical (Theoretical) Considerations

Progressivism places more emphasis on the process of learning than on the result.
Mathematical problem solving involves reflection in action and reflection on action and these two
concepts are closely related to metacognition (Schon, 1983). Cognitivism views that metacognition
and problem solving are interrelated and these are the complex higher-order thinking in the human
learning process. Metacognitive knowledge about problems and strategies, and the skills of
planning, monitoring, and evaluation are essential for successful problem solving (Gredler, 2001).
Constructivism also views learners as self-regulated and active participants in their learning
(Churchill et al., 2013). Self-regulation also requires metacognitive mediators such as planning,
monitoring, and evaluating (Schunk, 2012).

Psychological Considerations

Gestalt theorists pointed out that the process of problem solving is based on the whole and
the part relationship. They described that mathematics teachers should encourage both reproductive
and productive thinking in the mathematics classroom with the caution of giving ready-made steps
(Katona, 1940, cited in Moslehpour, 1995). Bruner (1964, cited in Gredler, 2001) said that
mathematical problem solving will be more effective and simpler by using symbols to represent
abstract concepts and think-aloud strategy can be used effectively in teaching students what and
how to think about mathematical problem solving.

According to Piaget’s developmental stages, Grade six students fall into the formal
operation stage and metacognition begins to develop during this stage and further in life (Flavell,
1977, cited in Tarricone, 2011). Besides, VVygotsky (1978) pointed out that students should be able
to control their cognition with the help of inner speech, through the process of internalization. To
reach this stage, they have to experience first the stage of egocentric speech. Additionally, Bandura
(1977, cited in Gredler, 2001) also stated that cognitive modeling is one of the best strategies for
demonstrating how to regulate cognition in mathematical problem solving and fosters the
development of metacognition.

Conceptualization of Metacognition

The term metacognition appeared around 1975 in the work of cognitive psychologist John
Flavell. Metacognition is a form of cognition, a second-order thinking process that involves active
control over cognitive processes (Devine, 1993). Flavell (1796, cited in Desoete, 2008) described
three major facets of metacognition, namely, metacognitive knowledge, metacognitive experience,
and metacognitive skills. Metacognitive knowledge is knowledge, awareness, and a deeper
understanding of one’s cognitive processes and products (Flavell, 1976, cited in Desoete, 2008).
Metacognitive experience is the conscious reactions and self-judgments regarding personal
performance before, during, and after task execution (Rosenzweig, Krawec, & Montague, 2011).
Metacognitive skills refer to the authentic procedures and strategies used during task execution to
monitor and control one’s cognition (Rosenzweig et al., 2011). Four important metacognitive skills
for mathematical problem solving are (i) prediction, (ii) planning, (iii) monitoring, and (iv)
evaluation skills (Desoete, 2008).
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Prediction (orientation) is the skill that enables students to think about the learning
objectives, proper learning characteristics, available time, and difficulty of a task. Planning skill
makes students think in advance about how, when, and why to obtain their purpose through a
sequence of sub-goals leading to the main goal of the problem. In mathematical problem solving,
planning involves analyzing the problems, retrieving relevant domain-specific knowledge and
skills, exploring the strategies, and arranging the problem solving steps. Monitoring is the self-
regulated control of the thinking process during the solution process. Evaluation skill can be
defined as the reflection that takes place after an event has finished (Brown, 1987, cited in Desoete,
2008). Evaluation skills enable students to assess their performance, compare their task
performance with others, and discover errors within the problem solving process.

Metacognitive knowledge and experiences are constantly interrelated and metacognitive
skills control and monitor the cognitive processes. Thus, mathematical problem solving should be
taught through metacognition to facilitate students’ learning and develop thinking skills.

Theoretical Perspectives on Mathematical Problem Solving

Metacognitive skills in problem solving refer to the knowledge and processes used to guide
the thinking directed towards the successful solution of the problem (McCormic, 2003).
Metacognitive skills help students to define the problem, select an appropriate solution strategy,
monitor the effectiveness of the solution strategy, and identify and overcome obstacles to solving
the problem (Davidson & Sternberg, 1998, cited in McCormic, 2003).

According to Mayer (1998), successful problem solving depends on three components: (i)
skills, (ii) meta-skills, and (iii) will. In these three components, metacognition in the form of meta-
skill is central in problem solving because it monitors and controls the other components. Wilson,
Fernadez, and Hadway (1993) described that problem solving involves exploration, pattern finding,
and mathematical thinking with consideration about teaching how to think as opposed to what to
think or what to do.

Problem solving in mathematics is helpful in the proper development of one’s mental
power. No matter what types of problems are submitted, students who are effective problem
solvers identify the problem, plan the strategy, ask themselves whether they are doing makes sense
or not, adjust their problem solving strategies when necessary, and look back to reflect on the
reasonableness of their solution and their approaches.

Components of the Proposed Metacognitive Teaching Model

The proposed model is based on theoretical concepts of the information processing model,
basic teaching model, psychological cybernetic model, algorithmic model, heuristic/plan generating
model, multiplicity model, and multi-modal model. Additionally, the components of Brown’s
model, general problem solving model, Polya’s problem solving model, and IDEAL problem
solving model were taken into consideration.

The proposed model is composed of six components (see Figurel). The explanations of
each component are presented as follows.

(i) Stimulating/Eliciting domain specific knowledge. Domain specific knowledge is information
that leads action to complete specific tasks. Thus, task-relevant prior knowledge to the student is
elicited at the beginning of the lesson.

(if) Informing learning outcomes. In the second stage, learning outcomes are informed to students

to provide a set of shared expectations between the teacher and the students.
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(iii) Presenting the problem. In the third stage, a word problem from the prescribed textbook is
presented to all students. This stage includes reading aloud, silent reading, and verbalization of the
parts of the problem statement.

(iv) Solving the problem through explicit modeling/think-aloud. This component is based on
social cognitive theory and involves four stages: (i) identifying, (ii) planning, (iii) implementing,
and (iv) evaluating. In each stage of the solution process, the teacher has to do explicit modeling
through think-aloud. Five kinds of metacognitive questions: comprehension question, connection
question, strategic question, checking question, and reflection question are used to demonstrate
what is going on in the teacher’s head and how to monitor and control the thinking process while
solving the problem.

(v) Consolidating in collaborative setting. In this stage, students are formed into heterogeneous
learning group and they have to solve the problems by taking the role of thinker and listener. The
thinkers have to explain their reasoning through verbalizing, while the listeners have to listen,
record, ask questions, and make sure what the thinkers say. A set of metacognitive question cards
are delivered to each group to help students to be aware of and monitor the problem solving phases.

(vi) Evaluating performance and transferring learning. In this stage, students have to solve the
problem independently. They have to do think-aloud about all the steps to monitor and control their
thinking process. Next, they have to do reflective writing.
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Figure 1 Proposed Metacognitive Teaching Model for Problem Solving in Middle School
mathematics
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Research Method
The explanatory sequential (QUAN —> qual), one of the basic mixed methods designs was
adopted in this study.

Quantitative Research Method

Research design. The quasi-experimental research design was adopted for the quantitative study.
The nonequivalent control group pretest/posttest design was adopted to explore the answer to the
research question (1) and the single group pretest/posttest design was adopted to answer the
research question (2).

Subject. Table 1 shows the sample size of the quantitative study.

Table 1 Population and Sample Size for Quantitative Study

No. | District | Township School Population | Sample | Group Sl:ll?d:r]:t
L] e | ok SRy | | ® et
2 West | Mayangone PA%y;?g%EE(SS’Z) 129 58 CE:g ;2
3 | South | Thanlin é%)(z) EEHS, Thanlyin | 7 I
4 North | Mingaladon Ilyﬂ?néi)la?dgr':/lﬁs 2) 144 66 (E;g gg

Total 419 258 258

Note. BEHS = Basic Education High School; BEMS = Basic Education Middle School;
EG = Experimental Group; CG = Control group.

Instruments. The main instruments to collect the data for the quantitative study are a pretest, a
posttest, and a metacognitive skills inventory questionnaire.

Pretest. It was constructed based on Grade five mathematics. There are (30) multiple-choice items
and the total score is (30) marks, and time allocation is (45) minutes.

Posttest. It was developed based on Grade six mathematics textbook volumes I and Il. Test items
were developed according to the five process skills of mathematics. The test consists of two
sections. Section A consists of ten multiple-choice items and section B consists of four short
answer questions (word problems). Time allocation is (1:00) hour, and the total score is (30) marks.

Metacognitive skills inventory questionnaire. The questionnaire is five points Likert scale. Iltems
are categorized into four subscales: (i) identifying, (ii) planning, (iii) monitoring, and (iv)
evaluation. There are eight items for each subscale, and a total of (32) items are included in the
guestionnaire.

Quialitative Research Method

Research design. The instrumental case study (observation) was adopted to get the evidence to
support the quantitative results.
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Subiject. In each school, depending on the result of the pretest scores, experimental group students
were assigned to groups A, B, and C. In each group, a student was elicited by using random
purposive sampling. Thus, a total of (12) students participated in the observation.

Instrument. The main instrument for the qualitative study is the observation checklist.

An observation checklist. It was developed by adapting the framework for cognitive and
metacognitive problem solving behavior (Artzt & Armour-Thoms, 1992). It includes (30) observed
behaviors: (3) cognitive and (22) metacognitive behaviors. The presence or absence of each
behavior is recorded once at every (3) minute intervals and the total length of time for observation
is (30) minutes.

Teaching-Learning Materials

A total of (38) lesson plans were developed based on the four chapters from Grade six
mathematics volume | and two chapters from mathematics volume I11.

Study Procedure

This study was started in the first week of November 2021 and ended in the second week of
January 2022. The duration of the study was taken about eleven weeks.

The pilot study. The pilot study was conducted with (25) Grade six students from No. (2) Basic
Education Middle School, Yankin. During the pilot study, students were taught problem solving
through the stages of the proposed model. They were administered the pretest, posttest, and
metacognitive skills inventory questionnaire. The internal consistency of the pretest was 0.737, the
posttest was 0.752, and the metacognitive skills inventory questionnaire was 0.894 respectively.
The main study. The main study was started in the first week of November 2021 and ended in the
second week of January 2022.

Quantitative study. Before starting the treatment period, the two intact groups from each selected
sample school were randomly assigned as experimental and control groups. Then, a pretest was
administered to both groups. Next, the metacognitive skills inventory questionnaire was
administered only to experimental groups. The duration of treatment was taken about eight weeks
and a total of (30) hours of treatment periods were taken during eight weeks.

During the treatment period, both groups were taught the same lesson contents by the same
mathematics teachers. The instructional difference between the two groups was the experimental
groups were taught problem solving through the metacognitive teaching model and the control
groups were taught problem solving through the formal problem solving instructional procedure.
About three weeks before the end of the study period, experimental groups were administered the
metacognitive skills inventory questionnaire. After the treatment period, the two intact groups were
sat on a posttest.

Quialitative study. About two weeks before the end of the study period, observation was conducted.
To observe and record the cognitive and metacognitive problem solving behaviors, each student
was scheduled for an individual session in a quiet setting. They were facilitated to explore rich
verbal data about reasoning during problem solving. During each of the three-minute intervals, the
problem solving behaviors of each student was observed and video recorded.

Data analysis. The pretest and posttest data were analyzed through one-way ANCOVA, and
students’ responses to the metacognitive skills inventory questionnaire were analyzed through
Wilcoxon Signed Rank Test. The data got from observation were analyzed through think-aloud
protocol analysis.
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Research Findings
Quantitative Research Findings
(i) Findings of Grade Six Students’ Mathematics Basic Knowledge on Pretest
Table 2 shows the findings for mathematics basic knowledge of Grade six students.

Table 2 Results for Pretest Scores of Mathematics Basic Knowledge

School Group N M SD MD F p
Experimental 31 17.96 3.18

S1 1.13 1.06 | .306 (ns
Control 31 16.83 5.19 (ns)
Experimental 29 16.48 4.09

S2 2.83 7.53 .008**
Control 29 13.65 3.74
Experimental 36 16.30 3.35

S3 3.47 | 19.61 | .000***
Control 36 12.83 3.29
Experimental 33 16.69 3.61

S4 2.00 4.94 .029*
Control 33 14.69 3.65

Note. ns = not significant, *p<.05, **p<.01, ***p<.001.

The results in Table 2 show that there were significant differences in entry behavior
between the two groups in S2, S3, and S4. There was no significant difference in entry behavior
between the two groups in S1.

(ii) Findings of Grade Six Students’ Mathematics Achievement on Posttest

Table 3 shows the findings for Grade six students’ mathematics achievement on posttest.

Table 3 One-way ANCOVA and Descriptive Statistics Results for Posttest Score

Tests of Between-Subjects Effects Observed Adjusted

School Mean Mean
Source df F p n2 EG CG EG CG
Pretest 1 2.10 .152(ns) 034

S1 Group 1 24.10 .000*** 300 | 20.59 | 15.29 | 20.49 | 15.39
Error 59
Pretest 1 1.04 .312(ns) .019

S2 Group 1 28.80 .000*** 344 | 1950 | 13.84 | 19.36 | 14.01
Error 55
Pretest 1 11.73 .001** 145

S3 Group 1 31.22 .000*** 312 17.43 | 12.29 | 16.85 | 12.86
Error 69
Pretest 1 13.08 .001** 172

S4 Group 1 49.36 .000*** 440 | 20.50 | 13.66 | 20.08 | 14.08
Error 63

Note. ns = not significant, **p <.01,***p <.001
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The results in Table 3 show that there were significant differences between the two groups
in all selected schools. Although there were significant relationships between the pretest scores
(covariate) and the posttest in S3 and S4, the adjusted mean scores support that the control groups’
mean scores were lower than the experimental groups. Therefore, the proposed model has a better
achievement in mathematics than the formal problem solving instruction.

(iii) Findings of Grade Six Students’ Metacognitive Skills on Problem Solving

Table 4 describes the comparison of the descriptive statistic results for experimental group
students’ responses to each item in the metacognitive skills inventory questionnaire before and after
the treatment. Total of (129) students responded to the questionnaire.

Table 4 Descriptive Statistics Results for Experimental Group Students’ Responses on

Metacognitive Skills Inventory Questionnaire

Identifying Before After
No. Statement M SD M SD
1 | Read aloud the problem statements 314 | 106 | 428 | 0.84
2 | Read the problem statements silently 292 | 110 | 411 | 0.88
3 | Underline the key words 277 | 099 | 402 | 0.84
4 | Explore the kind of the problem 342 | 1.09 | 413 | 0.85
5 | Think in advance the problem difficulty 348 | 125 | 3.90 | 0.89
6 | Decompose the problem statements 248 | 1.00 | 3.85 | 0.87
7 | Notice the presence or absence of information 3.06 | 1.00 | 3.87 | 0.82
8 | Differentiate the relevant and irrelevant information 266 | 085 | 3.66 | 0.78
Planning Before After
No. Statement M SD M SD
9 | Take time to design an action plan 331 | 119 | 398 | 0.85
10 | Collect the relevant materials and equipment 286 | 1.06 | 3.82 | 0.83
11 | Analyze the similarities and differences 353 | 112 | 433 | 0.85
12 | Reflect on concepts, theorems, and laws 3.08 | 1.06 | 397 | 0.78
13 | Take time to select the relevant strategy 3.14 | 113 | 382 | 0.87
14 | Arrange the sequence of steps 2.62 103 | 3.80 | 0.85
15 | Explore the solution of the problem 3.04 | 099 | 388 | 0.87
16 | Check the accuracy of the planning steps 289 | 0.88 | 4.10 | 0.80
Monitoring Before After
No. Statement M SD M SD
17 | Engage coherent and well-structured calculation 3.82 199 (441 |0.82
18 | Keep track of what is going on 2.73 095 |3.88 |0.82
19 | Make sure the operations in each step 3.63 114 (431 |0.78
20 | Examine if any computation step are left or not 3.47 1.09 (413 |0.76
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21 | Monitor the ongoing problem solving process 3.17 114 |387 |0.84
22 | Change the strategy if it does not work out 2.82 131 |386 |0.83
23 | Work slowly in difficult numerical calculations 3.48 114 (411 |0.88
24 | Aware of the mistakes while solving the problem 3.23 1.02 |416 |081

Evaluating Before After
No. Statement M SD M SD
25 | Check the answer and the units 366 | 122 | 446 | 0.77
26 | Check the numbers copied from the given problem 335 | 1.09 | 437 | 0.74
27 | Look back the accuracy of the computation steps 3.06 | 1.01 | 420 | 0.83
28 | Reflect on how the solution was done 295 | 112 | 3.86 | 0.76
29 | Find alternate ways to get the solution 230 | 1.05 | 348 | 0.75
30 | Re-examine the answer and nature of problem 284 | 0.88 | 4.02 | 0.88
31 | Reflect on what went well and what did not go well 276 | 090 | 3.93 | 0.76
32 | Decide how to change weak points 288 | 093 | 422 | 0.77

According to the results of the descriptive statistics described in Table 4, it was found that

the mean scores of each item before the treatment were increased to after the treatment.

Table 5 describes the findings of the experimental group students’ responses to the
metacognitive skills inventory questionnaire before and after the treatment.

Table 5 Wilcoxon Signed Rank Test Results for Experimental Group Students’ Responses on
Metacognitive Skills Inventory Questionnaire

School Pair N M SD Md Z r
Before 31 93.67 12.96 96

S1 -4.86 .000*** .87
After 31 121.16 10.23 121
Before 29 93.82 18.42 89

S2 -4.71 .000*** .87
After 29 135.55 13.46 137
Before 36 108.86 13.18 108

S3 -5.23 .000*** .87
After 36 129.19 13.95 132
Before 33 96.72 13.12 97

S4 -5.01 .000*** .87
After 33 130.06 14.73 128

Note. ***p <.001.

The results in Table 5 point out that there were significant differences in the experimental
group students’ responses to the metacognitive skills inventory questionnaire before and after the

treatment.
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Qualitative Research Findings

(i) Findings of Observation on Problem Solving Behaviors of Student

Table 6 shows the problem solving behaviors of (12) students during an individual session of
(30) minutes of observation.
Table 6 The Overall Structure of the Problem Solving Behaviors of Students

Reading the Problem
S1 |S2 |S3 |S4 |S1 |S2 |S3 |S4 |S1 |S2 |S3 |S4

No. Point to Observe Al |A2 |A3 |A4 |B1 |B2 |B3 |B4 |Cl|C2|C3|C4
% | % |[% [% |[% % | % | % [ % | % | % | %

Read Aloud (C) 20 | 60 | 20 | 40 | 20 | 30 | 60 | 40 | 30 | 20 | 30 | 30

Read Silent (C) 20 | 20 | 20 | 40 | 20 | 40 | 10 | 20 | 20 | 40 | 30 | 20

Underline (C) 10 |20 | 20 | 10 |20 | 20 | 10 | 20 | 20 | 10 | 10 | 20

Understanding the Problem

Explore Type (M) 100|110 |10 20| 20| - 10|10 10| - | 10| 30

Paraphrase (M) 20 | 20 | 30 | 20 | 20 | 20 | 20 | 10 | 20 | 20 | 20 | 20

Drawing (M) 20 | 20 | 20 | 20 | 20 | 20 | 20 | 20 | 10 | 20 | 10 | 20

Analyzing the Problem

Write (M) 30 | 40 | 20 | 20 | 20 | 20 | 30 | 30 | 10 | 30 | 30 | 20
Check Given (M) - |20|20|10| - |10|10] 20| - |10 ] 20| -

Explore Similar (M) 10120 |30 |20 |30 |30 - |30 20| - | 10| 20

10 | Analyze (M) 10 |20 | 20 | 20 | 20 | - - |10 10| - | 20| 20

Planning

11 | Explore Concept (M) 20| 20 | 20 | 30 |40 | 30 |10 | 30 | 10 | 10 | 20 | 20

12 | Select Strategy (M) 30 |20 | 20 | 20 | 20 |10 | 20 |30 | - | 20 | 10 | 10
13 | Collect Tools (M) - |10|10| 20|10 | 10|30 | 20| 20 | 20 | 10 | -
14 | Arrange Steps (M) 50 | 20| - |10 | 20| 10| - | 20 | - 10 | - -

15 | Draft Calculation (M) 40 | 40 | 20 | 20 | 20 | 20 | 30 | 30 | 30 | 30 | 30 | 30
16 | Check Plan (M) - - - - - - - - - - - -

Implementing
17 | Do Calculation (C) 20 | 40 | 30 | 20 | 40 | 30 | 30 | 30 | 30 | 30 | 50 | 40
18 | Slow and Steady (M) 30 | 50 | 60 | 30 | 60 | 50 | 30 | 40 | 60 | 50 | 50 | 20
19 | Verbalize Operations (M) 30|40 |10 20| - |30 |40 40| 10| 20| - | 20
20 | Check Symbols (M) - - - - - - - - - - - -
21 | Check Steps (M) 10 |30 |20 |30 |10 |40 | 20|20 | - | 10 | 30 | 20
22 | Aware Mistake (M) 10 - |10} 20| 20| 10| 10|30 | 10| 20| 10| 20
23 | Revise (M) 10 - 10 | 20 | 20 | 10 | 20 | 10 | 10 | 20 | 20 | 20
24 | Change Strategy (M) - - | 10| - - - | 10| - | 10| - - | 10
Verifying

25 | Write Answer (C) 20 | 30 | 20 | 20 | 20 | 30 | 30 | 30 | 30 | 30 | 40 | 20
26 | Check Answer & Unit (C) 20| 20 | 20 | 20 | 20 | 20 | 20 | 10 | 10 | 20 | 20 | 20

27 | Check Number (C) - |20 20|10 |10|10|10|10| 20| 10| 20| 20
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28 | Check Process (C) 20120 | 20 | 20 | 20 | 10 | 20 | 10 | 20 | 10 | 20 | 10

29 | Reexamine Answer (M) 20 | 20 | - - 2010|220 - | 30| 10| - -

30 | Explore Strategies (M) - - - - - = = - - - - -

Note. C = Cognitive behavior, M = Metacognitive Behavior; Al, A2, A3, and A4 = Group A students; B1, B2, B3, and
B4 = Group B students; C1, C2, C3, and C4 = Group C students

(i) Findings on Cognitive and Metacognitive Problem Solving Behaviors of Students

Table 7 describes the summary of cognitive and metacognitive problem solving behaviors
exhibited by (12) students during an individual session of (30) minutes of observation.

Table 7 Summary of Cognitive and Metacognitive Problem Solving Behaviors

No. Student Cognitive (%) Metacognitive (%) Total (%)
1 Al 7/8 88 16/22 73 23/30 77
2 A2 8/8 100 16/22 73 24/30 80
3 A3 8/8 100 17/22 77 25/30 83
4 Ad 8/8 100 17/22 77 25/30 83
Total/Average 31/32 97 66/88 75 97/120 81

No. Student Cognitive (%) Metacognitive (%) Total (%)
5 B1 8/8 100 16/22 73 24/30 80
6 B2 8/8 100 16/22 73 24/30 80
7 B3 8/8 100 16/22 73 24/30 80
8 B4 8/8 100 17/22 77 25/30 83
Total/Average 32/32 100 65/88 74 97/120 81

No. Student Cognitive (%) Metacognitive (%) Total (%)
9 C1 8/8 100 15/22 68 23/30 77
10 C2 8/8 100 15/22 68 23/30 77
11 C3 8/8 100 15/22 68 23/30 77
12 C4 8/8 100 15/22 68 23/30 77
Total/Average 32/32 100 60/88 68 92/120 77

(i) Findings on Think-Aloud Protocol Analysis

The video recordings of problem solving behaviors of (12) students during individual
sessions of (30) minutes observations were analyzed through think-aloud protocol analysis and the
summary of the findings is presented as follows. According to the think-aloud protocol analysis,
students exhibited:

e (100%) of behaviors under the category for reading the problem;

e (34) out of (36), (94%) of behaviors under the category for understanding the problem;
e (39) out of (48), (81%) of behaviors under the category for analyzing the problem;

o (52) out of (72), (72%) of behaviors under this category for planning;

e (71) out of (96), (74%) of behaviors under the category for implementing the problem;
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e (54) out of (72), (75%) of behaviors under the category for verifying.
e Overall, (4) out of (22), (18.18%) metacognitive behaviors: check plan, check symbols,
change strategy, and explore strategies were not observed apparently.

Discussion

According to one-way ANCOVA results on posttest scores, there were significant
differences in the mathematics achievement on posttest between the two groups in each selected
school. In addition, Wilcoxon Signed Rank Test results revealed that there were significant
differences in the metacognitive skills before and after the treatment in each selected school. The
results support the finding of Mullick-Martinez (2020) who found that students who were taught
problem solving through metacognitive strategies have improvement both in mathematics
achievement and metacognitive awareness. In addition, these findings are consistent with Teong
(2000) who revealed that metacognitive training results in a greater improvement in mathematical
word problem solving of the experimental group than that of the control group. These findings
advocate Kendir and Sahin (2013) who found metacognitive strategies result in a significant
difference in the metacognitive skills of students.

Almost all students in each group exhibited both cognitive and metacognitive behaviors in
each category. Exceptionally, (4) out of (30) behaviors: check plan, check symbols, change
strategy, and explore strategies were not observed apparently in most students. This finding is
consistent with Ericsson and Simon (1993) who reminded that thoughts in normal form can
proceed much more rapidly than speech. When a series of thoughts occurs rapidly, it is impossible
for an individual to directly verbalize each and every thought in that series and these are vocalized
as inner speech. Thus, it can be interpreted that they could perform these behaviors rapidly and
some of their verbalizations seem to correspond to merely vocalizing as inner speech.

Suggestions

In mathematics, problem solving is the heart of the subject and it helps students to tackle
the problems in their lives with confidence. Mathematics teachers should be familiar with
metacognitive strategies and should train their students to develop metacognitive skills: identifying,
planning, monitoring, and evaluating through teaching problem solving. In mathematics, the
heuristic strategies support to the development of metacognition (Biggs & Telfer, 1987). Heuristics
are often discussed in mathematics education at the secondary level, rather than at the primary level
(MoE, 2019). Therefore, mathematics teachers at the middle school level should be familiar with
heuristic strategies. Students should be engaged to assess reflective writings through self-
assessment and peer-assessment. Metacognition could develop through social interaction. Thus,
teachers should create different interaction patterns while teaching problem solving. In the present
study, randomly assigned to the individual student to experimental and control groups was difficult
in real context and a quasi-experimental design was adopted. Thus, a true experimental study
should be conducted to generalize the present findings. More research studies are also needed to
study the development of metacognitive skills across different age groups and/or the correlation
between metacognitive skills and achievement.



204 J. Myanmar Acad. Arts Sci. 2023 Vol. XXI. No.6

Conclusion

According to the findings, the proposed metacognitive teaching model has supported the
students’ achievement in mathematics, and has provided the enhancement of the metacognitive
skills of students concerning problem solving. Therefore, it can be concluded that this study could
provide a reasonable solution for solving the underachievement problem of students in
mathematics due to the lack of control and monitoring of what they are doing. Hopefully, the
present study could contribute to some extent to the improvement of teaching mathematical
problem solving at the middle school level in Myanmar.

Acknowledgements

First and foremost, we would like to express our respectful gratitude to Dr. Khin Zaw (Rector, Yangon
University of Education) and Dr, Htoo Htoo Aung (Retired Pro-Rector, Yangon University of Education) for their
professional guidance and constructive criticism. We would like to express our deepest appreciation to
Dr. Kay Thwe Hlaing (Rector, Yangon University of Education) for permitting to conduct the study. We would like to
express our genuine gratitude to Dr. Khin Aye Myint, Daw Aye Aye Kywe, and Dr. Myo Win (Retired Professors,
Curriculum and Methodology Department, Yangon University of Education) for their pedagogical advice, constructive
suggestions, and extensive knowledge. We also express our deep and sincere gratitude to Dr. Khin Mar Khine
(Professor and Head, Curriculum and Methodology Department, Yangon University of Education) for giving precise
timely instructions and management.

References
Arends, R. I. (2007). Learning to teach (7th ed.). New York: Mc Graw-Hill.

Artzt, A., & Armour-Thomas, E. (1992) Development of a cognitive-metacognitive framework for protocol analysis of
mathematical problem solving in small groups. Cognition and Instruction, 9, 137-175.

Biggs, J. B., & Telfer, R. (1987). The process of learning. New Jersey: Prentice-Hall of Australia.

Churchill, R., Ferguson, P., Godinho, S., Johnson, N.F., Keddle, A., Letts, W.,...Vick, M. (2013). Teaching making a
difference (2 nd ed.). Milton: John Wiley & Sons Ltd.

Desoete, A. (2008). Multi-method assessment of metacognitive skills in elementary school children: How you test is
what you get. Metacognition and Learning, 3, 189-206.

Devine, J. (1993). The role of metacognition in second language reading and writing. In J. G. Carson & I. Leki (Eds.),
Reading in the composition classroom: Second language perspectives (pp. 105-127). Boston: Heinle and
Heinle.

Ericsson, K. A., & Simon, H. A. (1993). Protocol analysis: Verbal reports as data (rev. ed.). Cambridge, MA: MIT
Press.

Gredler, M. E. (2001). Learning and instruction: Theory into practice (4th. ed). New Jersy: Merrill Prentice Hall.

Hardman, F., Stoff, C., Aung, W., & Elliott, L. (2014). Developing pedagogical practices in Myanmar primary schools:
Possibilities and constraints. Asia Pacific journal of Education, (1-21).

Ken, M. A., Clements., & Ellerton, N. F. (1996). Mathematics education research: Past,  present, and future.
UNESCO Principal Regional Office for Asia and the Pacific: Thailand.

Kendir, F., & Sahin, S. M. (2013). The effects of using metacognitive strategies for solving geometry problems on
students achievement and attitude. Journal of Educational Research and Reviews, 8 (19), 1777-1792.

Mayer, R. E. (1980). Technical report series in learning and cognition: Cognitive psychology and mathematical
problem solving. Department of Psychology, University of California.

Mayer, R. E. (1998). Cognitive, metacognitive, and motivational aspects of problem solving. Instructional Science, 26,
49-63.



J. Myanmar Acad. Arts Sci. 2023 Vol. XXI. No.6 205

Mc Cormick, C. B. (2003). Metacognition and learning. In W. M. Reynolds, G. E. Miller, & I. B. Weiner (Eds.),
Handbook of psychology (pp. 79-102). New Jersey: John Wiley & Sons, Inc.

Ministry of Education (MoE). (2019). EDU 1106: Curriculum and pedagogy studies (Mathematics). Student Teacher
Textbook (Year 1, Semester 1). The Government of the Republic of the Union of Myanmar.

Moslehpour, M. (1995). Metacognition and problem solving of college students in technology, engineering,
mathematics, and humanities (Doctoral dissertation). Available from ProQuest Dissertations & Theses
Global (OrderNo.9705643).

Mullick-Martinez, F. (2020). Teaching metacognitive strategies to optimize mathematical problem solving in fourth
grade students (Doctoral dissertation). Available from ProQuest Dissertations & Theses Global
(OrderNo0.28024099).

Rosenzweig, C., Krawec, J., & Montague, M. (2011). Metacognitive strategy use of eight grade students with and
without learning disabilities during mathematical problem solving: A think-aloud analysis. Journal of
learning disabilities, 44 (6), 502-520.

Sang, M. S. (2003). An educational course for K.P.L.1., Theme 2: Student development teaching-learning process &
evaluation. Selangor: Regalia Business Centre.

Schon, D. (1983). The reflective practitioner: How professionals think in action. New York: Basic Books.
Schunk, D. H. (2012). Learning theories: An educational perspective. (6th ed.). Boston: PearsonEducation, Inc.

Steal, M., Veenman, M. V. J., Deelen, K., & Haenen, J. (2010). The increasing role of metacognitive skills in math: a
cross-sectional study from a developmental perspective. ZDM Mathematics Education, 42 (2), 219-229.

Tarricone, P. (2011). The taxonomy of metacognition. New York: Taylor & Francis Group.

Teong, S. K. (2000). The effect of metacognitive training on the mathematical word problem solving of Singapore 11-
12 years olds. (Doctoral dissertation, The University of Leeds School of Education, Singapore). Retrieved
from https://core.ac.uk/download/pdf/43686.pdf

Vygotsky, L. S. (1978). Mind in society: The development of higher psychological processes. London: Harvard
University Press.

Wilson, J. W., Fernandez, M. L., & Hadaway. N. (1993). Mathematical Problem solving. In P. S. Wilson (Ed.),
Research ideas for the classroom: High school mathematics (pp. 57-78). New York, NY: Macmillan.

Zimmerman, B. J. (2000). Attaining self-regulation: A social cognitive perspective. In M.Boekaerts, P. R. Pintrich, &
M. Zeidner (Eds.), Handbook of self-regulation (pp. 13-39).San Diego, CA: Academic Press.



