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ABSTRACT

This study aims to establish the extent to which metacognitive training plays a part in Singapore

primary students' word problem solving in a computer environment. The study involved 142

Singapore 11 to 12-year-old students from two primary schools.

The study adopts a two-phase design, combining a quasi-experimental design and a case study

design. For the quasi-experimental design, analysis of students' mathematical achievement test

data is used to investigate the relationship between metacognitive training, students' level of

mathematical achievement and their mathematical word problem solving performance. For the

case study design, analysis of the think aloud protocol data during word problem solving of eight

pairs of students is used to explore the role of metacognition in mathematical word problem

solving in a computer environment. In addition, student questionnaire and teacher interview data

provide descriptive accounts of students' metacognitive knowledge during mathematical word

problem solving.

The findings from the analysis of mathematical achievement test and think aloud protocol data

reveal that metacognitive training results in improvement in mathematical word problem solving

performance, and that lower achievers appear to show the full benefit from metacognitive training

only after a period of time. The findings of the think aloud protocol data also reveal that i)

generating metacognitive behaviours, and knowing when and how to use them during word

problem solving are important determinants for successful word problem solving, and ii) students

have distinctive progressions of word problem solving activity which can be represented by five

types of cognitive-metacognitive word problem solving models. These progressions of word

problem solving activity seem to relate to students' success in word problem solving. It is also

proposed that there is a relationship between affect, students' ability to develop metacognitive

awareness, and word problem solving. In addition, effective pair collaboration is influenced by

students' mathematical beliefs, and how students are paired according to their metacognitive

knowledge.

The educational and pedagogical implications of these findings are discussed, particularly in

relation to the Singaporean context.
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Chapter One
Introduction

1. Introduction and Summary of Study

This study undertakes to explore and investigate the effect of metacognitive training on

mathematical word problem solving of Singapore 11-12 year olds in a computer

environment. It is hoped that the findings and conclusions of this study may lead to

raising awareness of the role of metacognition in word problem solving and in a

computer environment; and to enable teachers and teacher educators in Singapore to

rethink and re-examine the issue of metacognition along lines of pedagogical enquiry in

mathematics word problem solving in Singapore primary schools.

The intended mathematics curriculum in Singapore, the Revised Mathematics Syllabus

implemented in 1992 (see Appendix A), aims to enable students to develop their ability

in mathematical problem solving (Curriculum Planning Division, 1995), and

metacognition (see Chapter Two, section 2) is identified as one of the attainments of

problem solving ability (see Appendix A). Besides the emphasis of problem solving in

mathematics classrooms, the Information Technology Masterplan in Education (Ministry

of Education, 1998) was launched in 1997 whereby all primary schools need to focus

30% of their curriculum on the use of information technology (IT), basically the

computer, by the year 2002. It appears appropriate that research should focus on

students' metacognition during mathematical problem solving in a computer

environment. In addition, the study is also designed to contribute to the development of

the Thinking programme (Mok, 1997) for the primary school.

There are two main aims in this study. The study aims to investigate the effect of explicit

metacognitive training on upper primary students' mathematical word problem solving

performance. The study also aims to address the role of metacognition in word problem

solving in a computer environment. This phenomenon of the impact of metacognitive

training on students' mathematical word problem solving will be studied in the light of

current literature.
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The overall design of this study is a two-phase design (Lee, 1999) combining, a quasi-

experimental design which is 'scientific' (Robson, 1993, P. 18) in nature and a case study

design which is exploratory-interpretive (Cohen & Manion, 1994, p. 259) in nature. The

study attempts to test hypotheses related to the effect of metacognitive training and

cognitive apprenticeship instruction amongst 142 students across two schools. It also

attempts to explore the phenomenon of 8 pairs of students' use of metacognition in

mathematical word problem solving across the two schools. The main methods of data

collection are mathematical achievement tests in the form of pre-test, post-test and

delayed post-test; think-aloud protocols; student questionnaire; and teacher interview.

The analysis of the mathematical achievement test data is intended to provide some

empirical information on the effect of metacognitive training on students' mathematical

word problem solving performance, and the differential effect of metacognitive training

on students of different mathematical achievement levels. The analysis of the think aloud

protocol data is aimed at exploring the role of students' metacognition during

mathematical word problem solving. The student questionnaire and teacher interview

schedule provide descriptive accounts of students' metacognitive knowledge (see

Chapter Two, section 2) during mathematical word problem solving.

2. Rationale for doing the Study

The research literature as well as my own experience as a mathematics teacher in a

Singapore primary school provide the background for the rationale of this study. The

rationales for this study are set out in the aims as stated in sections 2.1 and 2.2.

2.1 To Investigate the Effect of Metacognitive Training on Students' Mathematical

Word Problem Solving Performance

The Revised Mathematics Syllabus (see Appendix A) was first implemented in Singapore

primary schools in 1992. Since then, guidance in the actual use of metacognition to teach

mathematics has never been made explicit to teachers. Although it is true that many

students develop some metacognitive awareness and engage in some control on their

own, and that most teachers do give students some guidance in regulating their word

problem solving process (e.g. encourage students to check their work), mathematics

instruction is still focused primarily on mathematical content. Wong's (1997) study
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reveals that during problem solving (see Chapter Two, section 3), Singapore students

would focus on verification of solutions but placed less emphasis on the use of

monitoring strategies in planning, executing and orientation. He also notes that

Singapore teachers do not usually introduce metacognition as a topic in their lessons but

subsume the concept of metacognition within the lesson content. As a result,

metacognition during problem solving is not perceived as important since it is not taught

explicitly and the concept of metacognition appears to be lost amongst the more

important subject matter (Wong, 1997). In fact, there is sufficient evidence in Yeap and

Kaur's (1996) study that Singapore students tend to view mathematics as a collection of

tools and algorithms to be used to obtain definite quantitative answers to given word

problems. Most students would also tend to believe that mathematics is an individual

endeavour.

In 1997, the Prime Minister launched 'The Thinking Schools, Learning Nation'

programme where he spelled out his vision to make Singapore a nation which learns all

the time (The Straits Times, 3 June 1997, p. 22). 'Thinking Schools' ensures that

Singapore students are equipped with skills and knowledge; and values and instincts to

face future challenges, while 'Learning Nation' aims to promote a culture of continual

learning beyond the school environment (Ministry of Education, 1998, p. 16).

Fundamentally, this programme is an effort by the Government to improve Singapore's

education system and to prepare Singaporeans for the challenge of the 21 g century. It is

in the recognition that in this information age, the ability to think and to innovate will be

a key factor in sharpening Singapore's competitive edge in the next stage of her

development (Tay-Koay, 1999).

In 1997, three innovative programmes were implemented in the Singapore primary and

secondary schools in order to achieve the goals of 'Thinking Schools, Learning Nation'.

One of them was the Thinking programme, which affected all secondary schools. Its aim

is to help Singapore students become better thinkers and learners (Yee, 1998). One of

the objectives of this programme is to enable students to develop positive habits which

would help them become critical, creative and self-regulated, thinking learners (Yee,

1998). The Singapore Government appears to have recognised and given prominence to
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the explicit teaching of Singapore students' thinking skills, and has set a certain

percentage of the curriculum time devoted to teaching these skills to secondary students.

Teachers have to teach these general thinking skills, based on the Dimensions of

Learning framework (Marzano et al, 1988). Metacognition is identified as one of the

components to become a better thinker. From these general thinking skills lessons,

subject teachers from different subject domains are to elicit specific skills from the

programme and incorporate them into their lessons. For example, in Mathematics, all

mathematics teachers, trained in conducting the Thinking programme, are given a

Mathematics Infusion Package which contains sample lesson plans related to the revised

mathematics syllabus. The lesson plans aim to help students develop mathematical

thinking; develop a better understanding of mathematical concepts; learn problem solving

heuristics explicitly; and apply the acquired mathematical concepts, skills and heuristics

to solve problems (Yee, 1998). As Mok (1997, foreword) remarks:

The skills and processes of thinking (taught in the programme) will help them not only
to learn more proficiently, but also guide them to make important decisions in life, to
solve problems, to respond to circumstances and to exercise judgement responsibly.'

Mayer and Wittrock (1996) posit that the main idea in such thinking programmes is that

with direct instruction in thinking skills (behaviours and thoughts), the problem solver is

influenced in their representation of a problem and the planning and monitoring of

problem solving solutions.

The Thinking programme is not accessible to primary school students yet but I believe

that making young learners become aware of their thinking, especially in metacognition,

is crucial. As an erstwhile mathematics teacher in a primary school, my main concern was

that all my students not only were able to understand what was taught, but was also able

to excel according to their mathematical ability in the Primary School Leaving

Examination or PSLE (see Appendix A). This notion of 'mathematical success' stems

from my belief that the more experience students have of solving different mathematics

word problems, the more experience they would have of using different heuristics which

might help them tackle new word problems. I was diligent not only in preparing different

types of word problems for my students to solve each week, but also in marking them,
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ensuring that the method they used made sense. I was also conscious that my students

needed to understand the heuristics used, so a focus on heuristics was the order of the

day in my lesson planning. However, this 'formula' used to help my students improve in

their mathematical word problem solving performance was more successful for the

higher achievers than the lower achievers. My hypothesis is that higher mathematical

achievers have within themselves a self-regulatory system that enables them to monitor

their word problem solving process. Hence, they are more successful. However, the

lower mathematical achievers are often not conscious of these self-regulatory skills

during word problem solving, hence, they often are unsuccessful. This is not just a 'gut

feeling', but has roots in theoretical backing. Evidence from Schoenfeld (1985) suggests

that compared with an 'expert' problem solver, 'novices' lack essential metacognitive

monitoring, assessing and decision making skills. These, according to Schoenfeld, are

essential elements that determine one's success or failure in problem solving. The present

study also aims to identify the difference between higher and lower mathematical

achievers' metacognitive behaviours. Identifying their differences may help teachers

understand how to assist lower mathematical achievers focus on the processes they lack,

and how to assist higher mathematical achievers become more aware of their already

potentially effective processes so that they know and understand their strengths.

Lesh (1982), Silver (1982) and Schoenfeld (1982) regard metacognitive actions as the

'driving forces' in problem solving, influencing cognitive behaviour at all phases of

problem solving. Some research studies have also reported success in making young

children become more aware of their regulation during problem solving (Clements,

1990). Specifically, there is evidence that students trained in learning to monitor and

control their own cognitive processes for solving mathematics problems do better than

untrained students (Cardella-Elawar, 1992). Studies which have attempted to train

metacognitive strategies in mathematical problem solving tend to focus on college

students (Schoenfeld, 1985) and secondary school students (Mevarech, 1999; Oladunni,

1998; Magsud, 1998) but there are few studies which focus on metacognitive training

with upper primary school students. In addition, although there has been some research

done in identifying the role of metacognition in students' problem solving in the

Singapore context (Yeap, 1997), there remains an existing gap in research on the effect
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of metacognitive training and the role of metacognition in the context of Singapore

primary students' mathematical word problem solving. It is hoped that this study will, in

some measure, fill the research gap in this area where the effect of metacognitive training

on mathematical word problem solving performance and the role of metacognition in

mathematical word problem solving in the context of the Singapore primary mathematics

classroom can be revealed.

2.2 To Explore the Role of Metacognition During Mathematical Word Problem

Solving in a Computer Environment

In 1997, the Masterplan for IT in Education (Ministry of Education, 1998) was also

launched. Its aim is 'to provide a blueprint for the use of IT in schools and access to an

IT-rich school environment for every child' (Ministry of Education, 1998, p. 17). The

target of the Masterplan, to be achieved by the year 2002, is for students to have hands-

on use of computers for 30% of their curriculum time; to provide sufficient computer

facilities in order to attain the ratio of every two students to a computer in the primary

school; and for students in Primary 4 (9-10 years old) and above to get free e-mail

accounts. The Thinking programme has a direct relevance for promoting students'

creativity and thinking and the computer is considered as a useful tool for the

development of these 'high level' skills (Williams, 1999). Of major importance to these

initiatives is the interim measure adopted by the Ministry of Education to provide

teachers with the time that they need to implement these initiatives. The Ministry of

Education, in 1999, embarked on an exercise to reduce the standard curriculum content

by up to 30%. The time that is freed by the content reduction is intended to be used to

infuse thinking skills and incorporate the use of information technology in the classrooms

(Curriculum Planning & Development Division, 1998). Based on the government's move

to implement major initiatives to encourage the use of information technology in the

classroom, it appears critical that research should not only explore the development of

appropriate software to be used in a computer-rich environment, but also explore the

role of teachers and effective pedagogy that can maximise students' learning in such a

powerful learning environment.



7

Looi and Tan (1997) developed a powerful computer learning environment, WordMath,

that is modeled according to the instructional approach of cognitive apprenticeship (see

Chapter Two, section 5.1). It is designed to teach word problem solving to 9-12 year old

students in Singapore primary schools using the model approach (see Appendix B). In

their pilot study, Looi and Tan (1997) conclude that WordMath harnesses the power of

computers to empower the students to learn and explore word problem solving because

it provides multiple instructional modes and stepwise-tutoring of word problem solving.

However, Looi and Tan's (1997) study did not explicitly address how the students'

cognitive skills in the cognitive apprenticeship mode of instruction aided them in their

word problem solving attempts. The present study hopes to delineate the levels of

students' cognition while solving word problems in WordMath environment and address

the role of metacognition in this computer environment.

There have been attempts to employ metacognitive training within computer

environments (Clements, 1990; Mevarech & Kapa,1996; Kramarslci & Mevarech, 1997;

Mevarech, 1999). In these computer environments, different metacognitive training

strategies have been used. Kramerski and Mevarech (1997), and Mevarech and Kapa

(1996) used a problem solving strategy called SOLVE when students were programming

in Logo. SOLVE is the acronym of the problem solving stages suggested by Polya

(1973). King (1994) also designed a guided questioning strategy which functioned as a

metacognitive strategy to help students pay attention to their problem solving process

and monitor their progress. The questions evoke metacognitive processes such as

planning, monitoring and decision making during problem solving. As far as I know, no

major study has been carried out to explore the effect of training students with a

metacognitive strategy and explore the role of primary students' metacognition during

mathematical word problem solving in a computer environment in a Singapore context.

This study is an initial attempt to explicitly train Singapore students with a metacognitive

strategy, and then explore the relationship between the role of metacognition and

mathematical word problem solving in a computer environment. .

In most of the above studies employing metacognitive training within computer

environments, the students were working and discussing their tasks in small groups or in
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pairs. Pine (1991) defined discussion to be purposeful talk on a mathematical subject in

which there are genuine pupil contributions and interaction. Hoyles et al (1991)

identified four interrelated aspects of the potential role of discussion in learning. They are

distancing, conflict, scaffolding and monitoring. Specifically, Hoyles et al (1991) suggest

that the role of monitoring in discussion is significant in the regulation and direction of

the activity of the group. Hence, such talk facilitates metacognition which is the

students' internal self-regulation and reflection upon the state of understanding. For

example, students working in twos or in small groups need to develop plans through the

exchange of ideas; monitor and check each other's actions; to keep track in relation to

the goal of the activity; and finally to explain and convince others in the group. Empirical

research (e.g. Bangert-Drowns, 1993; Kramarski & Mevarech, 1997) and those

mentioned above consistently indicate the importance of training students to monitor,

control and regulate their learning as they are using computers, and allowing students to

work in small groups or in pairs appears to maximise that potential (Artzt & Armour-

Thomas, 1992). Current Singapore policy in the teaching of mathematics (Curriculum

Planning Division, 1995) also emphasises the importance of teaching mathematics in

more reflective ways that will encourage students to activate metacognitive processes

when they engage in problem solving activities. In the framework (see Appendix A) of

the mathematics curriculum, communication is identified as one of the sub-components

in the Skills of mathematical problem solving and one way of promoting communication

is to have group/pair discussion during mathematics lessons. In this study, all students

are made to work in pairs and are encouraged to solve the word problems

collaboratively (see Chapter Two, section 7) during the training sessions and the video-

recording sessions. It is hoped that arranging students in pairs will encourage them to

work collaboratively. This, in turn, is hoped to allow pairs to generate metacognitive

processes when they engage in word problem solving.

3. Theoretical Framework and Aims of the Research

Figure 1.1 shows the theoretical framework of the research.

The study focuses on training students to activate metacognitive processes while solving

word problems in a WordMath environment. Its main aim is to investigate the effect of
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this training on students' ability to solve word problems using the model approach and

reflect on their learning. The study also aims to examine the role of metacognition in

word problem solving in a computer environment.

Learning outcomes: Awareness of own
metacognition and mathematical word
problem solving knowledge structure

I
Increase in mathematics word problem

solving performance

Figure 1.1: Theoretical Framework of the Research

4. Research Questions

Four research questions have been identified as follows:

Research Question 1:

Research Question 2:

What effect will metacognitive training have on performance on

mathematical word problem solving?

To what extent is improved performance on mathematical word

problem solving (as a result of cognitive apprenticeship

instruction) related to the mathematical achievement of the

student?
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Research Question 3: Do the effects of metacognitive training on performance on

mathematical word problem solving vary with the mathematical

achievement of the student?

Research Question 4: What is the role of metacognition and its influence on word

problem solving performance in a computer environment?

Research questions 1, 2 and 3 are addressed quantitatively (see Chapter Five) while

research question 4 is addressed qualitatively (see Chapter Six). The quantitative

method includes statistical analysis of mathematical achievement tests data while the

qualitative aspect includes analysis of think aloud protocols using video-taped data,

student questionnaires and teacher interviews (see Chapters Three and Four).

5. Overview of Thesis

Following Chapter One, the second chapter provides the theoretical background to the

study by discussing some of the theories related to the area under investigation. Chapter

Two begins by providing some broad perspectives with regard to metacognition and

problem solving in the context of the Singapore mathematics syllabus and moves on to

provide definitions of the terms, `metacognition', 'cognition', and 'word problem

solving', used in this study. This is followed by a discussion of literature and related

research carried out on metacognition in the arena of Mathematics Education. This

literature is organised under five broad headings, namely: metacognition in relation to

mathematics performance; mathematics instruction including cognitive apprenticeship

instruction; computer environments; collaboration; and verbal reports.

Chapters Three and Four deal with the methodology of the study. Chapter Three focuses

on planning and piloting the study. It discusses the design, methodology and procedure

of the study. The nature and rationale of the research design is discussed and this is

followed by a description of the techniques that were used for the generation and

collection of data. There are two parts to Chapter Four. The first part deals with the

implementation of the study. It begins by providing a detailed description of the sampling

and rationale for the choice of schools and students. Then, it provides an account of the

actual procedure involved in the intervention process. In the second part, the approaches
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to data analysis used for both the quasi-experimental data and case study data are

discussed.

The fifth chapter is a presentation and description of the two statistical techniques,

repeated measures three-way analysis of variance where students are blocked according

to the school factor and repeated measures two-way analysis of covariance, which are

used to analyse the data from the two quasi-experimental designs described in Chapter

Four. The use of these two statistical techniques are appropriate because they are able to

eliminate, or at least try to reduce, the specific threats to validity arising from the design

of the study. This chapter also attempts to investigate the hypotheses developed from

research questions 1 to 3, and provide possible relationships between metacognitive

training, students' level of mathematical achievement and their mathematical word

problem solving performance.

The sixth chapter is a presentation and description of the case study data. It attempts to

explore the role of metacognition during word problem solving in a computer

environment and examine its influence on word problem solving performance as

specified in research question 4. In the first part of the chapter, I seek to present the

outcome of the analysis of the think aloud protocol data which includes descriptions of

the students' progression of word problem solving activity with the help of timeline

representations and data display tables. At the end of the first part of the chapter, I

highlight and describe some patterns of students' progression of word problem solving

activity which emerged from the think aloud protocol analysis and display tables. In the

second part of the chapter, there is a descriptive account of the students' metacognitive

knowledge during word problem solving based on the analysis of student questionnaire

and teacher interview data. These accounts provide a historical context to the analysis of

the students' word problem solving process.

In Chapter Seven, I seek to discuss and interpret the findings from the quasi-

experimental and case study data. The findings of this study are discussed under three

main headings, namely: (1) learning environment and mathematical word problem
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solving performance; (2) cognitive perspective and word problem solving; and (3) affect

and word problem solving.

The final chapter of this thesis is the conclusion of the study. In this chapter, I begin by

summing up the findings of this study and go on to discuss the educational and

pedagogical implications for the effect of metacognitive training and the role of

metacognition in Singapore mathematics classroom, especially in a computer

environment. A critique, showing some of the limitations of the study, is made before

identifying the contributions that this study has made to the existing field of research in

metacognition. The final section of Chapter Eight concludes with some suggestions for

further research.
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Chapter Two
Theoretical Background and Review of Literature

1. Introduction and Overview of Chapter

The aims of the study are to investigate the effect of metacognitive training on students'

mathematical word problem solving performance and to explore the role of

metacognition during mathematical word problem solving in a computer environment in

Singapore primary schools. Section 2 begins by providing a broad understanding of

metacognition and then narrows down to focus on the distinction between metacognition

and cognition. This distinction will be used as a starting point in the present study.

Section 3 also begins with a broad perspective of what problem solving in the context of

Singapore mathematics syllabus entails and then focuses on the type of 'problem

solving', word problem solving, used in the present study. A working definition for word

problem solving in the study will be provided in this section.

In order to provide a basis to operationalise the general research aims, it is necessary to

turn to areas of literature that are related to the topic under investigation. Hence, the

next five sections review the literature and research on metacognition, with a particular

focus on Mathematics Education. As the main focus of this study is on the effect of

metacognitive training on students' mathematical word problem solving performance,

some recent research carried out on training students in metacognitive strategies for

problem solving and how this training influences the students' mathematical problem

solving performance will be discussed in sections 4 and 5. Before moving on to the next

section, section 5 concludes with a brief discussion on the relationship between affect

and promoting students' metacognitive awareness. As mentioned earlier, this study also

aims to understand the role of students' metacognition in a computer environment by

exploring the levels of students' cognition during word problem solving. Since research

on computer environments has shown that they are powerful influences on students'

learning, section 6 of this chapter reviews some of the literature and research on

metacognitive training in a computer environment. This review begins by providing a

description of the computer environment used in research focusing on metacognitive

training. The computer environment is supposed to be different from the traditional
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classroom environment and this difference is claimed to enable students bring about

higher level of thought processes during problem solving (Clements, 1990, p. 147). The

review also includes a discussion of some of the metacognitive strategies researchers

have used to promote students' metacognitive awareness during problem solving in a

computer environment. Section 7 reviews literature that focuses on the processes of

collaboration during word problem solving. In section 8, there is a review of the

emerging metacognitive strategies in students' verbal report when they collaborate. The

review of the above five areas of literature will form the theoretical background for this

study.

2. Metacognition

Lesh (1982), Silver (1982) and Schoenfeld (1982), influential researchers in the arena of

metacognition in mathematical problem solving, regard metacognitive actions as the

'driving forces' in problem solving, influencing cognitive behaviour at all phases of

problem solving'. If metacognition is so important, there is a need to explain what

metacognition is, its importance and its impact in mathematics education. This section 2

and sub-section 2.1 will attempt to answer these questions.

In a meta-analysis, Lester (1994) draws out two results that have come to be generally

accepted between the relationships of metacognition and mathematical problem solving.

They are:

1. Effective metacognitive activity during mathematical problem solving requires

knowing not only what and when to monitor but also how to monitor; and

2. Teaching students to be more aware of their cognition and be better monitors of their

mathematical problem solving actions should take place in the context of learning

specific mathematics concepts and techniques. This is because there is evidence that

general metacognitive instruction is likely to be less effective.

i Defining 'problem solving' is difficult and complex. Section 3 provides what problem solving entails
in the Singapore mathematics curriculum.
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However, there is still much confusion as to precisely what the term metacognition

means. Schoenfeld (1992) posits that metacognition is primarily concerned with those

human reasoning processes that are necessary to solve problems for which no completely

developed or automated procedures are available. In Flavell's (1976, p. 232) terms,

metacognition refers to 'knowledge concerning one's own cognitive processes' that is

used in 'monitoring and consequent regulation and orchestration of those processes'. In

this study, Flavell's definition of the term metacognition is used as a starting point.

In the domain of learning and instruction, mathematics education in particular, there

seems to be an acceptance that metacognition involves three separate but related aspects,

namely:

1. metacognitive knowledge: knowledge about own thought processes or cognition (e.g.

What does a person know about his/her own thinking?) (Lester, 1994);

2. executive control: control or self-regulation of activity during problem solving (e.g.

How well does a person keep track of what (s)he is doing and how well does (s)he

use those observations to guide his/her problem solving actions?) (Lester, 1994); and

3 metacognitive beliefs: beliefs and intuitions (e.g. What ideas a person brings to his/her

work in mathematics and how this shapes the way in which (s)he does mathematics?)

(Schoenfeld, 1985; 1992).

With regard to the first aspect, metacognitive knowledge involves knowing about the

strengths and weaknesses of one's own cognitive abilities, strategies and resources in

relation to the performance of specific cognitive tasks. Some examples include the

awareness of limits of short-term memory and knowing that memory is fallible but that

aids (e.g. mnemonics) are helpful for retaining information (De Corte et al, 1996).

Garofalo and Lester (1985) categorise metacognitive knowledge into three categories:

person category, task category and strategy category. The person category consists of

what (s)he believes about himself/herself and others as cognitive . beings. For example,

Markman (1979) concludes that young children predict their performance on motor tasks

much better than on recall tasks. The task category includes knowledge about the depth

and requirements of tasks, as well as knowledge about factors and conditions, that make
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some tasks more difficult than others. For example, Canney and Winograd (1979)

conclude that younger readers and poor comprehenders view reading as a decoding

activity whereas better comprehenders view reading as a search for meaning. Finally in

the strategy category, it includes knowledge of general and specific cognitive strategies.

For example, Kreutzer et al (1975) found that older children can think of more

mnemonics and retrieval strategies and also exhibit more planning strategies than

younger children.

However, from research findings, metacognitive knowledge is not so finely categorised.

Many of the examples are placed in more than one category. This implies that

metacognitive knowledge involves the interaction of person, task and strategy categories

during problem solving. For example, with regard to mathematics tasks, person-by-task

interactions include the students' ability to estimate the task's difficulty and preference

for a particular type of task; person-by-strategy interactions include the students' ease

and familiarity with, and confidence in using useful strategies; and task-by-strategy

interactions involve an awareness that a particular class of problems can be solved using

a certain heuristic. These interactions of person, task and strategy knowledge can have

an influence on the students' decision to regulate his/her activity. For example, if the

student is aware that (s)he is prone to making computation errors when working fast,

(s)he is likely to monitor and is more likely to check the results more diligently (Garofalo

& Lester, 1985).

The second aspect of metacognition is control or self-regulation. In brief, it refers to the

processes in planning, controlling and reflecting. Schoenfeld (1992) identifies awareness,

monitoring and assessing progress 'on line' and acting in response to the assessments of

online progress as important aspects of self-regulation. De Corte et al (1996, p. 506)

define self-monitoring and self-regulating mechanisms as 'the executing control structure

that organises and guides our learning and thinking processes'. In the domain of

mathematics, Lester and Garofalo (1982), Kruteskii (1976) and Nelissen (1987) report

differences between more and less able elementary and secondary pupils with respect to

self-monitoring and self-control. At the college level, Schoenfeld (1985) found that in

comparison with an expert problem solver, students lacked essential metacognitive
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monitoring, assessing and decision making skills though they did not lack conceptual

knowledge. From these research studies, one can conclude that skilled problem solvers

appear to have a high level of control, and a systematic and persistent orientation

towards their goal.

In the third aspect, metacognitive beliefs, Schoenfeld (1992) found in classroom

observations that many students come to believe that school mathematics consists of

mastering formal procedures that are completely different from real life, from discovery

and from problem solving. They also believe that all problems can be solved within a

short span of ten minutes or less; and only geniuses are capable of discovering

mathematics. These beliefs have unfortunate behavioural consequences. For example,

students who appear to believe that all problems can be solved in ten minutes or less will

simply stop working on a problem after a few minutes, even if they would have been able

to solve it with more effort. Students who believe that mathematical understanding is

simply beyond ordinary people like themselves are likely to simply accept and memorise

what is given to them without attempting to make sense of it on their own (Schoenfeld,

1987). Schoenfeld believes that instructional programmes should be designed to change

students' conception of mathematics. Research in this aspect is still in its infancy and

researchers have agreed that more work is needed to clarify the role of metacognitive

beliefs in problem solving (Lester, 1994), and its influence in metacognition.

In this present study, students' metacognitive knowledge and their executive control are

elicited so that the role of metacognition during word problem solving in a computer

environment can be examined. In the following sub-section, there is an attempt to

distinguish between metacognition and cognition. Identifying the difference allows the

delineation of the levels of cognitive behaviours in students' word problem solving in a

computer environment (see Chapter Four, section 5).

2.1 Metacognition and Cognition

In relation to distinguishing between `metacognitive' and 'cognitive', Garofalo and

Lester (1985) suggest thinking of cognition as involved in doing whereas metacognition

as involved in choosing and planning what to do and monitoring what is being done.



18

Artzt and Armour-Thomas (1992), and Montague and Bos (1990) distinguish between

`metacognitive' and 'cognitive' by looking at cognitive and metacognitive strategies, also

building on Flavell's (1976) contribution to metacognition. In the area of mathematics,

cognitive strategies refer to either specific heuristics or general procedures such as

reading the problem, paraphrasing, visualising, hypothesising, estimating, computing and

checking the problem (Montague & Bos, 1990). In contrast, metacognitive strategies

refer to the knowledge of and being aware of the problem solving strategies, use of these

strategies and having control over these strategies for purposes of regulating and

monitoring performance (Montague & Bos, 1990). Hence, cognitive strategies are

invoked to make cognitive progress but metacognitive strategies are to monitor it. In

Artzt and Armour-Thomas' (1992) framework (see Appendix G), in order to

differentiate cognitive and metacognitive behaviours, they distinguish metacognitive

behaviours as behaviours which could be exhibited by statements made about the

problem or about the problem solving process whereas cognitive behaviours are

behaviours which could be exhibited by verbal or non-verbal actions that indicated actual

processing. For example, when I work on a mathematical word problem, I might realise

that the problem is more complex than I had thought at first (metacognitive). I may

suppose that the best thing I could do would be to start over again (metacognitive), so I

read the problem to ensure that I filly understand it (cognitive). In the midst of this

mentally demanding task, I might keep track on how well things are going

(metacognitive). If things appear to be proceeding well, I could continue along the same

path towards my goal (cognitive); if they appear to be problematic, I would consider

seeking alternative paths to my goal (metacognitive).

I propose that the distinction between metacognition and cognition in word problem

solving situations will be defined as follows: cognitive behaviours are indicated by the

actual processing of the word problems and metacognitive behaviours are indicated by

the knowledge of and being aware of the word problem solving strategies, use of the

strategies and having control over these strategies for purposes of regulating and

monitoring word problem solving performance. This distinction will be used in the

analysis of students' think aloud protocols during word problem solving (see Chapter

Four, section 5 and Chapter Six, sections 2, 3 and 4).
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3. Problem Solving in the Context of Singapore Mathematics Syllabus

In this section, I will provide an account of what problem solving entails in the context of

Singapore mathematics syllabus, the Revised Mathematics Syllabus (see Appendix A),

and, drawing from literature, define the type of problem solving approach that is

recommended by the Revised Mathematics Syllabus. Then, in the following sub-section,

I shall redefine the problem solving recommended in the Revised Mathematics Syllabus

as word problem solving. This definition of word problem solving will be used in the

study context.

In Appendix A, there is a brief description of the Revised Mathematics Syllabus which

was implemented in 1992. One of the central foci in this Revised Mathematics Syllabus is

on problem solving (Lim, 1990). According to the report on the Revised Mathematics

Syllabus, problem solving is not a distinct topic but a process or activity that should

permeate the entire mathematics programme and provide the context in which concepts,

skills and processes can be learnt. In Teong (1997), I recommended four areas of

concern that might affect how teachers teach and Singapore students learn using the

Revised Mathematics Syllabus. They are the new approaches to teaching, the language

factor, pupils' readiness, and the assessment methods. In this section, I will only focus on

the concern where new approaches to teaching are recommended in the Revised

Mathematics Syllabus.

The problem solving approach recommended by the Ministry of Education (Singapore) is

'teaching for problem solving' (Schroeder & Lester, 1989, p. 39). According to

Schroeder and Lester (1989), this approach engages the students to learn mathematics so

that they are able to use the gained knowledge to solve other problems. Problem solving

might be viewed as an activity students engage in only after a new concept is introduced

or following work on a computational skill or algorithm. The purpose of the 'problem

solving activity' is to give students 'practice' to 'apply' recently acquired concepts and

skills to 'real-life' problems. An example would be problems under the heading 'Using

addition to solve problems' where a 'model' solution of a simple story problem is

provided for solving other very similar problems. Often, by simply following the pattern

established in the 'model' solution, students often can obtain the solution but when
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students encounter problems that do not follow the sample, they often feel at a loss.

When taught in this way, Schroeder and Lester (1989) caution that students often simply

pick out numbers in each problem and apply the given operation(s) to them without

regard for the problem's context, and often they get the correct solutions. In their view,

this practice is not problem solving, for it does not even require mathematical thinking.

Schroeder and Lester's (1989) concern is that this is a dangerous way to learn which

would lead to a long term side effect, that is to give students a false picture that all

mathematics problems can be solved quickly and relatively effortlessly without the need

to understand how the mathematics they are using relates to real situations.

Unfortunately, the approach described to problem solving instruction, 'teaching for

problem solving' is recommended in Singapore Mathematics textbooks and the

Teacher's Guide books developed by the Curriculum Planning Division. Teachers treat

problem solving in isolation, only introducing the 'strategies' after the basic

computational algorithms have been taught. This method is also encouraged by the extra

activities labeled as 'Mathematical Thinking', 'Problem Solving' and 'Mathematical

Investigation' found in the mathematics resources such as the Teacher's Guide book and

the Challenging Mathematics problems package. It might be that the teachers are

uncertain about what problem solving entails and by following the official Teacher's

Guide books which contain very detailed advice and 'real' lesson plans for teachers,

these teachers might be heading in the 'wrong direction' in terms of helping their

students develop thinking strategies in problem solving. It appears that the recommended

approach in the Revised Mathematics Syllabus is not used in the true spirit of problem

solving which Schroeder and Lester (1989, p. 39) define as 'teaching via problem

solving'. I propose that the 'problem solving' recommended by the Ministry of

Education should be redefined as 'word problem solving'. In the following sub-section,

what word problem solving entails and an example of a word problem that is used during

word problem solving will be provided.
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3.1 Word Problem Solving

The word problems used in the present study are routine, multistep problems (Reed,

1999, p. 62) that exist in the textbooks after the concepts of a topic in the mathematics

syllabus have been taught. The following is an example of such word problems:

1	 1
A bottle weighs 2.5 kg when it is — filled with cooking oil. It weighs 3.3 kg when it is —

3	 2
full. Find the weight of the empty bottle.

These word problems consist of three parts: givens, a goal and obstacles (Davidson &

Sternburg, 1998). The givens are the elements, their relations and the conditions that

compose the initial form of the word problem. The goal is the desired outcome or

solution. When students work on the word problem, they actively try to transform the

given state of the situation into a desired or goal state. Obstacles are the characteristics

of both the word problem and the difficulty involved in changing the given state of the

word problem into the desired one or the difficulty involved in recognising when a

correct transformation has occurred (Davidson & Sternburg, 1998).

The word problems defined above are the types of word problems Singapore students

are engaged in during word problem solving. They are taught to use the model approach

(see Appendix B) to solve these word problems. In the present study, these word

problems will be used. Then the relationship between the students' metacognitive

behaviours, their differential mathematical achievement and their mathematical word

problem solving performance will be examined when the students are engaged in word

problem solving on the word problems as described above.

I have provided a broad understanding of what metacognition is and distinguished

between metacognition and cognition. This distinction will be used as a starting point to

develop the framework to delineate students' levels of cognitive behaviours in word

problem solving in Chapters Four and Six. I have also introduced the 'problem solving'

approach stated in the Revised Mathematics Syllabus and provided a rationale for

redefining the approach as word problem solving. This definition will be used as a
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working definition to the approach students use to solve word problems as described

above.

In the following sections, evidence relevant to the use of metacognition in mathematics

education is elaborated. Factors that specifically contribute to the success in students'

word problem solving are also highlighted and discussed.

4. Metacognition and Mathematical Performance

In the 1980s, mathematics educators began studying the role of metacognition in the

performance of mathematical tasks (Garofalo & Lester, 1985; Schoenfeld, 1987; Silver,

1985). They argue that what one knows or believes about oneself, as a learner and doer

of mathematics, and how one controls and regulates one's behaviours, while working

through mathematical tasks, can have powerful effects on one's performance. Schoenfeld

(1985) also argues that metacognitive processes such as assessing one's knowledge,

formulating a plan of attack, selecting strategies and monitoring and evaluating progress

play a central role in mathematical performance by enabling effective decisions to be

made regarding the allocation of time, energy and knowledge resources. According to

Mayer and Wittrock (1996, p. 51),

'An instructional implication of the rnetacognitive view is that pupils need to learn when
to use various cognitive processes, including being aware of their processes, monitoring
their cognitive processes and regulating their cognitive processes.'

Cardelle-Elawar (1992) provided classroom instruction to low-performing sixth grade

children on how to use linguistic, strategic and procedural knowledge to solve

mathematical story problems. The teacher helped the students learn to recognise when

they did not understand the meaning of the word, did not have all the necessary

information to solve the problems, did not know how to break the problem into steps or

did not know how to carry out a computation. Trained students showed large pretest-to-

posttest gains in mathematics achievement and attitudes toward mathematics whereas

control students did not. Apparently, learning to monitor and -control one's cognitive

processes for solving mathematics problems in the classroom transferred positively to

solving other types of mathematics problems in a written test (Mayer & Wittrock, 1996).

The above study and others (Chinnapan & Lawson, 1996; McCrindle & Christensen,
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1995; Delclos & Harrington, 1991) provide evidence that providing metacognitive

training has a significant impact on students' mathematical performance and this raises

the issue of how the instruction should be effectively implemented to bring forth this

impact. The following section will examine how research has looked into ways to make

students become aware of their thinking process during problem solving.

5. Metacognition and Mathematics Instruction

Lester (1983) and Schoenfeld (1983) believe that the failure of most efforts to improve

students' problem solving performance is largely due to the fact that instruction has

overemphasised the development of heuristic skills and has virtually ignored the

managerial skills necessary to regulate one's activity (Garofalo & Lester, 1985). Callahan

and Garofalo (1987) highlight that typical in mathematics instruction, class work and

homework are designed to increase students' knowledge about concepts and procedures

and usually do not direct attention to developing students' metacognitive behaviours.

Although, students might develop some awareness and engage in some control on their

own and that most teachers give guidance in regulating their mathematical tasks,

mathematics instruction is still primarily focused on mathematical content. There is

evidence (Mayer & Wittrock, 1996) that it is ineffective to divorce metacognitive

instruction from subject content. Hence, metacognitive training must be incorporated

into the teaching of the subject itself (Lester et al, 1989). Researchers like King (1991,

1994), Kramaski and Mevarech (1997), Mevarech and Kapa (1996), and Schoenfeld

(1985) design metacognitive training that reinforces conscious reflection and regulation

of the problem solving processes. Loper and Murphy (1985) note that central to the

studies that employ metacognitive training in problem solving, there is an emphasis on

two features: an awareness of one's own cognitive skills and abilities and the efficient

use of this self-awareness to self-regulate cognitive activity. According to Loper and

Murphy (1985, p. 224), metacognitive training is defined as 'a systematic attempt to

induce enhanced levels of cognitive performance in a child through the training of self-

awareness and/or self-regulatory skills'.

Chinnapan and Lawson (1996) report that training which focuses on the use of executive

strategies concerned with the management of problem solving activities directs students'
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attention to planning of the solution path, checking calculations and reviewing of their

solution. This training results in an improvement in both high- and low-achieving

students in geometry problem solving. In Singapore, Yeap and Menon (1996) observed

ten students solving non-routine mathematical problems. They conclude that the ability

to monitor and regulate one's problem solving process is central to success in problem

solving. Specifically, they noticed that though students demonstrated metacognition

during problem solving, their strategies were not always efficient and successful. As a

result, Yeap and Menon (1996) highlight the need for mathematics instruction to

incorporate the development of metacognitive strategies and emphasise systematic

thinking.

The following sub-section provides a description of a specific instruction, cognitive

apprenticeship instruction, with metacognitive training. This form of instruction is

claimed to be effective in making students become aware of their metacognition during

problem solving (Schoenfeld, 1985).

5.1 Metacognition and Cognitive Apprenticeship Instruction

Schoenfeld's (1985) study provide evidence that a classroom approach which

encourages students to internalise metacognitive processes can improve problem solving

performance as well as providing useful approaches to the investigation of awareness and

self-control. Schoenfeld designed an instructional programme intended to promote

students' ability to regulate during problem solving. His programme models the

instructional framework of the cognitive-apprenticeship model of instruction (Collins et

al, 1989; 1991). This model is derived from the metaphor of the apprenticeship working

under the master craftsperson in traditional societies and from the way people seem to

learn in everyday informal environments (Lave, 1988). The cognitive apprenticeship

model rests on the conception of the 'ideal' apprenticeship as a method of becoming a

master in a complex domain. In contrast to the classroom context, Collins and Brown

(1988) recommend establishing settings where 'worthwhile' problems can be worked

out and solved. According to De Corte et al (1996), the key instructional strategies or

components of the cognitive apprenticeship model are that: instruction focuses on the

content; is situated in the students' learning experience; models and explains how a
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process works; coaches students by observing them and providing help when needed;

provides opportunities for students to articulate their thoughts; provides ample

opportunities for students to reflect on what they have done; encourages students to

explore different strategies and hypotheses and observe their efforts; and is sequenced in

a chronological order so that concepts are taught in increasing complexity.

In the present study, WordMath is intended to be used as a tool which the students can

use in their collaborative word problem solving. It is designed on the instructional

approach of cognitive apprenticeship methodology (Collins et al, 1991) and its aim is to

help students learn to solve word problems (Looi & Tan, 1997), word problems that are

particular to the Singapore mathematics curriculum (see section 3.1). According to the

developers (Looi & Tan, 1997), there are six pedagogical domains to promote

understanding and expertise. They are the modeling and explaining domain; the coaching

domain; the scaffolding domain; the articulation domain; the reflection on performance

domain; and the exploration domain. This software was tested on thirty-six 11 to 12-

year-olds from two Singapore schools. The researchers conclude that `WorcMath is a

useful software for pupils to learn word problem solving' (Looi & Tan, 1997, p. 15).

WordMath, though a 'tutoring engine' (op cit p. 15), provides pupils some form of

control in their learning. For example, pupils can choose which mode to solve word

problems, from a 'didactic' style in the 'Coaching' mode to a more 'exploratory' style in

the 'Practice and Reflection' mode. In addition, some of the pedagogical domains such

as the reflection on performance domain, the articulation domain and the exploration

domain, allow pupils to explore and encourage them to exhibit metacognitive behaviour.

Looi and Tan (1997) highlight and note that 'when two students worked together in this

way, there was always much discussion between the students on how to respond to the

system' (Looi & Tan, 1997, p. 14). The researchers feel that creating an environment

where pupils work in pairs with WordMath helps to promote discussion amongst pupils

and even teachers. In the present study, metacognitive training is also incorporated into

the use of WordMath. This combination of learning, according to Schoenfeld (1985), is

able to encourage students to become more aware of their metacognition during problem

solving.
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Researchers like Jarvela (1998), Leo and Galloway (1996), Mayer (1998), Schoenfeld

(1987), and Vauras et al (1999) argue that there is a need to address the affective issues

such as metacognitive beliefs (see section 2) and the motivational aspect of cognition in

the arena of metacognitive training. These affects, according to McLeod (1992), play a

significant role in mathematical learning and instruction. Furthermore, Reeve (1996)

argue that the ability students monitor and regulate their own learning, and internalise

these processes is influenced by motivational issues. For example, Leo and Galloway

(1996) suggest that the failure of some children to respond to the instructional method in

Cognitive Acceleration in Science Education (CASE) might be due to their motivational

style of learning instead of their failure to learn CASE strategies. Others, like Jarvela

(1998) and Mayer (1996), suggest that a cognitive apprenticeship and technology rich

environment may maintain the students' tendency towards task orientation, which is

indicated by the students' intrinsic motivation on the task and their persistent strive for

mastery. However, Vauras et al (1999) argue that in their study, there exist conflicts that

make students resist behaving according to the (real and imagined) norms of their peers.

In addition, little is known how these students overcome these conflicts by gradually

gaining a higher sense of competence and self-efficacy, which may help them towards

more independent cognitive functioning. The researchers (Vauras et al, 1999) feel that in

studies that promote strategic learning, there is a need not only to train students in the

use of cognitive and metacognitive strategies, but also in emotional coping and

motivation strategies that promote self-regulation.

In the present study, due to time constraints, I have not trained students to deal with the

affective issues. However, these issues will be taken into consideration in the discussion

chapter (see Chapter Seven, sections 2.2.1 and 4). The following section provides

accounts of research that focus on the common features in promoting metacognitive

awareness in a computer environment, and the types of metacognitive strategies

researchers use to encourage students become more aware of their thinking process in

the computer environment.
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6. Metacognition and Computer Environments

There have been several attempts made by researchers to employ metacognitive training

within computer environments (Clements, 1990; Mevarech & Kapa, 1996; Kramarski &

Mevarech, 1997; Mevarech, 1999). Clements (1990), and Mevarech and Kapa (1996)

highlight two distinct features of the computer environments which they claim would

enhance information processing during problem solving, namely completeness and

explicitness. For example, Clements (1990) described the Logo programming

environment as complete in that (a) children engaged in all problem solving process, (b)

both general knowledge and domain specific knowledge were addressed, (c) there was a

comprehensive set of pedagogical approaches used, and (d) social and emotional aspects

of learning were considered. In addition, the explicitness arose when the 'homunculi'

(Clements, 1990, p. 144) instructional device was introduced to the children. This

'homunculi' instructional device was made up of cartoon anthropomorphisms of the

metacomponential processes which were represented as the problem decider, the

representer, the strategy planner, and the debugger (Clements, 1990, p. 144). Then the

children were asked to verbalise their goals and solution procedures, as well as their

metacomponential processes, before overtly attempting a solution. To Clements (1990,

p. 147), such attention to explicit awareness of metacomponential processes in a Logo

programming environment stands in contrast with the traditional pedagogical emphasis

on conveying a large corpus of factual knowledge, which often obfuscates higher-

thought processes.

Other researchers have also devised their own metacognitive training strategies which

add to the explicitness of the computer environments. Kramarski and Mevarech (1997),

and Mevarech and Kapa (1996) used a problem solving strategy called SOLVE with

students programming in Logo. SOLVE is the acronym of the problem solving stages

suggested by Polya (1973): Systematic analysis; Overall planning; Linking together the

partial solutions; Verification; and Evaluation of the overall solution. Mevarech and

Kapa's (1996) study revealed that knowledge acquisition and certain aspects of creativity

and metacomponents (e.g. correctness) were strongly affected by the problem solving

based Logo, Logo-Stat. Like Clements (1990), the researchers noted that using the

SOLVE strategy further served to focus the children's attention on their information
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processing. Kramarski and Mevarech (1997) reported positively that students who were

exposed to metacognitive treatment with SOLVE tended to construct graphs better and

were able to reflect on their learning better compared to their counterparts who were not

exposed to such treatment. They noted that the study raised the question of the

differential effects of metacognitive training on lower and higher achieving students.

They suggest that there is reason to suppose that students with different prior knowledge

would benefit differently from metacognitive training and this issue is important for

heterogeneous classrooms where students with different backgrounds and aptitudes learn

together.

In all these studies, there is an underlying notion that increasing students' conceptual and

procedural knowledge is not sufficient to enhance students' mathematical problem

solving performance. Students need to be aware of their metacognitive processes and

schools need to establish explicit training to develop this awareness. On the other hand,

this awareness will only be effective if metacognitive training is focused on specific

subject domains for there is evidence (Mayer & Wittrock, 1996) that metacognitive

training only fosters 'transfer' within specific subject domains.

In the present study, students solved word problems in the WordMath environment with

a metacognitive strategy, CRIME (see Appendix F), which I had developed. Its aim is to

promote students' metacognitive awareness during word problem solving. CRIME is

another acronym of the word problem solving stages: Careful Reading; Recall Possible

Strategies; Implement Possible Strategies; Monitor; and Evaluation. At each stage of the

word problem solving, there are questions to direct the students to regulate and monitor

their solution. It was piloted on two students in Leeds (see Chapter Three, section 4 2)

and CRIME was found to be an effective strategy to make students become more aware

of their thinking process in word problem solving.

As mentioned in Chapter 1, section 2.2, in all studies employing metaco gnitive training

within computer environments, the students were working on and discussing their tasks

in small groups. As highlighted in section 5.1, Looi and Tan (1997) also note the

importance of articulation when solving word problems in WordMath as it encourages
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students to exhibit metacognitive behaviour. In the following section, I will consider the

importance of collaborative talk during word problem solving because it is relevant to

the present study.

7. Metacognition and Collaboration

Dillenbourg (1999, p. 12) states that the first criteria for an interaction to be

characterised as collaborative is that it should be 'interactive'. The degree of interactivity

among peers is not defined by the frequency of interactions, but by the extent to which

these interactions influence the peers' cognitive processes. Crook (1995) identifies three

processes in social interaction which are collaborative: articulation; conflict; and co-

construction.

Articulation occurs when learners work closely in problem solving and are required to

make their thinking public and explicit (Crook, 1995). This involves peers articulating

their opinions, predictions, and interpretations which might contribute to the tasks.

According to Crook (1995), there are two reasons why articulation promotes learning.

One reason is that peer articulation is linked to self-reflective processes arising from the

responsibility of justifying and declaring your own ideas to a collaborator. As a result,

Damon and Phelps (1989, p. 152) declare that

'In order to work productively with their partners, children must publicly recapitulate
their own emerging understanding of the task. This, we believe is a process that strongly
facilitates intellectual growth because it forces the subjects to bring to consciousness
the ideas that they are just beginning to grasp intuitively. The responsibility that
children feel for communicating well with their peer partners induces them to gain
greater conceptual clarity for themselves'

The other reason is that when ideas are publicly articulated, the talk of one participant

serves to create for the other exemplars of strategic moves that might lead to successful

problem solving. This latter suggestion is thought to be linked to the interpretation of

effective practice in the 'zone of proximal development' (Crook, 1995, p. 134).

According to Crook (1995), homogeneous pairs can also give rise to a socially defined

cognitive system of the same sort: one that is comparable to that traditionally discussed

for novices working with more expert partners. The cognitive benefits arising from peer
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articulation would be associated with the processes of internalisation, that is 'the

opportunity to participate in the processes of coordinating a problem solving strategy

creates the conditions for transfer from Vygotsky's inter-mental plane to his private

intra-mental plane' (Crook, 1995, p. 134). For example, as a learner is pressurised to

make ideas public, the learner may have to slot into an externally located cognitive

system that implicates a partner's contributions also. As a result, participation in such

systems may then be internalised.

The presence of a peer encourages peer articulation and sometimes conflict arises.

Conflict arises when peers disagree with the other in the way the problem situation is

interpreted or the strategy used to solve the problem. The benefit of conflict is supposed

to occur in the context of disagreements between peers and their efforts to resolve them.

For example, a partner might not agree with his/her peer's strategy. This often forces the

other to defend his/her strategy or reasoning and this makes him/her think more deeply

about what (s)he has proposed. Sometimes, the defender can convince his/her peer and

sometimes (s)he cannot. When (s)he cannot, (s)he may re-evaluate his/her own reasoning

and that of his/her peer, and moves on to a new strategy. This may be related to the

Piagetian perspective of cognitive development as a collaborative process (Crook, 1995).

Piaget speculated that individual development is facilitated by co-operation between

peers in resolving cognitive conflicts provided by their differing perspectives (Rogoff,

1998). Such conflicts were observed in many of the students' word problem solving in

this study (see Chapter Six, section 2).

Co-construction is a notion which often arises in discussions of peer interaction more

influenced by Vygotsky's socio-cultural thinking (Wertsch, 1990). Theorists in this

domain focus on how children take individual responsibility for complementary cognitive

functions while solving a problem. This might enable them to be organised within the

context of some overall converging discussion about the task. Co-construction existed

when students L and JK (see Appendix H and Chapter Six, section 2. 5), took

responsibility to solve the eight word problems together. As pointed out by Crook

(1995, p. 137), 'strategies of sharing responsibility may serve to accelerate the
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participants' joint construction of some worthwhile convergence - a common object of

some sort'.

I have discussed the significance of collaboration during word problem solving and the

processes that may lead to collaborative talk. From the above argument, it appears that

peer collaboration facilitates metacognition. In the present study, the students were made

to solve word problems in peers. It is hoped that putting them in pairs will encourage

collaborative talk. The next section identifies the procedure used to 'capture' this talk.

8. Metacognition and Verbal Reports

Most major research studies in the area of metacognition use a quantitative methodology

to analyse and draw conclusions on metacognitive components. Schoenfeld (1985), and

Goos and Galbraith (1996) 'capture' and analyse students' covert metacognitive

strategies during problem solving using the think aloud procedures which are used to

give researchers a glimpse at covert strategy activity that is not accessible in normal

circumstances.

Kail and Bisnaz (1982) describe any strategy as a sequence of activities rather than a

single event. This means that, among other things, students need to acquire both the

component processes and a routine for organising the processes. Another significant

aspect of any strategy is that it is largely under the control of the learner (Garner, 1988).

This implies that though certain subroutines may be learned to a point of being

automatic, strategies are generally deliberate, planned, and consciously manifested in

activities. Paris et al (1983, p. 285) call them 'skills under construction'. This means that

strategies require 'on-the-spot' resources that are not limitless and that strategies can be

examined, reported and modified. As a consequence, the think aloud procedures are

means to externalise metacognitive and cognitive strategies in instances where they are

not readily observable because they produce the concurrent verbalisations about the

activity the students are engaged in (Ercisson & Simon, 1993). In Schoenfeld (1985),

and Goos and Galbraith's (1996) studies, the researchers use the think aloud protocols

to capture the essential elements in the problem solution while students solve

mathematical problems. Both researchers were apparently successful in identifying the
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impact of the (presence or absence of) assessment and consequent decision-making of

the solution as a whole in the problem solving process when they analysed the think

aloud protocols.

Artzt and Armour-Thomas' (1992) study used think aloud protocols to delineate the

levels of cognitive behaviours of students' problem solving in groups. They were

apparently successful in identifying the impact of the levels of cognition on groups'

problem solving. Based on Green and Gihooly's (1996, p. 54) claim, 'The most useful

reports are straightforward verbalisations of ongoing thoughts as it happens, without

either elaboration or explanation. Such direct concurrent reports are generally

accurate and reasonably complete and have little reactive effect beyond slowing of

performance'. Ericsson and Simon (1993) have identified concurrent reports as a form

of verbal report which are produced when people are doing a task at hand. At the

extreme end of the spectrum is the Level 1 verbalisation which is simply the verbalisation

of verbal working memory content that is ordinarily heeded in doing the task. At the

other end of the spectrum is the Level 3 verbalisation which involves changes in working

memory content, making inferences, interpretation, a shift in attention, or some other

additional processing. According to Ericsson and Simon (1993), Level 3 verbalising is

expected to alter task performance. This usually occurs when students are given

verbalising instructions such as 'Explain what you are thinking?' which directs the

students to their own thought processes. Level 2 verbalisation involves the person

verbalising content ordinarily heeded in doing the problem task, describing what (s)he is

doing which requires no explanation. According to Ecrisson and Simon (1993), in all

studies reviewed, when the instructional procedures conformed to the Level 1 and Level

2 verbalisations, the studies gave no evidence that the verbalisation changes the course of

the students' thought structure. At this point, I argue that the concurrent reports and the

instruction used in the case study design to analyse students' think aloud protocols are

aimed at Level 1 and Level 2 verbalisations. It is because I made an attempt to adhere to

the principles listed by Green (1995) in order to maximise the validity of the verbal

report. First, appropriate instructions (see Chapter Three, section 3.2.1i) were used to

guide the production of concurrent reports aimed at Level 1 and Level 2 verbalisations

where the students were not encouraged to explain or rationalise their thoughts. Second,
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the concurrent reports were video-recorded as the task was being carried out with

minimum intervention from me (see Appendix I). However, I would like to add that in

the present study, when the students worked collaboratively, they might engage in Level

3 verbalisation, involving explanations of their own thoughts to their peer. Such

verbalising is metacognitive.

The present study uses a think aloud procedure to 'capture' metacognitive strategies

during word problem solving. Green (1995) and other researchers' (Ericsson & Simon,

1993) advice were heeded and the technique of using this procedure will be described in

Chapter Three, section 3.2.1 and the analysis of the protocols using the think aloud

procedure will be presented in Chapter Six, section 2.

To sum up, I have discussed some studies carried out on how metacognitive training was

used in mathematical problem solving and in computer environments, the findings of

which showed the positive effect of such training on students' mathematical problem

solving performance. I have also discussed studies that adopt the cognitive

apprenticeship instruction that encourage students in their use of metacognition during

problem solving (Collins et al, 1989). The findings of these studies have relevance for

this present study based on how it can help to illuminate and interpret findings which

emerge from this study about the effect of metacognitive training in a computer

environment using cognitive apprenticeship instruction. However, there are differences

between the contexts of some of these studies (i.e. those of college students solving non-

routine word problems, those using SOLVE in Logo environment, and others) and those

of Singapore primary students solving routine word problems. It is hoped that the

present study is able to fill the research gap in the arena of metacognitive training in

word problem solving in a computer environment.
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Chapter Three
Research Design and Issues

1. Overview of Chapter

The previous two chapters provided the background for the study in terms of its aims,

context and its theoretical framework. This chapter discusses the research paradigm and

design adopted for the realisation of the aims of the study. It also reports on the planning

of the study at various stages of the research. The next section, section 2, deals with the

nature and rationale of the research design, followed by the selection of data generation

and data collection techniques in section 3. A brief account of the initial preliminary

studies and a pilot study carried out amongst students in a Singapore primary school and

a Leeds secondary school are provided in section 4. A summary of the results generated

during these studies is also reported in this section. The planning of the design,

methodology and procedure as well as the piloting were carried out in the ten months

prior to the fieldwork. In Chapter Four, there is a more detailed description of the

implementation of the research study; the sampling and the rationale for the choice of

students and schools for the data collection; and finally, how the data was processed and

analysed.

2. Nature and Rationale of Research Design

This section begins by providing the nature and rationale of the research design that is

used in this study. First, there is a brief overview of the overall research design. Then it

goes on to discuss the approaches that are used to collect the data. Finally, it highlights

the advantages and limitations in adopting a design of this nature for the intended study.

The design of this study is a two-phase design (Lee, 1999), combining a quasi-

experimental design which is scientific (Robson, 1993, p. 18) in nature and a case study

design which is largely exploratory-interpretive (Cohen & Manion, 1994, p. 259) in

nature. As I am interested in investigating the relationships (Robson, 1993, p. 79)

between metacognitive training, students' level of mathematical achievement and their

mathematical word problem solving performance, a quantitative approach was thought

to be most suitable for this purpose. As stated in Chapter One, this study also sets out to
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explore the role of metacognition of Singapore 11-12 year old students' word problem

solving in relation to their levels of cognition. Hence, a qualitative analysis (Stake, 1995,

p. 41) of students' word problem solving data in the form of think aloud transcripts is

intended to provide some information as to the extent the levels of cognitive behaviours

interact and influence the outcome of word problem solving. In addition, analysis of the

teacher interview and student questionnaire data allows me to identify the metacognitive

knowledge (Chapter Two, section 2) and this provides a rich account of the type of

knowledge students bring with them to word problem solving.

The advantage of a two-phase design is that it capitalises on the particular strengths of

two traditionally separate research orientations (Lee, 1999). In particular, a quantitative

study's quasi-experimental design (see section 3.1) may inform me as I hypothesise on

the effect of metacognitive training on students' mathematical word problem solving

performance before, immediately after and then a prolonged period after the

metacognitive training. In a complementary fashion, the qualitative study may also allow

me to obtain a deeper or richer sense of how these metacognitive decisions, during

mathematical word problem solving, influence students' mathematical word problem

solving performance where pair think aloud protocols are used to elicit qualitative

information.

However, such designs are without limitations. In the design of the study, care was taken

to maximise the quality of the research. The first precaution was to ascertain construct

validity (Robson, 1993, p. 68), i.e. establishing correct operational measures for the

concepts being studied. Yin (1989) suggests that to achieve construct validity, the

researcher must select the items to be studied, and then to demonstrate that the

measures employed actually measure the items or the behaviour being studied. In the

quantitative component, the students' 1998 end-of-the-year mathematics examination

scores were identified as a good measure of students' level of mathematical achievement,

and the mathematical achievement test data were identified as a good measure of

students' mathematical word problem solving performance. In the qualitative

component, students' word problem solving behaviours, and students' word problem

solving performance were thought to be good measures to show the relationship
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between the role of metacognition and its influence on word problem solving

performance. However, for reasons given below, one cannot completely guarantee

construct validity for qualitative and quantitative work.

The second consideration taken into account was external validity (Cohen et al, 2000, p.

109). This has to do with whether the results can be generalised to the wider population,

cases or situations. Both results of the quantitative and qualitative studies cannot be

generalised to a population. However, the findings from the quasi-experimental design

can represent 'realistic' conclusions in educational settings, and the findings from the

case study design can be used to generate theory as is the tradition in qualitative

research. In the present study, the qualitative study is used to generate insights into the

theory of the role of metacognition in word problem solving.

The third consideration is reliability (Cohen et al, 2000, p. 117). This aspect deals with

reproducibility of the results over time, over instruments and over groups of

respondents. The goal of reliability is to minimise errors and biases in a study. In a

research study, the researcher is encouraged to document the procedures used as

detailed a manner as possible so that another researcher repeating the same procedures

would get similar results. However, in the quasi-experimental design and the think aloud

protocol in the case study design for the present study, reproducibility is neither possible

nor desirable. In the former, there are selection effects (see Chapter Four, section 5.1)

due to my lack of control in selecting the appropriate schools and classes based on the

criteria for this study (see Chapter Four, section 2.2), and in the latter each think aloud

protocol is unique. Although data collected in the qualitative study is richer, the

following shortcomings could arise:

1 There might be a limitation in my interpretation of students' think aloud protocol

because of the difficulty in carrying out think aloud methods. According to Goos and

Galbraith (1996) even in a 'dyad' (see Chapter Four, section. 2.1), thoughts are not

always verbalised and, therefore, are not easily accessible to the observer. In this

study, the only behaviours that could be categorised as metacognitive were those that

were audible to me. If the students were typing during the episodes of exploration,
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implementation, and/or verification, without verbal explanation, their behaviours were

most likely to be categorised as cognitive. It is possible that students were monitoring

their work at these moments and that their metacognitive behaviours were overlooked

because they had not articulated their thoughts;

2. There is a limitation in the motivation for some students to engage seriously in the

study because the learning strategy I had presented to them was not examined and

graded. There were also other distractions. For example, in School 1, there were

badminton and soccer tournaments, and case study students had to miss these

tournaments in order to attend the video-recording sessions. In School 2, the training

sessions were held during the school vacation, and some students had to forego their

holiday activities in order to attend my training sessions. The issue of motivation will

be revisited in Chapter Seven, section 2.2.1; and

3. There is a limitation in my ability to maintain a position of neutrality because of my

own bias towards different 'dyad's' (see Chapter Four, section 2.1) word problem

solving. This bias may have encouraged or even hampered interactions with different

'dyads', and may also have played an important part in the analysis, generation of

findings and their interpretation.

I, however, am aware of these limitations, and have made a conscious effort to reduce

their effect to an extent which could make the findings valid and reliable. This section has

discussed the design of the study, the advantage of adopting such a design and its

limitations. The following section will discuss how data was generated and describe the

various data collection techniques used in this study.

3. Selection of Data Generation and Data Collection Techniques

This section considers the various research techniques used for data generation and data

collection. It also seeks to give rationale for the use of each of these methods and

explains the nature of the methods used as well as who the students will be. Finally, it

discusses how the appropriate instruments were used in the data collection.
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3.1 Quasi-experimental Design

In this study, it was not possible for me to undertake true experiments (see Chapter

Four, section 2.2). It was best to employ the quasi-experimental design (Cohen &

Manion, 1994, p. 169) whose methodology is a 'compromise' of the true experimental

design because the random assignment of classes in this study was inappropriate. Cook

and Campbell (1979, p. 6) define quasi-experiment as

'experiments that have treatments, outcome measures, and experimental units, but do not use
random assignment to create the comparisons from which treatment-caused change is
inferred. Instead the comparisons depend on nonequivalent groups that differ from each other
in many ways other than the presence of a treatment whose effects are being tested'.

Leik (1997) cites 'field experiment' as an example of a quasi-experiment. According to

him, the major advantage of doing a field experiment as compared to conducting a true

experiment in a laboratory is that it has to do with studying a social phenomenon in its

natural setting rather than in the artificiality of the laboratory. Moreover, a field

experiment is much more closely tied to ongoing social reality. As a consequence, it is

more likely to satisfy criteria of external validity. With respect to factors that may affect

the internal validity of data obtained in field experiments, Leik (1997) has identified

three, namely: manipulation, control and random assignment. Leik (1997) highlights the

difficulties involved in satisfying internal validity for field experimentation. For example,

can we really deduce that the change in Y was brought about by the change in X? This

is because field experiment rules out random assignment and the question is whether the

observed effects should be attributed to some manipulation or to group member

composition. Though field experiments cannot approach very closely to the ideal

manipulation, control and random assignment, it should be recognised that it is often

very difficult or almost impossible to achieve this ideal set of conditions, especially in

educational research. Leik (1997) advises that quasi-experiments, especially field

experiments, should not be thought of as some sort of poor relative of laboratory

experiments. According to him, each type of research contributes an important part to

an overall understanding of how things really work. For example, if there are strong

hunches from field experiment but not sufficient evidence to enable us to understand the

underlying causal process, then a well-designed experiment is in order. The two are

complementary approaches to understanding the reality we wish to study (Leik, 1997).
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In the present study, the main technique used to collect data for the quasi-experimental

design is the word problem items (see Appendix C) in the mathematics achievement

tests (e.g. pretest, posttest 1 and delayed post-test 1). These word problems from the

topics Whole Number and Fraction were selected on the basis that i) mathematical word

problem solving is developed in these topics in the Revised Mathematics Syllabus

(MOE, 1995) (see Appendix A), and ii) Singapore 11-12 year old students are familiar

with word problem solving involving Number and Fraction since they have been

exposed to the Number and Fraction concepts and word problem solving involving

these concepts from the time they started attending primary schools. Hence, the word

problems for the quasi-experimental design are the kinds of tasks students are expected

to 'master' in school and on which their mathematical performance is systematically

monitored and evaluated. They are also designed to reflect the type of word problems

used in the Primary School Leaving Examination or PSLE (see Appendix A) for the

topics on Whole Number and Fraction. These word problem items 'passed' the item

analysis test (Kubiszyn & Borich, 1990) which indicate that they are within the students'

level of difficulty (see section 4.3) before they were administered to the students (see

Chapter Four, section 4). See Appendix C for the mathematics achievement test items

for the pre-test, post-test 1 and delayed post-test 1.

3.2 Case Study Design

Like Robson's (1993, p. 146) description of case studies, the present case study is 'a

strategy for doing research which involves an empirical investigation of a particular

contemporary phenomenon within its real life context using multiple sources of

evidence'. According to Stake's (1995, p. 3) definition, the present case study design is

an instrumental case study. With regard to the selection of cases, Stake (1995) cautions

that case study is not a sampling research and, in the instrumental case study, selecting

cases with our purposes in mind is likely to lead us to understandings, to assertions, and

perhaps to modification of generalisations. In addition, careful consideration is to be

made with regard to the uniqueness and contexts of the alternative selections for these

may aid or restrict our understanding.
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A limitation to case study research is that it is often seen as a poor basis for

generalisation. So, to gain the needed confirmation, to increase credence in the

interpretation, to demonstrate commonality of an assertion, data source triangulation

(Stake, 1995, p. 112) is used in this present study. Data source triangulation is defined

as a protocol to see if the phenomenon or case remains the same at other times, in other

spaces, or as persons interact differently (op cit p. 112). Stake (1995, p. 113) asserts

that it is an effort to see if what we are observing and reporting carries the same

meaning when found under different circumstances. In this study, two schools have been

selected so that the cases observed in the first school, the descriptions and eventually the

interpretation may be triangulated with the second school. In the case study design,

methodological triangulation (Cohen & Manion, 1994, p. 236), involving student

questionnaire and teacher interview schedule, is also used to check on the validity of the

students' metacognitive knowledge.

The techniques used to collect data for the case study design were: simple observation to

elicit students' think aloud protocols; semi-structured teacher interview; student

questionnaire; and use of school documents and students' records. In the following

section, issues with regard to these techniques will be discussed

3.2.1 Simple Observation and Think-Aloud Protocols

Observations of students' mathematical word problem solving form an integral part of

the research methodology. In this part of the study, where it is qualitative in nature,

simple observation allows for significant features of the phenomenon under study to

emerge. This involves observing behaviours which are observable. In the case of this

study, video-recording students' think-aloud protocols helps to establish an account of

the extent of students' metacognition as well as the patterns in which it is used.

i) Nature and Rationale

Think-aloud procedures were used to 'capture' and analyse students' covert

metacognitive strategies during word problem solving. They were used to provide a

glimpse at covert strategy activity that is not accessible in normal circumstances. In

Chapter Two, section 8, I have provided examples of how researchers have used the
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think aloud procedure to delineate students' metacognitive strategies during problem

solving. In this section, I will describe the technique used to 'capture' these strategies

and present how I have taken into consideration Green and other researchers' (Ericsson

& Simon, 1993; Green & Gihooly, 1996) advice to maximise the validity of video-

recorded concurrent verbal reports (see Chapter Two, section 8).

Green and Gihooly (1996) define protocols as detailed records of behaviour during a

task. In particular, verbal protocols, like think aloud protocols, are transcriptions that

are derived from recording students' speech while they are carrying out a task under

thinking aloud instructions. Instructions should encourage the students to verbalise

overtly all thoughts and actions that would normally be silent. In such instances,

students are not asked to explain or justify what they are doing and they are not asked

to report their strategies. Unlike one person protocol, students in pair or small group

protocols naturally tend to explain or justify their strategies to their peer(s) and this

helps the researcher to make inferences about cognitive strategies. In the present study,

students worked in pairs, and the instructions and probes of think aloud protocols were

restricted to 'Tell me what you are thinking while solving the word problem' at the start

of students' word problem solving and 'keep talking' when students paused for more

than 10 seconds while solving the word problem. The sustained verbalisations and non-

verbal behaviour records were video-recorded. The students were told to use ordinary,

everyday terms and concepts. The students were also encouraged to think aloud as if

they were talking to their peer and I remained out of view to avoid cueing the student.

This was crucial because during the preliminary study with two students (see section

4.2), a confused or puzzled look from my facial expression had prompted the student(s)

to provide extra explanations and this, according to Green and Gihooly (1996), distorts

the student's normal thought processes. Any instrument used to collect data is fallible,

hence, one needs to weigh the pros and cons of an instrument and choose the most

appropriate one based on one's research questions. Some cautionary steps were planned

and taken into consideration to prevent the pitfalls suggested by Green (1995), Green

and Gilhooly (1996), Garner (1988), and Ericsson and Simon (1993). For example, all

pairs were provided with warm-up sessions to familiarise themselves with overtly

verbalising all their thoughts. In addition, as mentioned, the students were grouped in
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twos to produce two-person protocols. This arrangement appeared to ease the pressure

on the students, for the burden of being uncomfortable in verbalising aloud, of having to

speak into a microphone, and of having to be observed by me while solving word

problems was shared between them. The conversation within the 'dyad' (see Chapter

Four, section 2.1) was able to make certain covert decision-making behaviours overt.

For the case study design, the word problem solving tasks were used to elicit students'

word problem solving behaviours. The word problem selection was guided by the

following criteria:

1. The word problems were selected from the topics Number and Fraction. Criteria for

choice of these topics were similar to those for the mathematical achievement test

items (see section 3.1);

2. The word problems have to be challenging enough to require and elicit metacognitive

behaviours while at the same time being within the students' (i.e. lower achievers)

capacity; and

3. The word problems need to contain a mixture of familiar word problems and genuine

'process' word problems so that initial success on the former can help put the

students at ease at the start of each think-aloud session.

The selected mathematics word problems for think-aloud sessions are listed in Appendix

C. All the word problems are carefully selected to prevent students from relying on

routine and automising procedures which do not need regulatory processes, and all of

them are arranged according to their level of difficulty.

ii) Students and Implementation Procedure

The students solving the word problems in WordMath were video-recorded to provide a

permanent record of word problem solving data and to allow for repeated study and

scrutiny of the data. Transcripts of students' word problem solving were analysed in

terms of students' levels of cognition during word problem solving. Provision was made

for the students observed to use a relatively sensitive boundary microphone attached to

a cam-corder so that their 'talk' could be recorded clearly. I am aware that recordings of
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any nature are difficult as there is the interference of noise to contend with. The position

where the video recorder was to be placed also needed consideration. I was able to try it

out in one of my pilot observation sessions with Singapore students (see section 4.2)

and the quality of recording was found to be relatively good. I also decided that the

cam-corder should be positioned behind the students, where students were using

WordMath, so that the diagram drawn and the solution typed into the working space

provided in WordMath could be captured (see Appendix I for some illustrations of

students' word problem solving). The students were also informed that they were given

about 25 minutes to solve each word problem. At the end of the 25 minutes, they

would be told to either stop working or provide a final statement to indicate their

solution. This imposed time limit was not to encourage the students to rush through

solving the word problems but to set a time limit for them to work towards solving the

word problem. Based on my observation of students solving word problems during the

pilot study in Singapore (see section 4.2), most students were able to solve the word

problems in less than 25 minutes. For those students who were not successful in their

word problem solving, giving them more time had not helped them in being successful in

their word problem solving. Hence, the time limit of 25 minutes to solve each word

problem was a reasonable period for each 'dyad' (see Chapter Four, section 2.1).

3.2.2 Teacher Interview and Student Questionnaire

For case study design, Creswell (1998) and Stake (1995) recommend that the researcher

should provide a detailed description of the case(s) and its/their setting in order to make

meanings in the analysis and interpretation of case(s). Hence, the analysis of the teacher

interview and student questionnaire data is an attempt to provide descriptive accounts of

the type of metacognitive knowledge students' bring to word problem solving sessions.

According to Robson (1993, p. 228), interview is a kind of conversation, a conversation

with a purpose. But this conversation, according to Cohen and Manion (1994, p. 271) is

one 'initiated by the interviewer for the specific purpose of obtaining research-relevant

information and focused by him on content specified by research objectives of

systematic description, prediction or explanation'. In the present study, a semi-

structured teacher interview (Robson, 1993, p. 231) was used, where I had worked out
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a set of questions (see Appendix D) but modified their order based on my perception of

what seemed appropriate at that time. This instrument was used on four teachers in two

primary schools, three teachers from School 1 and one teacher from School 2 (see

section 3.2.2 ii). For the student questionnaire, due to time constraints, instead of

interviewing the target students in the case study design, a self-completed questionnaire

(see Appendix E) was administered to target students (see Chapter Four, section 2.2.2)

from each school after the pretest was administered.

i) Nature and Rationale

The main aim of the teacher interview schedule (see Appendix D) and the student

questionnaire (see Appendix E) in this case study design is to elicit information about

the students' metacognitive knowledge (see Chapter Two, section 2). The student

questionnaire contains items drawn from Callanhan and Garofalo's (1987) suggestions

for questions which teachers might use to help students develop awareness. The student

questionnaire is linked to the word problems in the pre-test which the students would

have taken before answering the questionnaire. The questionnaire was designed:

1. To generate data about student awareness across the interactions of person, task and

strategy categories during word problem solving (Callanhan & Garofalo, 1987). For

example, person-by-task interactions are probed by asking students to rate in terms

of some of the word problem's familiarity and difficulty, together with their

confidence in the correctness of their solution. The person-by-strategy interactions

are probed by asking students to list usefill strategies (i.e. reading the word problem

carefully, checking the solution, writing down all the steps with the relevant working

statements) which may ensure their success in word problem solving. Finally, the

task-by-strategy interactions are probed by asking students to identify the type of

heuristics (i.e. drawing models) they would usually use in solving the kind of word

problems in the Singapore mathematics syllabus; and

2. To provide additional data on the students' word problem solving ability, enabling

inferences drawn from the think aloud protocols to be checked.
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In addition, interviews with the students' mathematics teachers 'triangulate' (Cohen &

Manion, 1994, P. 233) and provide support for the students' account of their word

problem strategy factors during word problem solving. The items from the teacher

interview schedule were drawn from the student questionnaire but rephrased in order to

elicit information from the teachers with regard to the target students' metacognitive

knowledge. These two instruments provide rich accounts of the students' metacognitive

knowledge of their word problem solving behaviours before the metacognitive training

sessions.

ii) Students, Teachers and Implementation Procedure

The target students (see Chapter Four, section 2.2.2) were chosen on the basis of their

1998 end-of-year Mathematics examination results. In School 1, the Mathematics

teachers and also form teachers, who taught the selected students in 1998 were

interviewed in December 1998. Two out of the three teachers were new to the school

and had only taught the students for less than four months. These two teachers admitted

that they did not know the students very well but would try to answer the interview

items as honestly as possible. The third teacher had taught the students for a year and

would be teaching the students again in 1999. In School 2, the Mathematics teacher was

interviewed in May 1999. She is the head of the mathematics department of the school

and had taught one of the classes since 1997 and the other class since 1998. All the

interviews were audio-recorded to provide permanent records so that they could be

transcribed and analysed.

The student questionnaire was conducted before the training sessions but after taking

the pre-test. This was because some of the items from the student questionnaire required

the students to refer to the word problem items in the pretest. The students were given

an hour to answer all the items in the questionnaire. Instructions began by explaining

what each item required them to write and how to fill in the columns below each item

(see Appendix E). The students were told to write as much as they could for each

questionnaire item.
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3.2.3 School Documents and Students' Records

The reports from the school documents provided an intellectual history to the study. The

students' academic records (i.e. the 1998 Mathematics end-of-the-year result) allowed

me to plan and allocate students to their respective pairs, higher achievers and lower

achievers (see Chapter Four, section 2.2.1a)), for the metacognitive training sessions

before the actual data collection proper.

4. Three Preliminary Studies and a Pilot Study

Wilson (1996) defines a pilot investigation as a small scale trial before the main

investigation. It is intended to assess the adequacy of the research design and of the

instruments to be used for data collection. He emphasises that piloting the data

collection instruments is essential. Preliminary studies of the student questionnaire (see

Appendix E), the metacognitive strategy (see Appendix F) used during the

metacognitive training sessions, and the mathematical achievement test items (see

Appendix C) were carried out before the pilot study.

4.1 The First Preliminary Study

The first preliminary study was implemented in May 1998. A student questionnaire was

sent to a former colleague with clear instructions on how the questionnaire should be

conducted. She conducted the session on seventy-eight 11-12 years old students from

two EM2 classes (see Appendix A). The purpose of this preliminary study was to

ascertain that the students understood the questions, as initially phrased, and that the

language used was appropriate; that Singapore 11 to 12-year-olds were able to identify

and articulate their awareness of their word problem solving processes in the written

form; to discern if they needed a particular type of prompting to aid them in answering

the items; and to ascertain that the items were ordered appropriately. The responses

from the questionnaire in the preliminary study on the whole yielded rich data with

regard to the students' perception of their own metacognitive knowledge (see Chapter

Two, section 2) and they were able to give appropriate reasons for their behaviours. I

was also able to describe most students' metacognition by extracting the students' word

problem solving strategy factors (person-by-task, person-by-strategy and task-by-

strategy interactions) during word problem solving (see section 3.2.2 i) with reference
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to the items in the questionnaire. Hence, this exercise indicated that the self-completed

questionnaire was a viable tool to elicit descriptive accounts of Singapore 11-12 years

old students' awareness of their metacognitive knowledge during word problem solving.

In the actual study, data from the teacher interview schedule complement the students'

description of their metacognitive knowledge. The following is an account of S's

metacognitive knowledge (from the first preliminary study) written by me based on the

data drawn from the student questionnaire items.

S believes (questionnaire data) that a major source of his errors is carelessness and
loss of concentration. His strategic awareness appears to be well developed, for he is
aware of the usefulness and relevance of strategies for careful reading and organising
information in the form of a diagram and systematic presentation of a solution.
Checking his written work is also constantly mentioned as crucial for successful word
problem solving. He is also aware that losing focus creates barriers to solving word
problems. In summary, the person and strategic components of S's metacognitive
knowledge (Gclifalo & Lester, 1985) appear to be fairly well developed as he
appreciates his abilities and weaknesses and has some understanding of the reasons.

4.2 The Second Preliminary Study

Metacognitive training using CRIME (see Appendix F) was conducted with two Year 7

higher achievers in Leeds in May 1998. They were trained to focus on their

metacognition using CRIME while solving word problems with paper and pencil. The

students were given two training sessions, each lasted for an hour, before they were

video-recorded while solving four word problems. The purpose of this second

preliminary study was to explore if CRIME was a conducive strategy to promote

students' metacognitive awareness during word problem solving; and to see if students'

cognitive processes during word problem solving could be detected and categorised

using Schoenfeld's (1985) episodic framework.

This preliminary study helped me confirm the virtue of letting students solve word

problems collaboratively. This was because the students, J and A, were engaging in the

three processes, articulation, conflict and co-construction identified by Crook (1995) in

social interaction during collaborative word problem solving (see . Chapter 2, section 7).

I also observed that changes needed to be made in CRIME. For example, under the

'RECALL possible strategies' category, there is a need to extend the possible strategies.

Hence, possible strategies were included in the 'RECALL possible strategies' category,
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namely: Draw (solve by drawing models/diagrams); Small (simplify problem using small

numbers); Parts (solve part(s) of the problem first); Before (use before-after concept);

and Backwards (solve by working backwards) (see Appendix F). Then, the heading for

CRIME was modified to a nonsensical sentence that read: 'It is a CRIME to draw small

parts before backwards' where it is hoped that the 'draw small parts before backwards'

would remind students of the possible strategies during word problem solving.

In the second preliminary study, the analysis of the students' think aloud protocol data

also revealed that these students' word problem solving enterprise could be detected

and categorised in Schoenfeld's episodic framework. The exercise to categorise the

students' protocol data into episodes was eventful, and interesting results emerged from

this exercise. It was observed that the students' word problem solving process was

similar to the descriptions provided by Schoenfeld's (1985) study of an 'expert' problem

solver. The students' timeline representation while solving the BOTTLE (see Appendix

C, number 2, F2) word problem is shown in Figure 3.1. The descriptions of the episodes

(Schoenfeld, 1985) in Schoenfeld's episodic framework are summarised in Table 3.1.

See Schoenfeld (1985, p. 297 to 301) for a fuller account of the definitions of the

episodes.

Episode Descriptions

Reading This episode begins when a student starts to read the problem

statement aloud. It includes:

1. silent rereading of the problem;

2. vocal rereading of the problem; and

3. verbalisations of parts of the problem statement.

Analyse (well structured, stick

closely to the conditions or

goals of the problem)

In this episode, the student makes an attempt to understand the

problem fully; to select an appropriate perspective and to

reformulate the problem in those terms; and to introduce for

consideration whatever principles or mechanisms that might be

appropriate.
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Exploration (less structured

and is further removed from

the original problem)

In exploration, the student makes a tour through the problem

space to search for relevant information that can be incorporated

into the analysis-plan-implementation sequence. The student

may also use a variety of problem solving heuristics - the

examination of related problems, and the use of analogies.

In this episode, students might engage in local or global

assessments. They are identified as New Information/New

Procedure and Local Assessment.

New Information points are subdivided into two types:

1. points where previously overlooked or unrecognised

information came to light; and

2. points where the possibility of using a new procedure is

mentioned.

Local Assessment include:

1. assessing the current state of the problem solver's knowledge

(what is known/not known);

2. procedure (checking accuracy of execution, assessing

relevance or usefulness); and

3. result (assessing accuracy or reasonableness).

Planning-Implementation In this episode, the student overtly makes a structured plan and

the implementation of the plan is orderly. The student also

monitors his/her process with feedback to planning and

assessment at local and/or global levels. These are the same as

New Information/New Procedure and Local Assessment.

Verification In this episode, the student reviews partial or final solution; tests

his/her solution in some ways; and assesses his/her solution,

either with an evaluation process, or an assessment of

confidence in the result.
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Transition is a juncture between episodes where the

metacognitive decisions (or absence) will make or break a

solution. In this episode, the student makes an assessment of the

current solution state. If a solution path is abandoned, the

student makes an attempt to salvage or store things that might

be valuable in it. There might be an attempt to identify the local

and global effects on the solution of the presence or absence of

assessment as previous work is abandoned. The student might

also make an assessment of the short and/or long term effects on

the solution of the new direction.

Table 3.1: Summary Table of Schoenfeld's Episodic Framework
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Figure 3.1: A Timeline Representation ofJ and A solving the BOTTLE Word Problem

4.3 The Third Preliminary Study

The final preliminary study was conducted at the end of the 1998 academic year in

Singapore. The purpose of the third preliminary study was to elicit suitable word

problem items for the mathematical achievement tests in the quantitative study. One

hundred 11-12 year old students solved twenty word problems on four separate

occasions. These word problems were randomly ordered. The students were given half
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an hour to solve five word problems during each session. I conducted these sessions and

similar instructions were given to these students on the four occasions. During each

session, the students were told the amount of time given to solve the five word

problems; they were encouraged to solve all the word problems; they were also

encouraged to use the model approach to solve the word problems; and they were told

to proceed to the next word problem if they had difficulties on the previous one and

returned to it when all the word problems were solved. I found this third preliminary

study fruitful as analysis of the items revealed that nine out of twenty word problems

were suitable for the quantitative study. This is because the values of the Facility index

for the suitable nine word problems lie between 0.3 and 0.7 while those for the

Discrimination index were above 0.3, and according to Kubiszyn and Borich (1990),

these values are acceptable. Due to time and logistic constraints, I had to take the tenth

word problem from the students' Mathematics workbook (Curriculum Development

Institute of Singapore, 1996). This constituted the ten word problem items for the

mathematics achievement tests in the quasi-experimental design. See Appendix C for the

ten word problems in the pre-test, post-test 1 and delayed post-test 1 for the

quantitative study.

4.4 The Pilot Study

The pilot study was implemented in November 1998 in a Singapore primary school. The

purpose of the pilot study was three-fold. I wanted to observe how Singapore 11 to 12-

year-old higher achievers and lower achievers used CRIME (see Appendix F) to solve

word problems with and without WordMath. I also wanted to see if I could identify the

Singapore students' metacognitive behaviours during word problem solving using

Schoenfeld's episodic framework in the same way as in the second preliminary study I

had conducted in Leeds (see section 4.2). Finally, I also wanted to observe if there really

existed a difference in the metacognitive behaviours between students of different levels

of mathematical achievement. Four pairs of higher achievers and lower achievers

participated in this pilot study in Singapore, samples which in some ways represented

the population which was to be used in the actual study.
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The instruments used in the piloting were the CRIME strategy (see Appendix F) and

word problem items (see Appendix C) in WordMath. The results of this pilot study

raised three issues. First, CRIME was again observed to be a suitable strategy which

enabled students to become aware of their metacognition during word problem solving.

It was observed that students, higher and lower achievers, who were explicitly trained to

use CRIME, demonstrated more occasions of monitoring activities compared to those

who were not using CRIME. This observation appeared crucial, but Schoenfeld's

episodic framework appeared to have limitations in demonstrating this difference. This

limitation was also addressed by Artzt and Armour-Thomas (1992) who noted that

Schoenfeld's framework was not able to identify statements made about the problem

(the more 'local' indications of metacognitive behaviour). As a result, as Schoenfeld

(1985, p. 293) admitted, the framework could not address the important role that

consistent monitoring and evaluation of solutions play in the problem solving process.

Next, it was interesting to observe from the think aloud protocol data that the higher

achievers, with or without metacognitive training, had problem solving behaviours

which were similar to Schoenfeld's description of an expert's problem solving activity,

in that they analysed the word problems thoroughly before implementing their strategies.

However, the Singapore higher achievers demonstrated a more systematic progression

of word problem solving activity (i.e. Read 4 Analyse 4 Plan 44 Implement 4 Verify)

throughout their word problem solving compared to Schoenfeld's (1985, p. 312)

description of the 'expert's' problem solving activity. The word problem solving activity

of the BOTTLE (see Appendix C, number 2, F2) word problem by a pair of Singapore

higher achievers is shown in Figure 3.2.

From the analysis of the students' protocol data, I again observed that there appeared to

exist a difference in the length of time word problem solvers devoted to the different

episodes, and it appeared that this difference influenced their success in word problem

solving. At the end of the pilot study, my dilemma was how to explicitly demonstrate

this interesting phenomenon which I felt Schoenfeld's episodic framework would not be

able to do so.
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Figure 3.2: A Timeline Representation ofJ and KY solving the BOTTLE Word Problem

4.5 Summary of the Three Preliminary Studies and the Pilot Study

The three preliminary studies and the pilot study were useful activities in that they

helped me identify some of the possible issues to focus in the actual field work and I was

able to redefine, modify and refine the instruments for the actual study. Yin (1989) says

that pilot studies help investigators to redefine their data collection plans with respect to

both the content of the data, as well as the procedures to be followed. The four issues

that needed attention in the actual fieldwork were as follows:

1. In terms of the metacognitive strategy with CRIME, I realised that I needed to be

more explicit in my instructions and use more examples to lead students to

understand and see the importance of being aware of their own thinking process

during word problem solving;

2. I also realised that training students to think aloud was important if I wanted to elicit

observable data. Hence, training to think-aloud was reconceptualised as important

and should take precedence, unlike initial planning to make think-aloud sessions short

and concise;

3. I was also challenged to re-think the way higher achievers in Singapore primary

school students solve word problems. The progression of their word problem solving

activities appeared to be different from those of the 'experts' described by Schoenfeld

and the students in Leeds; and
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4. I had to reconsider an alternative method of analysis to demonstrate that the length of

time students devoted to each episode in Schoenfeld's episodic framework was

critical to their word problem solving outcome.

5. Summary

In this chapter, I have discussed the nature and rationale for adopting a scientific and

exploratory-interpretive approach for this study. As I am interested in testing hypotheses

to investigate the effect of metacognitive training on students' mathematical word

problem solving performance and exploring the role of metacognition in word problem

solving, I found that the approaches suited the purpose of my research. I then went on to

discuss some of the main methods or techniques of data collection planned for the

fieldwork, which included: mathematical achievement tests during pre-test, post-test and

delayed post-test; simple observations to elicit students' think aloud protocol data;

teacher interviews; and student questionnaires. I also gave my rationale as to why I

chose to use these instruments. While the mathematical achievement tests were used to

test hypotheses and make generalisations of students' mathematical word problem

solving performance, simple observations were aimed at eliciting data which would be

useful for the process of comparing students' word problem solving behaviours, and the

teacher interview schedule and student questionnaire were aimed mainly to provide a

historical context of students' metacognitive knowledge before the treatment. This was

followed by a report of the three preliminary studies conducted in a Leeds secondary

school and in a Singapore primary school, and a pilot study conducted in a Singapore

primary school, and the issues for the actual study were raised.

Chapter Four documents the implementation process which involves the sampling

method, the intervention period and data collection during the five months of fieldwork

carried out in two Singapore primary schools. The issues with regard to the approach of

data processing for the quasi-experimental study and case study will also be discussed.

This includes how the mathematical achievement test data is analysed using two

statistical techniques; and how the students' think-aloud protocol data is coded,

categorised and analysed. The results of these data analyses will be presented in Chapters

Five and Six. This will be followed by the discussion of findings of the mathematical
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achievement test, think aloud protocol, teacher interview and student questionnaire data

in Chapter Seven.
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Chapter Four
Data Collection and Data Analysis

1. Outline of the Chapter

This chapter documents the data collection during the five months of fieldwork (from

January to May 1999) in two Singapore primary schools and how the data is analysed.

Chapter Three provided the rationale for the quasi-experimental and case study designs

and the rationale for the types of instruments used. This chapter continues with a

description of how the data was collected and briefly describes the issues with regard to

how the data was analysed and processed. In section 2, I will discuss the sampling issues

with regard to the quasi-experimental and case study designs. Then, in section 3, a

review of the instruments for the actual data collection will be reported. This is

followed, in section 4, by a description of the intervention process and the data

collection used in the quasi-experimental study and the case study. Finally the issue of

analysing the data will be discussed in section 5.

2. Sampling and Rationale for Choice of Schools and Students

This section gives a brief account of the nature of sampling, i.e. the selection of schools

and classes as well as the students involved. It also seeks to give a rationale for the

choice of sampling. In this study, it was not possible to have a pre-structured approach

to sampling as the selection finally depended on the availability of classes and students

and my own resources.

2.1 Rationale

According to Cohen and Manion (1994, p. 89), 'the correct sample size depends upon

the purpose of the study and the nature of the population under scrutiny'. The

quantitative study is inferential in nature, so the sample should be large enough so that

empirical generalisations can be made from the sample selected to the population from

which it comes (Robson, 1993, p. 154). However, due to constraints of time and logistic

considerations, I had to base my research on two Singapore primary schools. Hence,

sampling of students in the two schools in the quantitative study is stratified (Cohen &

Manion, 1994, p. 87) where the students from the classes were stratified into similar
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academic profile groups, each group containing either higher achievers or lower

achievers. On the other hand, the qualitative study is broadly exploratory in nature, so it

was not my intention to go for a large sample as the concern is with depth and not

breadth. Moreover, my concern for the qualitative study is with theoretical inferences

from the data collected. Hence, the sampling for the case study design is purposive

(Cohen & Manion, 1994, p. 89) where the sample size is limited to four pairs of higher

achievers and four pairs of lower achievers. From this point onwards, two students who

worked collaboratively on word problems will be referred to as a 'dyad'.

2.2 Sampling: schools, classes and students

The scope of this study covers Singapore primary schools. The schools and classes

chosen were based on the following criteria:

1. homogeneous school population in terms of the gender composition of students; and

2. EM2 classes (see Appendix A).

It was extremely difficult to enlist schools for this study because of the commitment

needed. Ten schools which met the above criteria were approached about taking part in

the research. Some declined because they felt they could not accommodate the request

of using the computer resources for two consecutive weeks; some because the target

students needed to spend time preparing for the PSLE (see Appendix A). Eventually,

two schools, labeled School 1 and School 2, consented to participate in the research.

However, School 2 did not meet the above criteria, as it is a co-education school, and

only two classes were able to be involved in the study, one of which was an EM2 class

and the other an EM1 class (see Appendix A). According to the head of department, the

EMI class was the 'second best' in the school. Given these two classes, I anticipated that

having an EMI class in the study would contribute to the threats of internal validity

(Cook & Campbell, 1979, p. 51).

In performing the analysis on quantitative data in quasi-experimental designs, Cook and

Campbell (1979) recommend that the researcher should explicitly try to rule out as many

potential biases as possible. According to them, this usually entails multiple analyses of
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the data, with each analysis aimed at estimating the effects of different patterns of

potential biases (Cook & Campbell, 1979, p. 200). Robson (1993) also sees the virtue of

'bracketing' the effect of a treatment by using a variety of different but reasonable

techniques of analysis. According to him (Robson, 1993, P. 366), the purpose is to seek

to eliminate, or at least try to reduce, the effect of selection and other threats through the

design of the study rather than relying on the statistical analysis removing their effects.

Hence, I propose that in the present study, two forms of analyses, (i) repeated measures

three-way analysis of variance (Cook & Campbell, 1979, p. 175) where students are

blocked (see Appendix K) according to the school factor, and (ii) repeated measures

two-way analysis of covariance (Cook & Campbell, 1979, p. 153) should be employed to

analyse the quantitative data in order to address the issues of reliability and validity.

These forms of analyses will be described more fully in section 5.1. The following sub-

sections will first describe the two quasi-experimental designs which use the two

techniques of analyses as mentioned above to analyse the quantitative data, and then the

last sub-section will describe the case study design which will be used to analyse the

qualitative data.

2.2.1 The Quasi-experimental Designs

A total of 142 Primary 6 (11-12 years old) students from School 1 and School 2

participated in the study. The students from the two Primary 6 EM2 classes from School

1 and the two Primary 6 classes, one EM1 and one EM2, from School 2 were assigned

to two conditions:

1. Treatment: students who received metacognitive training, underwent

cognitive apprenticeship instruction in a computer

environment, and were engaged in collaborative learning

during mathematical word problem solving; and

2. Control: students who did not receive metacognitive training but

underwent cognitive apprenticeship. instruction, and were

engaged in collaborative learning during mathematical word

problem solving.
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All students from the treatment and control classes were ranked and stratified (Cohen &

Manion, 1994, P. 87) into similar academic profile groups, labeled as higher achievers

and lower achievers, based on their 1998 end-of-the-year Mathematics examination

result. Higher achievers comprised of students with Mathematics score of 75% and

above, while lower achievers comprised of students with scores between 50% and 74%.

This was in accordance to the categories of the scores in the PSLE grading system (see

Appendix A). These pairs worked collaboratively during the metacognitive training

sessions.

The following sub-sections describe how the students were assigned to the two quasi-

experimental designs for data analysis purposes. The first quasi-experimental design will

employ the repeated measures three-way analysis of variance (Chapter Five, section 3)

where the students are blocked according to the school factor, while the second quasi-

experimental design will employ the repeated measures two-way analysis of covariance

(Chapter Five, section 4) to analyse the quantitative data.

a) Quasi-experimental Design 1

In the first quasi-experimental design, the students are blocked according to the school

factor (see Appendix K). By blocking the students according to School 1 or School 2, I

am presuming that there is a school effect. Since I had no control on the selection of

school and I had anticipated the potential biases that might occur with the presence of

the EMI students in School 2 (see section 2.2), blocking the school factor is an attempt

to separate the treatment effect from the effect of selection differences. For example,

there is a possibility of a significant difference in mathematical word problem solving

which is connected with the school factor. However, I would probably not be able to

make definitive causal statements about the effect. This is because the school factor

represents a variety of variables, from institutional policy to cultural factors, and it

correlates with many other variables. Hence, blocking the samples according to the

school factor is a way to increase the statistical power (Newton & Rudestam, 1999, p.

70) of the analysis.
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Consequently, quasi-experimental design 1 first involved blocking the students according

to the school factor, School 1 or School 2. The students from the treatment class in

School 1 were ranked and then stratified (see section 2.2.1) into similar academic profile

groups, labeled as higher achievers and lower achievers, based on their 1998 end-of-the-

year Mathematics examination result as mentioned above. This process was repeated for

the students in the control class in School 1. The stratification technique, to separate the

students into higher and lower achievers in School 1, was again carried out on students

from the treatment and control classes in School 2. Hence, the eight groups, treatment

(T) with higher achievers (HA) and lower achievers (LA), and control (C) with higher

achievers and lower achievers in School 1 (Si); and treatment with higher achievers and

lower achievers, and control with higher achievers and lower achievers in School 2 (S2),

form the samples for the quasi-experimental design 1 (see Appendix K). However,

throughout the whole study, other students who were not involved in the quasi-

experimental design 1 were also included in the metacognitive training. These students

also took the mathematical achievement tests: pre-test, post-test 1 and delayed post-test

1, but their results were not considered during the data analysis for design 1. This was to

minimise the Hawthorne effect (Jaeger and Bond, 1996, p. 882): situations in which the

treatment group might perform better than was typical because of the novelty of the

treatment and the special attention they received. In the matrix table (Table 4.1) shown

below, five students were assigned to the different conditions, making a total of 40

students for the quasi-experimental design 1.

School 1 School 2
Treatment Control Treatment Control Total

HA 5 5 5 5 20
LA 5 5 5 5 20
Total 10 10 10 10 40

Table 4.1: Quasi-Experimental Design 1

Repeated measures three-way analysis of variance where students are blocked according

to the school factor will be used to analyse the quantitative data of quasi-experimental

design 1 (see Chapter 5, section 3).
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b) Quasi-experimental Design 2

The students from the two Primary 6 EM2 classes from School 1 and the two Primary 6

classes, one EM1 and one EM2, from School 2 were assigned to either treatment or

control classes as described above. The students from the treatment classes in School 1

and School 2 together were ranked and then stratified as a whole into higher and lower

achiever groups based on their 1998 end-of-the-year Mathematics examination result as

described above. This stratification technique on the treatment students was repeated for

the students in the control classes in School 1 and School 2 together. Hence, the four

groups, treatment (T) with higher achievers (HA) and lower achievers (LA), and control

(C) with higher achievers and lower achievers, form the samples for the quasi-

experimental design 2 (see Appendix K). Like the students in the quasi-experimental

design 1, there were other students who were not involved in the quasi-experimental

design 2 who were also included in the metacognitive training and took the mathematical

achievement tests. In the matrix table (Table 4.2) shown below, twenty-five students

were assigned to the different conditions, making a total of 100 students for the quasi-

experimental design 2.

Treatment Control Total
HA 25 25 50
LA 25 25 50
Total 50 50 100

Table 4.2: Quasi-experimental Design 2

Repeated measures two-way analysis of covariance will be used to analyse the

quantitative data based on quasi-experimental design 2 (see Chapter 5, section 4).

2.2.2 The Case Study Design

For the case study design, a 'dyad' (see section 2.1) of higher achievers and a 'dyad' of

lower achievers from the treatment and control classes in each school were selected and

their metacognitive behaviours during word problem solving compared. This meant that

there were two dyads of higher achievers and two dyads of lower achievers from each

school participating in each condition. The case study design is shown in Table 4.3.


