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ABSTRACT

The influence of students’ and teachers’ mathematics-related beliefs on students” mathematics
performance was investigated in a sample of 620 ninth grade students and 46 mathematics
teachers from Vietnam. The beliefs of the students were investigated using a 76-item, 4-point
Likert scale Mathematics-Related Beliefs Questionnaire for Students (MBQ-S), while a 61-item
Mathematics-Related Beliefs Questionnaire for Teachers (MBQ-T) was used to investigate the
beliefs of the teachers. The questionnaires included items investigating beliefs about the certainty
of mathematics knowledge, the usefulness of mathematics, mathematical problem-solving, the
role of effort, mathematics ability, self-efficacy, and mathematics teaching. Students’ mathematics
performance was determined by using students’ scores in the district mathematics exam as well as
by analysing their performance in two specially designed mathematics tests: one curriculum-
based, and the other based on the OECD PISA assessment. The latter test was intended to

investigate the transferability of mathematics knowledge to real-world contexts.

Confirmatory Factor Analysis was applied to assess each students’ belief construct in the process
of obtaining the best measurement model, followed by structural equation modelling to
investigate the influence of beliefs on the students’ performance. The best structural model
revealed a complex pattern of interrelationships amongst beliefs, with beliefs about the nature of
mathematics influencing beliefs about mathematics ability. Beliefs about mathematics ability were
direct positive predictors of self-efficacy beliefs in mathematics which, in turn, were direct positive

predictors of mathematics performance in all three tests.

Some of the most notable findings were the following: beliefs that mathematics knowledge is
certain and unchangeable were direct positive predictors of beliefs that mathematics problem-
solving is about memorising procedures. In contrast, beliefs that mathematics knowledge is useful
were direct positive predictors of beliefs that mathematics problem-solving is about
understanding procedures. Beliefs that problem-solving is about understanding procedures were
direct positive predictors of beliefs about mathematics ability. The results also showed that
students’ perception of their teacher practices influenced their beliefs that effort is important to
improve mathematics learning, which, in turn, were direct positive predictors of beliefs about

mathematics ability.



The results revealed that the Vietnamese students tended to agree with statements indicating
that mathematics is useful and that effort is important to improve mathematics learning. They had
high self-efficacy and positive perceptions of their teachers’ practices. An investigation of the
differences between low and high performers in the test based on the OECD PISA exam revealed
statistically significant differences. The high mathematics performers were more likely to agree
with statements indicating that mathematics knowledge is not certain and absolute, that
mathematics is useful, that problem solving is more about understanding than memorisation and

statements indicating high self-efficacy in mathematics.

The data showed that the Vietnamese teachers held inconsistent beliefs about the certainty of
mathematics knowledge, mathematical problem solving, students’ mathematics ability, and
mathematics teaching. Multilevel structural equation modelling showed that teachers self-efficacy
beliefs were direct positive predictors of their students’ mathematics performance. The model
also showed that teachers’ beliefs that mathematics knowledge is malleable were direct positive
predictors of their beliefs that mathematical problem-solving is about understanding procedures.
In turn, these beliefs directly predicted teachers’ beliefs in the constructive teaching of

mathematics.

The research revealed a meaningful pattern of complex relationships between the mathematics-
related beliefs of students and their teachers on students’ mathematics performance, enhancing
and clarifying previous research findings with both theoretical and practical significance. The
research also provided valuable information for Viethamese stakeholders about mathematics

learning and teaching in Vietnam.



TABLE OF CONTENTS

Y= Y 1V I
LIST OF FIGURES ...ttt ssssss s s ss s s s s s s s s ss s s s s s s s s s s s s s s s s s s s s s s s s s s ssssssssssssssssssnsnes Vi
LI 0 T 7Y = Vil
DECLARATION ... .ottt s ssssss s s ss s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s e s s s s ssssssssssssssnsnsnsssssssssssnes Vil
ACKNOWLEDGEMENTS.......coiiiiiiiiiiiiiiiisssssssssssssssssssssssssssssssssss s s s s s s s s s s sssssssssssssssssssssssssssssssssas IX
ABBREVIATIONS.......cciiiiiiiiiiiiiiisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes X
CHAPTER 1 INTRODUCTION ....ccuuuuummunnnnnnnnnnnnnniiiniiiiiiiiiisiisiiiiiiiiiiiiissiiii .. 1
1.1 Statement of the ProblemMi..... e 1
1.2 Research design and methodolOgY .........cocciiiiiiiiiiiiiiee e 3
1.3 Significance of the reSEArC ......uuiii i e 4
1.4 Structure of the present reSEaArCh ... .uuviiciiie e e 6
CHAPTER 2 LITERATURE REVIEW ......cccuuuuuiiiiiiiiiiiiniiiiiiiiiiiiiisssssssssssssssssssssssssssssssssssssssssnes 7
2.1  Research on mathematics-related affect........ccoceeieiieniiiniie e, 7
2.2 Empirical frameworks of students’ mathematics-related beliefs..........ccocveeveiieiiiinnnns 14
2.2.1  Schoenfeld’s work on mathematics-related beliefs.........ccocceeriiiiiiiiniiniieee, 15
222 UNnderhill’s frameWork ........ooouii i 17
2.2.3  McLeod’s frameWOIK ........cocuiiriiriiieniieiee s 18
2.2.4  Pehkonen’s frameWOrK .........ccocueiiiiiiiiiiienecee e 19
2.2.5  Kloosterman’s frameWOrK..........coceiruiiiierieiee e 20
2.2.6 Op’t Eynde et al.’s frameWOrK ........coooiieiiee e 21

2.3 Research on specific constructs of mathematics-related beliefs .........cocecviiiieeiiiininnnee. 25
2.3.1 Beliefs about the certainty of mathematics knowledge........ccccceeevieciiiiiieeeeiceee, 25
2.3.2  Beliefs about the usefulness of mathematics ...........cccoeieiiiieiiiiinie, 34
233 Beliefs about mathematical problem-solving........ccccccoeieiiiiiiiiiei e, 37
2.3.4  Beliefs about the self as a mathematics learner........c.cccooveeienenieencccee 41
2.3.5  Students’ perceptions of teachers’ Practices .......ccovvveeeeiieiieiiiiiieeeeeee e e 46
2.3.6  Differences in mathematics-related beliefs research.........ccccoooiniiiiiiiininiee 48
2.3.7 SUMIMIAIY 1etiiieteteeeeetitere e e et ettt e s e e e e et e eetb b eaeeeeeeeeataaa s e seeesaaessbaaasseeesanesssanssseseessnnessanns 50

2.4  Teachers’ mathematics-related beliefs ... 52

2.4.1  Teachers’ mathematics-related beliefs and their influence on teachers’ practices ...52

2.4.2 Teachers’ mathematics-related beliefs and their influence on students’ mathematics

(01T oY 30 F=1 o Lol T PRSP UP 57
2.5 Relevant research in VietNami........oouueeeeiiiiiieeeeeeee ettt e e e et e s e e e eneeas 59
B ST U [0 ] ¢ = Y2 UURSNS 62



CHAPTER 3 THE PRESENT RESEARCH ......cccevuuuuiiiiiiiiiniinnnnniiisiiniinnnsssssssssssssnmesssssssssssssssnssssnnes 64
3.1 The Purposes and Research QUESTIONS ........ceieiiiiiecieiiiieee et e e e e e e e e e 64

3.2  Students’ and Teachers’ mathematics-related beliefs investigated in the present research

65

3.2.1  Students’ mathematics-related beliefs investigated in the present research ............ 66
3.2.2  Teachers’ mathematics-related beliefs selected to be investigated...........ccccccuu.... 69
3.3 Mathematics PerformancCe.........coouiiiiiiiiiiii e s 71
3.4 The mathematics education context in Vietnam .........ccoceeviiiiniiiniinicce e 71
3.5 Hypotheses of the Present RESEArch .........cccuuiiiiiiiiiiiiiiie e 75
I YU [ 10 4 1 =1 OO PP PP PP PP RRRPPPPPPPPPPPIRE 77
CHAPTER 4 IMETHODOLOGY .....cuuuuuuuuuunnnnnnnnnnnnnnienniiiisissssssssssisissssssssssssssssssisssssssssssssssssssnnees 78
R < | 1 [T oY= NS 78
.11 STUAENTS et 78
4.1.2  MathematiCs tEACNEIS ...c.cuuii i e 79
4.1.3 RECIUITMENT PrOCESS oo 80
A o Co 1ol =T [V T PP PT TP 81
4.2.1  Procedures for STUAENTS......ccociiiiiiieiiie ittt st 81
4.2.2  Procedures for tEACNEIS......cccuii it 82
e N |V - 1 (=T 4 =1 TP TPT PRI 82
4.3.1 Considerations related to the development of the MBQ-S and MBQ-T ..................... 82
4.3.2 Mathematics-Related Beliefs Questionnaire for Students (MBQ-S) ......cevvveeeivirnnneee. 84
4.3.3 Mathematics-Related Beliefs Questionnaire for Teachers (MBQ-T).....cccceveeeevvennnneee. 95
4.3.4  Assessments of students’ mathematics performance.........ccccoevevvveeeeeiieeiicccnneeeennen. 101
4.4 StatistiCal PrOCEAUIES .....cuiiiiieeeete et 107
4.4.1  Structural EQUation MOdeIIING .......eeeiiiiiiiiciiieeee e 107
4.4.2  Confirmatory FActor ANGIYSiS...ccciuueeeiiiiiiieiiiieeeieeeeeeeiirreree e e e e eererrreeeeeeeeeeseanrreneeeeens 110
4.4.3 Multilevel structural equation modelling ..........ceeeveiiiiiccii e 113
I (VT4 010 o - | V2SO PP OUPPP PP 113
CHAPTER 5 RESULTS ..ceuuuiiiiinnnnnnnnunnnnnunenteeseassssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes 114
5.1  Analysis of StUAENT Data ....c..uuviiiiieeii et e e e e e e e annr s 114
5.1.1 Preliminary data @analysis ... 114
5.1.2  Measurement MOGEIS.......cccuiiiiiiiieiieeiieree et s snee 116
5.1.3  The profiles of the Vietnamese students’ mathematics-related beliefs.................... 125
5.1.4  Assessment of mathematics performancCe ......ccocovvveeeiiiiiiiiiciiieeeee e 131

5.1.5  Structural models to investigate the influence of students’ mathematics-related
beliefs on their mathematics PerformManCe.... ... 135
5.1.6  Summary of analysis of student data .........cccceeiiiiiiiiiiiii 140



5.2 ANalysis OFf TEACNEI Data ...ccccvviieiieiieiiiiiiiieeeee e eeceirrree e eesearrer e e e e e s sesanbbareeeeeseeennsssseens 140
5.2.1 Validation Of the IMBQT .oeeeeeeeieeeeeeeeeeee ettt e et ettt e e s e e eeeesasnaeesseeeeeesennnaas 141
5.2.2 Characteristics of Vietnamese teachers’ mathematics-related beliefs..................... 145

5.2.3  SEM multilevel structural model to investigate the influence of teachers’

mathematics-related beliefs on students’ mathematics performance ........cccceeevciveeeecnneenn. 151
ST T 0] 0 - [ V2 155
CHAPTER 6 DISCUSSION AND CONCLUSIONS.......cccettttmennnniiinnninnnennnssssssssnsssssnsssssssssssssssnnnes 157
6.1  Vietnamese students’ mathematics-related beliefs and the influence of these beliefs on
their mathematics PErformManCe ......cuviii i e s 157
6.2  Vietnamese teachers’ mathematics-related beliefs and the influence of these beliefs on
students’ mathematics PErformManCe.....cuuiii i 167
6.3  Implications for the teaching and learning of mathematics in Viethnam ..............co.......... 173
6.4  Significance, limitations of the research and future directions..........ccecccevvveeeeiieenccnnnee. 175
TR T o] o Tol [V o] o FJ PP PRSPPI 176
APPENDICES.....ccittuuuiiiiiiiiiitnnnnniiiiniiieesssssssssssmsmimesssssssssssssssssssssssssssssssssessnsssssssssssssssssnssssssss 179
Appendix A: Research Ethics APProval...........eeeeei oo e e e e eerareee e 179
Appendix B: Letter of Introduction for Department of Education and Training ..........cccveenneee. 180
Appendix C: Letter of Introduction for School PrincipalS........cccccoviiieieeiiiicccieeee e, 181
Appendix D: Information Sheet for Mathematics Teachers .......cccvveeeeeiieieciiiieeeeeee e, 182
Appendix E: Information Sheet fOr PAr&nts .........coovccciiieeeeee et 184
Appendix F: Descriptive Statistics 0f MBQES.......cooiiiiiiiiieieeee et eetrreee e e e e e nrrereee e 186
Appendix G: Descriptive Statistics Of MBQ-T .....ccooiiiiiiiiieiee e eeeeerrrree e e e e e e seeanrrereeeeees 190
REFERENCES.....cuuuiiiiiiiiiitiinnnniiisiiineesesssssssissiinessssssssssssssmsssssssssssssssssssssnsssssssssssssssssnssssssssssanns 194



LIST OF FIGURES

Figure 1.1: The research process of the present reSEarch .......ccueivvciiii i 3
Figure 2.1: Fennema’s model of affective factors (Fennema, 1989, p. 217)...cceeccereieieccreeeiieecee e 10
Figure 2.2: DeBellis & Goldin’s tetrahedral model of affective factors (DeBellis & Goldin, 1997, p. 213) ..... 10
Figure 2.3: A model of conceptions of the affective components (Leder & Grootenboer, 2005, p. 2) .......... 11
Figure 2.4: Op’t Eynde’s structure of the affect components (Hannula et al., 2007, p. 204) .......c.ccovvevevenee. 12
Figure 2.5: Three dimensions for a metatheory of mathematics-related affect (Hannula, 2012, p. 144)...... 13
Figure 2.6: Students’ beliefs about the nature of mathematics (Schoenfeld, 1992, p. 359) .......cccceevvreenneee. 17
Figure 2.7: Kloosterman’s model of beliefs/motivation/achievement (Kloosterman, 1996, p. 134) ............. 20

Figure 2.8: Op’t Eynde et al.’s framework of mathematics-related beliefs (Op’t Eynde et al., 2002, p. 27) .. 22

Figure 3.1: Structure of the Vietnam national education system (C. L. V. Le, 2009, p. 221) ...ccccvvveeerrreeennnen. 72
Figure 3.2: Proposed model of the present r@S@arch..........eee e ccciee e e e e e 76
Figure 5.1: Distribution of the students’ scores in the district @Xam .........ccccoccieiieciiee e 132
Figure 5.2: Distribution of the students’ scores in the curriculum-based test.........cccccceecireeeccieececciee e, 132
Figure 5.3: Distribution of the students’ scores in the PISA-based test..........ccoceieevieeiiciiee e 133
Figure 5.4: Results of the first structural model investigating the influence of mathematics-related beliefs

on students’ Mathematics PEIrfOIMANCE ..........ooi i e e et e e et ae e e e be e e e e aaaeee s 136
Figure 5.5: Results of students’ structural Model 2............oei i 139
Figure 5.6: Structural model of teachers’ mathematics-related beliefs ........ccccooeeiiiiciiiiccie e, 152
Figure 5.7: Structural model of students’ and teachers’ mathematics-related beliefs .........ccocceeenieennnee. 154

Vi



LIST OF TABLES

Table 2.1. Frameworks of Mathematics-related beliefs ..o 24
Table 4.1: Sample of research participants—ninth grade students .......cccccceeeiiiiii i 78
Table 4.2: Sample of research participants—mathematics teachers .......cccooeeeeciiei e 79
Table 4.3: The items in the Mathematics-Related Beliefs Questionnaire for Students (MBQ-S) ................... 88
Table 4.4: The items in the Mathematics-Related Beliefs Questionnaire for Teachers (MBQ:-T)..........ccc...... 96
Table 5.1. Results of the Confirmatory Factor Analysis of the MBQ-S (N =609) .......cccceecveerieeevereecieeesneens 118
Table 5.2. High modification indices between variables in the measurement model...........cccccovveeerirnnnns 123
Table 5.3. Construct reliability of each students’ belief CONStrucCt..........ccceveeeciieieciiee e 124
Table 5.4. Percent and mean agreement of students with items representing belief constructs................ 127
Table 5.5. Gender differences in mathematics performance and mathematics-related beliefs.................. 131
Table 5.6. Descriptive statistics for the curriculum-based and PISA-based mathematics performance test 133
Table 5.7. Descriptive statistics for items in the PISA-based mathematics performance test...................... 134
Table 5.8. Correlations in students’ performance in the three mathematics tests........ccoceeeevcieeeeccieecennee. 134
Table 5.9. Differences in mathematics-related beliefs between the low and high performing students..... 135
Table 5.10. Factor loadings for each construct of MBQ-T for Model 1 and Model 2...........coooevivveeeiieinnnns 141
Table 5.11. Construct reliability of each teachers’ belief sub-construct........ccccccoovvviiiiveeiiiiiiiiieeec e, 145
Table 5.12. Percent and mean agreement of teachers with items representing belief constructs.............. 146

Vii



DECLARATION

| certify that this thesis:

1. does not incorporate without acknowledgment any material previously submitted for a
degree or diploma in any university; and
2. tothe best of my knowledge and belief, does not contain any material previously published

or written by another person except where due reference is made in the text.

Xuan Cuong Dang

viii



ACKNOWLEDGEMENTS

The completion of this research has been assisted by many people. First and foremost, my deepest
thanks go to my principal supervisor, Professor Stella Vosniadou for her patience, invaluable
guidance, and continuous encouragement at every stage of my research journey. | wish to express
my appreciation to Dr. Mun Yee Lai, my second supervisor, at University of Technology Sydney for
her constructive feedback and academic support. My great appreciation goes to Dr. Igusti
Darmawan from the University of Adelaide for his sophisticated advice on data analysis
techniques. Great thanks go also to the staff at the College of Education, Psychology, and Social
Work and Office of Graduate Research, Flinders University for their assistance. Especial thanks go
to Emeritus Professor Mike Lawson, Dr. Peny Van Deur, Dr. Mirella Wyra, and Dr. David Jeffries
from the Beliefs about Learning and Teaching (BALT) research group at Flinders University for their
valuable feedbacks and encouragement during my PhD journey. | wish to express my appreciation
to Associate Professor David Curtis for his supervisory and support throughout the first year of my
candidature. | also express my appreciation for Dr. Mai Ngo from College of Humanities, Arts and
Social Sciences, Flinders University for her advice on the questionnaires and their translation
versions. | would like to thank Dr. Bakir Haryanto for his data analysis tutorials. | am grateful to Ms

Abby Sesterka who spent her valuable time editing the thesis.

| express my appreciation to my colleagues at the National Institute of Educational Sciences in
Vietnam for their support. Especial thanks to Associate Professor Tran Kieu and Dr. Nguyen Thi
Thu Hue at the Institute for their valuable advice on the instruments. | would like to express my
appreciation to the Department of Education and Training in Nghe An, the principals, mathematics
teachers and 9t grade students at selected schools, who willingly participated in the research. |
would like to acknowledge the Department of Foreign Affairs and Trading (DFAT) for their support
through Australia Awards Scholarship (AAS). Without this scholarship, | have not had this great
opportunity to approach a new research environment where | have enriched my research
experience with international standards. Especial thanks go to the International Students Services
(ISS) at Flinders University for their kind support. Last but not the least, | am sincerely thankful to
members of my beloved family who always encourage and support me to finish my research. A
special mention goes to my wife and my daughter. Thanks also go to all friends who shared their

lives with me here in Adelaide.



ABBREVIATIONS

Abbr. Meaning
* p-value < .1
*ok p-value < .05
ok p-value < .01
CFA Confirmatory Factor Analysis
CFI Comparative Fit Index
CR Composite reliability
D? Mahalanobis Distance
df Degree of Freedom
EFA Exploratory Factor Analysis
M Mean
Ml Modification Index
Mplus | Statistical modelling program
MBQ-S | Mathematics-Related Beliefs Questionnaire for Students
MBQ-T | Mathematics-Related Beliefs Questionnaire for Teachers
N Number of participants
OECD | Organization for Economic Co-operation and Development
p p-value
PISA Programme for International Student Assessment
R? Coefficient of Determination
RMSEA | Root Mean Square Error of Approximation
Score | Students' scores in district mathematics exam
SD Standard Deviation
SEM Structure Equation Modelling
SPSS Statistical Package for Social Science
SRMR | Standard Root Mean Square Residual
t t-test
Testl | Mathematics curriculum-based problems test results
Test2 | PISA-based problems test results
TLI Tucker-Lewis Index
WLSMV | Weight Least Square Mean and Variance
X> Chi Square
x%/df | Normed Chi-Square
THE CONSTRUCTS OF STUDENTS' MATHEMATICS-RELATED BELIEFS
BaE Beliefs about the importance of effort
CMK Beliefs about the certainty of mathematics knowledge
CMK_N | Beliefs that mathematics knowledge is certain




CMK_P | Beliefs that mathematics knowledge is malleable
MA Beliefs that mathematics ability can be changed
MPS Beliefs about mathematical problem-solving
MPS N Beliefs that mathematical problem-solving is about memorising procedures and
- formulas
MPS_P | Beliefs that mathematical problem-solving is about understanding procedures
Per Students' perception of teachers' practices
SelfE Students’ self-efficacy beliefs
UoM Beliefs that mathematics is useful
THE CONSTRUCTS OF TEACHERS' MATHEMATICS-RELATED BELIEFS
BaEt Beliefs about the role of student effort in their learning
CMKt | Beliefs about the certainty of mathematics knowledge
CMKt_N | Beliefs that mathematics knowledge is certain
CMKt_P | Beliefs that mathematics knowledge is malleable
MAt Beliefs about students’ mathematics ability
MAt_N | Beliefs that students” mathematics ability is innate
MAt_P | Beliefs that students’ mathematics ability can be changed
MPSt | Beliefs about mathematical problem-solving
MPSt_N | Beliefs that mathematical problem-solving is about memorising procedures
MPSt_P | Beliefs that mathematical problem-solving is about understanding procedures
SelfEt | Teachers’ self-efficacy beliefs
SelfEt_N | Teachers’ low self-efficacy beliefs
SelfEt_P | Teachers’ high self-efficacy beliefs
Teach | Beliefs about mathematics teaching
Teach_N | Beliefs in transmissive teaching of mathematics
Teach_P | Beliefs in constructive teaching of mathematics
UoMt | Beliefs about the usefulness of mathematics
UoMt_N | Beliefs that mathematics is not useful
UoMt_P | Beliefs that mathematics is useful

Xi




CHAPTER 1 INTRODUCTION

1.1 Statement of the problem

Over the last forty years, researchers in the field of mathematics education have started to
investigate the beliefs, attitudes, emotions, values of students and their teachers, and how these
factors may influence the academic performance of students in mathematics (Hannula, 2012;
Hannula, Leder, Morselli, Vollstedt, & Zhang, 2019; McLeod & Adams, 1989). In such research,
students’ and teachers’ mathematics-related beliefs have been given particular importance
(Goldin, Rosken, & Torner, 2009; G. C. Leder, E. Pehkonen, & G. Térner, 2002; Rott, Torner,
Peters-Dasdemir, & Moller, 2018). Several kinds of mathematics-related beliefs have been
investigated, such as epistemological beliefs about mathematics (e.g., whether mathematics
knowledge is fixed and certain or malleable), beliefs about the nature of mathematics (e.g.,
whether mathematics is useful and interesting or not), beliefs about mathematics teaching and
learning (e.g., beliefs that mathematical problem-solving is about memorisation or
understanding), and beliefs about self as a mathematics learner (e.g., whether mathematics ability

is innate or can be changed).

Research has shown that such mathematics-related beliefs are related to each other and can have
important effects on students’ academic performance. For example, beliefs about the nature of
mathematics have been found to influence beliefs about mathematics learning, especially beliefs
about self as a mathematics learner (Kloosterman, 1996; McLeod, 1992). Schommer-Aikins (2004)
and her colleagues have suggested that epistemological beliefs may influence beliefs about
learning and may indirectly influence academic performance through learning beliefs
(Schommer-Aikins, Bird, & Bakken, 2010). Recently, Depaepe et al. (2016) also argued that
epistemological beliefs in mathematics are associated with other types of beliefs about

mathematics teaching and learning.

Teachers’ mathematics-related beliefs have also been grouped in three categories: beliefs about
the nature of mathematics, beliefs about mathematics teaching, and beliefs about mathematics
learning (Cooney, 2003; Cross, 2009; Ernest, 1989a; Thompson, 1992). There is a large body of
literature that investigates the relationships between teachers’ beliefs and their practices as well as
students’ learning outcomes (Ambrose, Clement, Philipp, & Chauvot, 2004; Buehl & Beck, 2015;
Cross, 2015; Mosvold & Fauskanger, 2014; Pajares, 1992).

1



Although different aspects of mathematics-related beliefs have been investigated, most studies, in
both Western and Asian countries, have focused on defining the constructs and measuring
mathematics-related beliefs, with only a few studies having investigated mathematics-related
beliefs as a factor influencing mathematics performance. In comparison with other cultural
groups, the high academic performance in mathematics among Asian students shown in results of
international assessment programs (e.g., PISA and TIMSS) has drawn great attention from
researchers in the field of mathematics education around the world. However, research on
students’ beliefs is especially scarce in Asian countries where some aspects of mathematics-
related beliefs, such as epistemological beliefs about mathematics, have hardly been studied and
where little is known about the effects of these beliefs on students’ mathematics performance.
Moreover, there is no research on this topic in Vietnam. Although Vietnam is an Asian country, it

differs from other Asian countries both culturally and in terms of its education system.

Vietnam is one of the countries in the East Asia and Pacific regions. There are 54 different ethnic
groups, where Kinh is the majority (82.6%). The Gross National Income per capita in 2019 was only
USD $2,540 in comparison to an average of over $11,700 for its region of East Asia and Pacific
(World Bank, 2020a), and nearly USD $40,000 in Europe (World Bank, 2020b). The general
education system provides schooling from kindergarten (4-5 years old) to 12t grade (18 years old).
In 2018, the Vietnamese government issued a new general curriculum which was developed using
a competence-based approach. Mathematics is one of the core subjects in this education system.
The practical situation of mathematics teaching showed that teachers have used transmissive
teaching approaches where they have focused on teaching mathematics concepts and theories,
rather than constructive teaching approaches, where they have focused on mathematical
problem-solving in real-world situations (T. T. Nguyen et al., 2020; T. T. Nguyen, Trinh, & Tran,
2019). However, Vietnamese students have shown high scores from the international assessment
in mathematics such as PISA. Therefore, investigating mathematics-related beliefs of Vietnamese
teachers and students and their influence on students’ mathematics performance can add a

significant contribution to the research literature.

The purpose of present research is to examine, in greater detail than previous research, a wide
range of possible mathematics-related beliefs of students and teachers in order to understand
how these beliefs influence the mathematics performance of students from Vietnam. More

specifically, the research sought to answer the following three questions:



Research Question 1: What are the emergent profiles of Vietnamese students’ and teachers’
mathematics-related beliefs? And how do these profiles differ among female and male students,

and among low and high mathematics performers?

Research Question 2: How do students’ mathematics-related beliefs influence their mathematics

performance?

Research Question 3: How do teachers’ mathematics-related beliefs influence their students’

mathematics performance?

1.2 Research design and methodology

The research was implemented through six phases, as shown in Figure 1.1. In the first phase,
published works related to mathematics-related beliefs and their relationships to mathematics
performance were reviewed. Based on the results of the literature search, three research
guestions and hypotheses were proposed to examine chosen constructs of students’ and teachers’
mathematics-related beliefs as well as to investigate the relationships among these beliefs and

students’ mathematics performance.

Research s Inconsistent frameworks
Literature s Separation of belief constructs
Review ¢ |dentifying gap
* Choosing belief constructs
Research g

* Research questions

Questions * Hypotheses

s Adapting the guestionnaires
s Developing mathematics performance test
s Pilot study (7 experts and cognitive interviews)

Instruments
Development

» Ethics approval
* 7 schools
* 620 9t grade students and 46 mathematics teachers

Data
Collection

s Confirmatory Factor Analysis
s Structural Equation Modelling
* Multilevel Modelling

Data Analysis
& Results

Discussion * Answering research questions

Figure 1.1: The research process of the present research
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In the third phase, student and teacher questionnaires were developed to investigate their
mathematics-related beliefs. A mathematics performance test was developed to assess students’
ability, not only in solving problems based on the taught curriculum, but also problems that were
unfamiliar to them and based more on real-world problems, such as the kinds of problems used in
the OECD PISA exam. The questionnaires were validated by international and national experts as
well as through cognitive interviews with Vietnamese students and teachers. The final instruments
were used to collect data from 620 ninth grade students and 46 mathematics teachers in Vietnam.
Confirmatory Factor Analysis, Structural Education Modelling, and Multilevel Modelling were
employed for analysis. The resulting measurement models and structural models were evaluated
carefully before reporting the main results. In the final phase, findings of the present research

were discussed in relation to current research literature to address three research questions.

1.3 Significance of the research

The research constructed and validated two questionnaires to investigate students’ and teachers’
mathematics-related beliefs. The findings from the questionnaire which investigated the beliefs of
students showed that the Vietnamese students held a number of beliefs that have been found to
be positive predictors of mathematics performance. For example, they believed that mathematics
is useful, that effort is important to improve mathematics learning, and that mathematics ability is
malleable. They also had high self-efficacy and positive perceptions of teachers’ practices. An
advantage and innovation of the questionnaires is that they included items that represented
beliefs that were both positive and negative predictors of students’ performance. The results
showed that the mathematics teachers tended to simultaneously agree both with positive and
negative beliefs, especially in the areas that tested beliefs about the certainty of mathematics
knowledge, mathematical problem-solving, students’ mathematics ability, and the nature of

mathematics teaching.

Prior research has investigated the relationships among some special belief constructs and
mathematics performance in relative isolation with other potential belief constructs. The present
research stands as one of few studies that have used structural equation modelling to examine the
interrelations among many different belief constructs that represented different categories of
mathematics-related beliefs (i.e., epistemological beliefs, beliefs about nature of mathematics,
beliefs about mathematics teaching and learning, and beliefs about the self) and students’

mathematics performance.



The results of the structural equation modelling showed the following associations: (1) students’
perceptions of their teachers’ practices directly influenced their beliefs that effort is important to
improve mathematics learning, beliefs that mathematical problem-solving is about memorising
procedures, and beliefs that mathematical problem-solving is about understanding procedures; (2)
while beliefs that mathematics knowledge is certain and beliefs that mathematics is useful were
positive direct predictors of beliefs that effort is important to improve mathematics learning, the
former were directly positive predictors of beliefs that mathematical problem-solving is about
memorising procedures, and the latter were positive direct predictors of beliefs that
mathematical problem-solving is about understanding procedures; (3) while beliefs about
mathematics ability were positively predicted by beliefs that effort is important to improve
mathematics learning, and beliefs that mathematical problem-solving is about understanding
procedures, these beliefs were negatively predicted by beliefs that mathematical problem-solving
is about memorising procedures; (4) beliefs about mathematics ability directly predicted self-
efficacy beliefs; and, (5) students’ self-efficacy beliefs directly predicted mathematics

performance.

In terms of the relationships between teachers’ mathematics-related beliefs and students’
mathematics performance, the results of the multilevel structural equation modelling showed the
following associations: (1) teachers’ high self-efficacy beliefs of mathematics teachers directly
predicted students’ mathematics performance; (2) beliefs that mathematical problem-solving is
about understanding procedures directly predicted teachers’ beliefs about constructive teaching
of mathematics; and, (3) teachers’ beliefs that mathematics knowledge is malleable directly

predicted their beliefs that mathematical problem-solving is about understanding procedures.

The findings of the research have particular importance within the Viethamese educational
context. In Vietnam, ninth grade students had a high rank in mathematics in some international
assessments (e.g., PISA, TIMSS), but the stakeholders have paid little attention to explaining why
this was the case, and identifying which factors may be responsible. The findings of the present
research provide information about certain factors on mathematics performance that have not
been previously investigated. From a more applied perspective, the research provides useful
information to teachers and other educational stakeholders for improving the quality of teaching,
learning, and instruction, as well as the content of the mathematics curricula. Within the context
of Vietnam, the curriculum is in a state of transition from a content-based approach to a

competence-based approach. In this transition period, the results of the present research can help
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educators, researchers, and stakeholders in Vietham to better understand the beliefs of students
and teachers that contribute most to successful mathematics performance, especially in the
application of problem-solving skills to everyday problems. Such an understanding can then be
used to inform teachers and students and lead to discussions about how beneficial beliefs can be

further promoted and beliefs that do not contribute positively can be revised.

1.4 Structure of the present research

This thesis is structured into six chapters to outline the process of the research and present as well
as discuss findings. Chapter 2 presents a comprehensive literature review about five main research
areas. It begins with a review on general mathematics-related affects to emphasise the central
role of beliefs in relation to other affective factors such as attitudes, emotions, and values. Next,
different frameworks of mathematics-related beliefs were synthesised to identify inconsistencies.
In the third section, research on some specific belief constructs belonging to different categories
such as epistemological beliefs about mathematics, beliefs about nature of mathematics, beliefs
about mathematics teaching and learning, and beliefs about the self as a mathematics learner
were analysed. The differences in students’ beliefs were also highlighted. The fourth section
addresses the research on teachers’ mathematics-related beliefs and how they influence students’
mathematics performance. The final section in this chapter presents some relevant research
within Vietnamese contexts. Chapter 3 presents an overview of the present research and justifies
the reasons for selecting specific belief constructs for investigation. The hypotheses of the
research are also presented. In Chapter 4, details about the participants, the procedures, and the
process of instrument development are described. This chapter also addresses the statistical
procedures of the present research. Chapter 5 presents the entire data analysis process and the
results of the main research, then Chapter 6 discusses and reflects upon the main findings as well
as draws the conclusions for the present research. This chapter will answer the three research
guestions as outlined previously and synthesises the entire journey of the present research,
discuss the limitations of the present research, as well as propose some directions for future

research.



CHAPTER 2 LITERATURE REVIEW

This chapter reviews the research literature regarding mathematics-related beliefs and their
influence on students’ mathematics performance. This chapter has four main sections. The first
section presents some general literature about mathematics-related affect to capture the role
of beliefs in the mathematics-related affect system. The second and the third section addresses
important published works in the research literature about students’” mathematics-related
beliefs. Specifically, the review focuses on different frameworks and crucial constructs of
students’ mathematics-related beliefs, as well as the effects on mathematics performance. The
fourth section presents research on teachers’ mathematics-related beliefs and their influence
on teachers’ practices as well as on students’ mathematics performance. Finally, the fifth
section summarises relevant research in Vietnam. Within each section, along with reviewing the
research literature, the researcher also identifies possible gaps that warrant attention in the

context of the present research.

2.1 Research on mathematics-related affect

There is a great deal of research on the nature of belief systems and their relation with academic
performance in many subject areas. In the present research the focus is only on their relations in
the area of mathematics education. According to many scholars in the field of mathematics
education, beliefs (or belief systems) are important components of the mathematics-related affect
system (Debellis & Goldin, 2006; Hannula, 2012; Hannula, Op't Eynde, Schléglmann, & Wedege,
2007). The term ‘mathematics-related affect system’ is used to refer to the attitudes, motivation,
emotions and beliefs that are related to mathematics learning and teaching. In order to elucidate
the relationships and the role of mathematics-related beliefs within that system, this section

briefly presents an overview of research on mathematics-related affect.

The important role of the affective domains in education in general, and in mathematics education
in particular, has been emphasised over the last four decades (DeBellis & Goldin, 1997; Hannula et
al., 2019; Leder & Grootenboer, 2005; McLeod & Adams, 1989; Pepin & Roesken-Winter, 2015).
Because the main purpose of the present research focuses on mathematics-related beliefs, this
section presents a more general literature review of available frameworks, categorisations and
models of affect in the field of mathematics education (i.e., mathematics-related affect (Hannula,

2012) and their development over the time. The purpose of this approach is to capture the whole
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picture of affective domains and the role of mathematics-related beliefs in relation to other facets
of affect. The terms ‘affect’, ‘affective factor’, ‘affective variable’, ‘affective domain’, ‘affective

component’ and ‘mathematics-related affect’ are used interchangeably in the research literature.

Among various affective variables that have been investigated in the field of mathematics
education, many researchers have claimed that anxiety related to mathematics and attitudes
towards mathematics are the key constructs of mathematics-related affect (Dowker, Sarkar, &
Looi, 2016; Namkung, Peng, & Lin, 2019; Zan et al., 2006). Researchers investigated these
constructs by using two widely used measures, namely the Mathematics Anxiety Rating Scale
(Richardson & Suinn, 1972) and the Mathematics Attitude Scale (Fennema & Sherman, 1976). The
results of the research on these two constructs confirmed that mathematics anxiety and attitudes
towards mathematics are related to mathematics performance (Hunt, Clark-Carter, & Sheffield,

2015; Ma, 1999; Ma & Kishor, 1997).

In the 1980s, there was significant attention from researchers to explore different dimensions of
mathematics-related affect and the relationships between mathematics-related affect and
mathematical problem-solving (McLeod & Adams, 1989; Schoenfeld, 1985a; Silver, 1985). The
publication of Affect and Mathematical Problem-solving, edited by McLeod and Adams (1989),
covers many particular aspects of affective factors not only in mathematical problem-solving but
in also mathematics teaching and learning. When discussing the role of mathematics-related
affect, McLeod (1989b) stated that the main purpose of research on mathematics-related affect
within the mathematical problem-solving context is to improve mathematics instruction and
performance. The author analysed mathematics-related affect in relation to many different
aspects of cognition, such as memory, representation processes, consciousness, metacognition,
automaticity and mathematical problem-solving strategies. He concluded that the effects on
mathematical problem-solving change depending on the phases that the problem solvers are

going through, and the types of strategies they choose.

According to McLeod (1989b), affective domains vary in terms of magnitude and direction; in other
words, they may change in levels of intensity (e.g., from weak to strong), and they can be positive or
negative. For example, much evidence from the research literature showed that students’
mathematics self-efficacy has a ‘strong’ and ‘positive’ influence on mathematics performance (Liu &
Koirala, 2009; Manzano-Sanchez, Outley, Gonzalez, & Matarrita-Cascante, 2018), and students’

mathematics anxiety has ‘moderate’ and ‘negative’ impact on mathematic performance (Justicia-
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Galiano, Martin-Puga, Linares, & Pelegrina, 2017). McLeod claimed that when researchers
investigate mathematics-related affect, they should also focus on different aspects of emotions,
including magnitude, direction, duration, levels of awareness and level of control. Additionally, when
students participate in mathematics classes, some instructional issues should also be considered
within the contexts, including different types of cognitive processes, different types of instructional
environment, and different types of beliefs. Continuing with the research on mathematics-related
beliefs, he summarised most prior research on mathematics-related affect and proposed a
theoretical framework for researchers in the field of mathematics education (McLeod, 1992). Three

crucial components of this framework were identified, namely, beliefs, attitudes, and emotions.

According to McLeod (1992), beliefs are developed over a long period of time. He proposed
different categories of beliefs: beliefs about mathematics, beliefs about the self, beliefs about
mathematics teaching, and beliefs about the context. Those beliefs will be discussed in detail in
following sections in this chapter. In regards to attitudes toward mathematics, McLeod claimed
that they can be developed by automatically repeating emotional reactions to mathematics or by
assigning an existing attitude to a new problem. Attitudes towards mathematics interact with
mathematics achievement in different ways depending on various types of attitudes. In regard to
emotions, McLeod (1992) looked closely at the research literature and claimed that researchers in
the area of mathematics-related affect pay insufficient attention to this domain of affect. He
argued that one of the important reasons for this is that researchers previously only wanted to
investigate affective factors that are more stable and can be measured using questionnaires.
McLeod also explained the relationships between these components of affect: “First, students
hold certain beliefs about mathematics and about themselves that play an important role in the
development of their affective responses to mathematical situations. Second, ... students will
experience both positive and negative emotions as they learn mathematics .... Third, students will
develop positive or negative attitudes toward mathematics as they encounter the same or similar
mathematical situations repeatedly” (McLeod, 1992, p. 578). This suggested that there are
interactions and interrelations among these components of affect. This framework has been
accepted by many researchers, and has been used to investigate the characteristics of each

component as well as to examine the relationships between them and mathematics performance.

Fennema (1989) also proposed a generic model for mathematics-related affect research by
approaching mathematics-related affect in relation to mathematics education outcomes, as shown

in Figure 2.1. This approach was proposed based on a specific model that developed in 1985,
9



namely, The Autonomous Learning Behavior Model (ALB) which the author used to explore gender
differences in mathematics (Fennema & Peterson, 1985, cited in Fennema, 1989). According to the
author, different domains of mathematics-related affect predicted mathematics education
outcomes through mediating learning activities. Moreover, the author also recommended that
researchers should also focus on external influences, such as characteristics of teachers. Although
this model appears quite simple, it provides explanations for many aspects of mathematics
teaching and learning. First, there are interrelationships between affect, learning activities,
external influences and mathematics education outcomes. Second, in many cases, affect may not
have direct links to mathematics education outcomes. Third, affect is also considered as a

mediator for other influences.

Removed due to copyright restriction

Figure 2.1: Fennema’s model of affective factors (Fennema, 1989, p. 217)

Continuing with McLeod’s work, DeBellis and Goldin proposed a tetrahedral model to consider
affect (Debellis, 1996; DeBellis & Goldin, 1997, 2006; Goldin, 2002). Figure 2.2 depicts this model,

which shows relationships among domains of affect.

Removed due to copyright restriction

Figure 2.2: DeBellis & Goldin’s tetrahedral model of affective factors (DeBellis & Goldin, 1997, p. 213)
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DeBellis and Goldin adopted three domains, including beliefs, attitudes, and emotions, from
McLeod’s (1992) work and added values (including morals, and ethical judgments) as another key
domain. The authors stated that “Values, including ethics and morals, refer to the deep, ‘personal
truths” or commitments cherished by individuals. They help motivate long-term choices and
shorter-term priorities. They may also be highly structured, forming value systems” (Debellis &
Goldin, 2006, p. 135). As can be seen from Figure 2.2, each vertex of tetrahedral represents a
domain of affect and where it interacts with other domains (and even interacts with cognition).
Furthermore, the authors claimed that each affective domain is influenced by the corresponding
environment (including other people’s beliefs, attitudes, emotions, and values, as well as social
and cultural conditions and external contextual factors) where the person(s) is situated during the

process of solving mathematical problems (DeBellis & Goldin, 1997).

Rather than dividing the four domains of affect to show the interactions between them as is the
case in Debellis and Goldin’s (1997) framework, Grootenboer and Leder (2005) considered the
four domains in terms of the overlap between them and the variation regarding levels of
cognition/stability and affectivity/intensity. The proposed model of these affective domains is

shown in Figure 2.3.

Removed due to copyright restriction

Figure 2.3: A model of conceptions of the affective components (Leder & Grootenboer, 2005, p. 2)

Leder and Grootenboer (2005) argued that beliefs, attitudes and values are inter-related, and that
these components are used in interchangeable ways. Emotions (or feelings) are related to
attitudes, although they are distinct from beliefs and values. They proposed that emotions (or

feelings) are less cognitive than attitudes, attitudes are less cognitive than values, and values are
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less cognitive than beliefs. Beliefs were considered as the most stable in comparison with other
components of affect, which are more intense (Leder & Grootenboer, 2005). Based on this
proposed model, Grootenboer and Marshman (2016) conducted a series of studies to investigate
different aspects of mathematics-related affect with a sample of middle school students (Year 5 to
Year 8) in New Zealand. One of the key findings from this research were that students’ beliefs
about mathematics, emotional responses to mathematics and mathematics learning, and attitudes
toward mathematics are related to their mathematics performance (Grootenboer & Marshman,

2016).

Criticising McLeod’s model, Op’t Eynde et al. proposed a structure of the affect components and

their effects on mathematical activities in classroom as shown in Figure 2.4 (Hannula et al., 2007).

Removed due to copyright restriction

Figure 2.4: Op’t Eynde et al.’s structure of the affect components (Hannula et al., 2007, p. 204)

In this model, Op 't Eynde et al. developed a theoretical framework to examine cognition,
motivation and affect of both teachers and students in different contexts including classroom and

socio-historical contexts.

More recently, based on different theories, Hannula (2012) used the term ‘metatheory’ and
suggested three distinct dimensions to categorise theories related to affect. The first dimension
distinguishes among cognitive (e.g., beliefs), motivational (e.g., values), and emotional (e.g.,

feelings) theories. The next dimension consists of the theories that emphasise on the stability of
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affect (i.e., traits) and the theories that emphasise on the change of affect (i.e., states). The third
dimension is divided into three different traditional types of theories about affect, namely,
physiological theories, psychological theories, and social theories. The model is presented in
Figure 2.5. This is a complex model and a detailed explanation is beyond the scope of this review.
However, it can be seen that Hannula considered beliefs as one of the cognitive factors and they

play an important role in relation to other affective domains.

Removed due to copyright restriction

Figure 2.5: Three dimensions for a metatheory of mathematics-related affect (Hannula, 2012, p. 144)

In summary, from the above reviews, it can be seen that there exists a large number of studies
and proposed frameworks to investigate mathematics-related affect. Various affective factors
influencing mathematics teaching, learning and outcomes have been investigated. Despite the
differing approaches, many researchers in the field of mathematics education defined four areas
of affect: beliefs about mathematics, attitudes towards mathematics, emotions towards
mathematics and values towards mathematics. Recently, many other effective variables have
also been investigated such as interest, flow, engagement, and identity (Goldin et al., 2016;

Hannula et al., 2019).

Among the different models and affective factors listed above, it is worth noting that beliefs have
been considered as a crucial factor (Goldin et al., 2009; Leder, 2019; MclLeod, 1992). MclLeod
(1989b) argued that literature needs more evidence about the relationships among belief
systems, affective factors and mathematical problem-solving to provide more understanding
about these relationships. According to Leder et al. (2002), although beliefs and belief systems
first started to be explored by social psychologists, many researchers in other disciplines have

also investigated this construct. There are a few controversial issues within the field of
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mathematics education related to research on mathematics-related beliefs. First, the question
“Are beliefs a hidden variable in mathematics education?” (G. C. Leder et al., 2002) has been
raised and many studies were implemented to attempt to answer that question. Goldin et al.
(2009) reviewed different studies in the field and concluded that “beliefs now constitute ‘a no
longer hidden variable’ in research on the teaching and learning of mathematics” (Goldin et al.,
2009, p. 14). However, the criticisms about various issues of measuring beliefs and exploring the
relationships among beliefs and other facets of affective and cognitive domains persist. Leder
(2019) reviewed the research on mathematics-related beliefs and concluded that most research
is about how teachers’ and students’ mathematics-related beliefs influence mathematics learning
and instruction. She also emphasised that researchers tend to use small samples with qualitative
approaches and proposed that much more research is needed to generate better understanding
about these issues. Second, there have been arguments about the affective and cognitive
perspectives of beliefs. While some researchers considered beliefs as an affective factor, many
researchers in the field of mathematics education considered them as an element of cognition

(Hannula, 2012; McLeod, 1992; Schoenfeld, 1985a).

Within the scope of the present research, the remainder of this chapter covers several issues
concerning students and teachers’ mathematics-related beliefs as well as their relationships with

students’ mathematics performance.

2.2 Empirical frameworks of students’ mathematics-related beliefs

Over the past four decades, the research on mathematics-related beliefs has received much
attention from researchers in the field of educational psychology as well as mathematics
education. The main purposes of these studies have been to identify different categories of
students' mathematics-related beliefs that influence mathematical learning and performance in
order to understand the processes of mathematics teaching and learning through which these

beliefs develop and are determined.

There have been quite a few different proposed frameworks to analyse mathematics-related
beliefs in the field of mathematics education. This section starts with Schoenfeld’s (1983, 19853,
1989) work as one of the first researchers addressing the important role of mathematics-related
beliefs in mathematical problem-solving. His findings have provided the basis for various studies.
Following, the empirical frameworks used by Underhill (1988), McLeod (1989a, 1992), Pehkonen
(1995) Kloosterman (1996), and Op’t Eynde et al. (2002) will be introduced.
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2.2.1 Schoenfeld’s work on mathematics-related beliefs

Schoenfeld (1983, 1985b) highlighted that mathematical-related beliefs are important because
they can be used to explain students’ behaviours in mathematical settings (Schoenfeld, 1983). He
argued that “the tangible cognitive actions produced by our experimental subjects are often the
result of consciously or unconsciously held beliefs about (a) the task at hand, (b) the social
environment within which the task takes place, and (c) the individual problem-solver’s perception of
self and his or her relation to the task and the environment” (p. 330). Specifically, when students
solve a mathematical problem, their cognitive actions are influenced by different kinds of beliefs in
terms of the problem they are working on (i.e., mathematics knowledge), the social environment
where the problem is taking place (i.e., the context of the problem), and their self-perceptions in
relation to the problem (i.e., the self as a mathematics learner). This suggested that there are
various kinds of beliefs students hold during the process of mathematical problem-solving. He
defined that mathematics beliefs (or belief systems) are “one’s mathematical world view, the
perspective with which one approaches mathematics and mathematical tasks” (Schoenfeld, 1985a,
p. 45), or “individuals’ sense of mathematics, of themselves, of the context and more, all of which
shape what they perceive and what they choose to do” (Schoenfeld, 2011, p. 1). He claimed that
“one’s beliefs about mathematics can determine how one chooses to approach a problem, which
techniques will be used or avoided, how long and how hard one will work on it, and so on. Beliefs
establish the context within which resources, heuristics, and control operate” (Schoenfeld, 1985a, p.
45). This suggested that students’ beliefs influence different stages of the mathematical problem-
solving process, and based on the beliefs that students hold, they would have corresponding actions
or behaviour to approach and solve problems. Schoenfeld was also one of the first researchers to
claim that students’ beliefs are crucial contributors to the success or failure of mathematical

problem-solving (Schoenfeld, 1985a).

Schoenfeld (1983) designed a qualitative research program to analyse students’ beliefs during the
problem-solving process. He proposed a framework that included three different components that
are necessary for problem solvers, namely, resources, control, and belief systems. Within
Schoenfeld’s (1983) framework, resources referred to facts, algorithms, and relevant
competencies; the component of control included monitoring, assessment, decision-making, and
conscious metacognitive acts; and belief systems included beliefs about the self, beliefs about the
environment, beliefs about the topic, and beliefs about mathematics. Schoenfeld designed three

problem-solving protocols, selecting two freshman students and one mathematician to participate
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in the experiment. The two students worked together on two protocols. By observing and
interviewing them, he found that students tend to believe that only mathematicians can truly
understand mathematics and that mathematical problem-solving should occur quickly or not at
all. Within this quantitative approach, Schoenfeld developed a questionnaire to measure students’
mathematics-related beliefs (Schoenfeld, 1985b). The questionnaire contained 70 statements and
10 open-ended items related to various student belief constructs: (i) beliefs regarding the
attribution of success or failure; (ii) perception of mathematics and school practice; (iii) views of
school mathematics, English, and social studies; (iv) beliefs about the nature of geometric proofs,
reasoning, and constructions; (v) motivation; and (vi) personal and scholastic performance. He
recruited 230 students from 9% grade to 12" grade. Factor analysis and correlations were applied
to explore each construct and the relationships among these constructs. The analysis revealed that
most students tend to think of mathematics as a domain to be rote memorised rather than an
area for understanding and creation. They also thought that mathematics required lots of practice
in following procedures and rules. Another result showed that students believed that they only
needed about two minutes to solve a typical problem and, if a problem took longer than twelve

minutes, they believed that it was impossible to solve that problem.

This questionnaire was also used to assess students’ mathematics-related beliefs and to
investigate associations with their mathematics performance (Schoenfeld, 1989). He found that
students’ expected mathematics performance, their perceived mathematics ability and their
academic performance were strongly associated with each other. This result suggested that if
students believe that they have poor mathematics ability, they would likely expect poor
performance in turn. Additionally, the author found that “students who think less of their
mathematical ability tend more to attribute their mathematical success to luck ... and their failures
to lack of ability ..., whereas those who think themselves good at mathematics attribute their
success to their abilities” (Schoenfeld, 1989, p. 347). Another finding was that there were
relationships between beliefs about mathematics as a memorising domain, beliefs about success
depending on memorisation, and academic performance. Particularly, the less likely students
believed that mathematics was mostly memorising, the less likely students believed success
depended on memorisation, and the better students perform at mathematics. Schoenfeld (1992)
summarised the important results from his prior research. Figure 2.6. provided seven typical

beliefs of students about the nature of mathematics.
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Figure 2.6: Students’ beliefs about the nature of mathematics (Schoenfeld, 1992, p. 359)

These empirical findings have played an important role in exploring mathematics-related beliefs
and the associations with mathematics performance. Using these results, many researchers have
developed different frameworks and constructs of mathematics-related beliefs, which are

discussed in the next sections.

2.2.2 Underhill’s framework

Underhill (1988) discusses beliefs in terms of several dimensions. The author summarised research
on learners’ beliefs and proposed a framework to examine mathematics-related beliefs based on
constructivist principles comprising four different categories. The first category was beliefs about
mathematics. He claimed that students of all ages held different beliefs about mathematics as a
discipline. The author also argued that “what learners know and what they believe are often
indiscernible”, and “their beliefs permit them to ‘know’ mathematics through memorization and
algorithms. Their beliefs do not foster integration and relational learning” (Underhill, 1988, p. 58).
In other words, if students believe that learning mathematics is about performing procedures and
memorising formulas, they tend to think that mathematical knowledge is transmitted to them.
Additionally, the author claimed that students’ beliefs about the nature of mathematics as a

discipline influenced their beliefs about mathematics learning.

The second category was beliefs about mathematics learning. Underhill considered different
perspectives of learning, namely, transmission and (re)construction, and argued that “teaching
and learning are viewed as complementary parts of a (re) construction process” (Underhill, 1988,
p. 59). He emphasised that students, who believe mathematics is an abstract body of language,
tend to force themselves to master mathematics knowledge by focusing on memorisation and
algorithmic learning. On the other hand, students who believe mathematics is a product of

creation and invention tend to discover mathematics knowledge by finding new connections as
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well as relationships of knowledge during their learning process. The third category was beliefs
about mathematics teaching. Even though this is a separate category, Underhill (1988) argued that
it is difficult to separate beliefs about the nature of mathematics, beliefs about mathematics
learning and beliefs about mathematics teaching. The fourth category was beliefs about the social
context. These beliefs consider students’ behaviours and the social nature of beliefs (Op’t Eynde et
al., 2002; Underhill, 1988). He argued that these beliefs influence all three other categories of
mathematics-related beliefs, namely, beliefs about the nature of mathematics, beliefs about

mathematics learning and beliefs about mathematics teaching.

2.2.3 MclLeod’s framework

McLeod argued that in the field of mathematics education, researchers need to pay more
attention to affective factors to inform improvement in learning and teaching of mathematics
(McLeod, 1989b, 1992). He also emphasised the important role of mathematics-related beliefs in
relation to affective components and mathematics performance. In the first framework, McLeod
(1989a) proposed two different categories, including beliefs about mathematics and beliefs about
self. He explained that when students learn mathematics, they are most influenced by their beliefs
about the nature of mathematics, and beliefs about themselves as a mathematics learner.
According to McLeod (1989a), students develop several types of beliefs about mathematics as a
discipline during their learning process. He argued that these beliefs “certainly would tend to
generate more intense reactions to mathematical tasks than beliefs that mathematics is

unimportant, easy, and based on logical reasoning” (McLeod, 1989a, p. 247).

In 1992, after reviewing the relevant research literature, McLeod (1992) concluded that the
research in this field was organised in different ways and there was no consistent framework to
investigate mathematics-related beliefs as a system. Moreover, depending on their interests and
purposes, researchers tended to emphasise different categories of mathematics-related beliefs
(McLeod, 1992). This implied that although various types of beliefs have been explored,
researchers only focused on beliefs as a single construct, or a set of constructs in isolation to other
constructs rather than examining beliefs as a system. Without considering interrelations among
different belief constructs, researchers may miss some important associations because these
constructs may relate to each other in different ways. He proposed four categories within his
framework for mathematics-related beliefs, namely: (1) beliefs about mathematics; (2) beliefs

about self; (3) beliefs about mathematics teaching; and, (4) beliefs about the social context.
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In regards to beliefs about mathematics, MclLeod argued that, normally, students believe that
mathematics is important and difficult, as well as based on procedures, formulas and rules, and
beliefs about mathematics as a discipline were mainly cognitive in nature and do not change much
in comparison to other types of mathematics-related beliefs. This argument was supported by
prior findings from Schoenfeld’s (1983, 1989) and Silver’s (1985) work. Nevertheless, these beliefs
play an important role in developing attitudes and emotions towards mathematics. Additionally,
he also highlighted that there are gender differences in these beliefs and they tend to change as
students get older. Regarding beliefs about the self, McLeod referred to self-concept, confidence,
and causal attributions related to mathematics. He claimed that these beliefs also included self-
efficacy and learned helplessness. His third category of mathematics-related beliefs was beliefs
about teaching mathematics. He pointed out that students’ and teachers’ beliefs about
mathematics teaching are also important to the research on affect. However, he claimed that little
is known from literature about these beliefs and researchers need to pay more attention to this
area. The final category in McLeod’s framework was beliefs about the social context. He
emphasised on the role of social context and argued that social context from the classroom
(school) or from home may influence students’ beliefs. Students’ beliefs about the culture of their

mathematics classrooms influenced their problem-solving abilities (McLeod, 1992).

2.2.4 Pehkonen’s framework

In Pehkonen’ (1995) study, he used the term “pupil’s view” instead of “students’ beliefs”. He
proposed four categories of mathematics-related beliefs: (1) beliefs about mathematics; (2) beliefs
about oneself within mathematics; (3) beliefs about mathematics teaching; and (4) beliefs about
mathematics learning. There was a difference in his approach to categorising beliefs in comparison
to other researchers. He attempted to divide each category into different subcategories. For
example, within the first category of beliefs about mathematics, he created sub-categories, such
as: (1a) beliefs about mathematics as a school subject, (1b) beliefs about the birth of mathematical
knowledge, and (1c) beliefs about mathematics as a university discipline. From each sub-category,
he suggested that researchers may also split into different areas. For instance, within the sub-
category of beliefs about mathematics as a school subject, he suggested different beliefs, such as
beliefs about the nature of school mathematics, beliefs about mathematical contents, or beliefs
about tests in mathematics. From this point of view, his framework can be viewed as an open
framework where researchers can contribute beliefs of interest to one of the four main categories.

However, Pehkonen also advised that when researchers focus on beliefs, although they should
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look at both objective and subjective knowledge, and the author claimed that beliefs are
subjective knowledge. Researchers also need to distinguish affective and cognitive beliefs, and
accept that beliefs are open to change overtime. Furthermore, research on beliefs also needs to
be subject to the context and the research goal within which the beliefs are investigated

(Furinghetti & Pehkonen, 2002).

2.2.5 Kloosterman’s framework

Based on prior research, Kloosterman (1996) also proposed a framework of mathematics-related
beliefs to illustrate the relationships between mathematics-related beliefs, motivation, and

achievement (Kloosterman, 1996). Figure 2.7 presents this framework.

Removed due to copyright restriction

Figure 2.7: Kloosterman’s model of beliefs/motivation/achievement (Kloosterman, 1996, p. 134)
Unlike other researchers, Kloosterman proposed only two categories of mathematics-related
beliefs, namely beliefs about mathematics and beliefs about mathematics learning. Kloosterman
(1996) highlighted that the category of beliefs about mathematics in his framework is important
because “perceptions of the discipline of mathematics can have substantial influence on what
students feel is important to study and how they study it” (p. 133). Evidently, the author shared
the idea with MclLeod (1992) when he also emphasised the important role of beliefs about
mathematics in the process of mathematics teaching and learning. It also implied that these
beliefs may influence beliefs about mathematics learning. He argued that if students believe that
mathematics includes procedures, they are less concerned with making connections between
mathematics knowledge, and they also less concerned with understanding concepts and, as a

result, they will be motivated to focus more on memorising these procedures.
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The second category in Kloosterman’s framework was beliefs about learning mathematics. This
category consisted of three subgroups: (1) beliefs about oneself as a learner, (2) beliefs about the
role of the teacher, and (3) other beliefs about mathematics learning (Kloosterman, 1996). Looking
to McLeod’s (1992) framework, three categories of beliefs about self, beliefs about mathematics
teaching and beliefs about the social context were included in Kloosterman’s category of beliefs
about learning mathematics category. The first subcategory is beliefs about self. According to
Kloosterman (1996), “beliefs about self are important influences on motivation because, in
essence, students who feel they are not capable of learning mathematics see little reason to even
try” (p. 133). This suggested that students’ beliefs about the self may influence their motivation
and, in turn, influence mathematics outcomes. The second subcategory in this framework is the
role of the teacher as examined from the students’ perspectives. Using non-routine problem-
solving to teach fourth grade students, Kloosterman argued that students who believe about
transmissive teaching of their teachers might be less motivated to learn than students who believe
about constructive teaching of their teachers. The last subcategory is other beliefs about
mathematics (Kloosterman, 1996). In order to test the model, Kloosterman (2002) designed a
study to measure different aspects related to beliefs about mathematics and beliefs about
mathematics learning as proposed in his framework, including: self-confidence, perceptions of
ability, feelings about school and about mathematics, natural ability in mathematics, study habits
in mathematics, and assessment practices. He conducted interviews and surveys with high school
students. The main results of this research showed that students seldomly think about the nature
of mathematics, and students tend to focus on memorisation procedures and facts rather than

understanding them.

2.2.6 Op’tEynde et al.’s framework

Based on prior research, Op’t Eynde, De Corte, and Verschaffel (2002) presented a definition and a
theoretical framework of mathematics-related beliefs. They defined “students’ mathematics-
related beliefs are the implicitly or explicitly held subjective conceptions students hold to be true,
that influence their mathematical learning and problem-solving” (Op’t Eynde et al., 2002, p. 16).
More specifically, this refers to the subjective conceptions students implicitly or explicitly hold to
be true about different aspects including mathematics education, themselves as mathematics
learners, and the mathematics class context. They suggested that these beliefs are associated with
each other and with problem-solving activities. These authors also proposed a triangular model of

mathematics-related belief system as shown in Figure 2.8.
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Figure 2.8: Op’t Eynde et al.’s framework of mathematics-related beliefs (Op’t Eynde et al., 2002, p. 27)
Op’t Eynde and De Corte (2003) argued that “the analysis of the nature and the structure of beliefs

and belief systems points to the social context, the self and the object in the world that the beliefs
relate to, as constitutive for the development and functioning of these systems” (p. 5). They argued
that a mathematics-related belief system consisted of three categories: (1) beliefs about object
(mathematics education); (2) beliefs about the self; and, (3) beliefs about the classroom context
(Op't Eynde & De Corte, 2003). Although there is it can be seen that Op’t Eynde et al.’s and
McLeod’s (1992) framework shared some similarities, there is one major difference between them.
The category of beliefs about mathematics teaching from MclLeod’s (1992) framework is not
represented in Op’t Eynde and De Corte’s (2003) model. However, this category could be
considered as a sub-component in the category of beliefs about mathematics education because it

relates to teaching practices.

Within the first category, beliefs about mathematics education, Op’t Eynde et al. (2002) stated
that these beliefs refer to students’ perceptions of what mathematics is, and the way students
approach mathematics and mathematics problems. They proposed three sub-categories, namely:
(1) beliefs about mathematics as a subject; (2) beliefs about mathematical learning and problem-
solving; and, (3) beliefs about mathematical teaching in general. The second category, beliefs
about self, refer to (1) self-efficacy beliefs; (2) control beliefs; (3) task value beliefs; and, (4) goal
orientation beliefs (including their intrinsic and extrinsic goal orientation beliefs related to
mathematics). These beliefs are also viewed as motivational beliefs. The final category, beliefs
about classroom context, consisted of: (1) beliefs about social norms in their own class (including
beliefs about the role and function of the teacher and beliefs about the role and function of the

students); and, (2) beliefs about the socio-mathematical norms in their own class (Op’t Eynde et
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al., 2002). Although the two frameworks employ different approaches, it can be seen that various
aspects of mathematics-related beliefs have been covered. These authors also claimed that this

framework has considered mathematics-related beliefs as a system.

Op't Eynde and his colleagues developed the Mathematics-Related Beliefs Questionnaire (MRBQ)
to validate the structure of mathematics-related belief system and measure students’
mathematics-related beliefs (Op't Eynde & De Corte, 2003; Op’t Eynde, De Corte, & Verschaffel,
2006a). The MRBQ consisted of items to cover three categories of beliefs, namely, beliefs about
mathematics education, beliefs about the self, and beliefs about teachers’ role. The questionnaire
was developed to measure four different sub-categories rather than the concept as a whole: (1)
beliefs about the role and the functioning of their own teacher (16 items); (2) beliefs about the
significance of and competence in mathematics (13 items); (3) beliefs about mathematics as a
social activity (nine items); and, (4) Mathematics as a domain of excellence (six items). In terms of
the results, the authors confirmed the structure of the framework of mathematics-related beliefs
in which the category number one belongs to beliefs about the social context, category number
two belongs to beliefs about self, and categories number three and four belong to beliefs about
mathematics (Andrews, Diego-Mantecon, Vankus, & Op 't Eynde, 2011; Op't Eynde & De Corte,
2003). The questionnaire was also used in other research to confirm the structure of the
framework as well as to measure mathematics-related beliefs of Flemish junior high school

students (Op’t Eynde et al., 2006a) and Ecuadorian students (De Corte, 2015).

In summary, in this section, the most relevant frameworks of mathematics-related beliefs in the
mathematics education literature were introduced. Table 2.1 synthesises different categories of
these frameworks. As can be seen in Table 2.1, many researchers have emphasised the important
role of mathematics-related beliefs in mathematics teaching and learning processes, and
proposed various approaches to define mathematics-related beliefs. All of the above-mentioned
frameworks included different kinds of beliefs, as shown in the table. Some researchers claimed
that, in general, beliefs about the nature of mathematics affect beliefs about mathematics
learning, especially beliefs about the self as a mathematics learner. Based on these frameworks,
these authors and other scholars in the field of mathematics education have conducted
additional research to investigate how mathematics-related beliefs associate with other domains

such as attitudes, motivation, behaviour, and mathematics performance.
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Table 2.1. Frameworks of Mathematics-related beliefs

Author Category

(1) beliefs about the task in hand

Schoenfeld
(2) beliefs about the social environment within which the task place

(1983, 1985a, 1989a)
(3) the individual’s perceptions of the self

(1) beliefs about the nature of mathematics
. (2) beliefs about mathematics learning

Underhill (1988) ) ) )
(3) beliefs about teaching mathematics

(4) belief about self within a social context

)
(1) beliefs about mathematics as a discipline
(2) belief about self

MclLeod (1992) i . .
(3) beliefs about mathematics teaching

(4) beliefs about the social context

(1) beliefs about mathematics

(2) beliefs about oneself within mathematics
Pehkonen (1995) ) ) )
(3) beliefs about mathematics teaching

(4) beliefs about mathematics learning

(1) beliefs about mathematics as a subject
Kloosterman (1996) . . .
(2) beliefs about learning mathematics

(1) beliefs about mathematics education
(2) beliefs about the self
(3) beliefs about the classroom context

Op’t Eynde et al.
(2002)

However, from the above reviews, it can be seen that these frameworks have undergone
considerable changes overtime, especially regarding the way in which different components of
mathematics-related beliefs have been categorised. There exists contention when a category in
one framework may belong to or overlap with a category of another framework, or some items
measuring one construct could be found to measure another construct. Diego-Mantecdn et al.
(2019) also suggested that researchers in the field of mathematics education need to develop a
more consistent framework. Most importantly, only a few scholars have conducted empirical
research to validate their frameworks or attempts at validation have not been comprehensive. For
example, with Op’t Eynde et al.’s (2002) empirical studies to validate their framework of
mathematics-related beliefs, only select belief constructs within each belief category were

investigated.

The next section reviews the empirical research that has investigated specific mathematics-related

beliefs and their associations with mathematics performance.
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2.3 Research on specific constructs of mathematics-related beliefs

There have been multiple studies of different constructs of mathematics-related beliefs. As discussed
in the previous section, there are some inconsistencies in these frameworks of mathematics-related
beliefs. Researchers in the field of mathematics education have paid attention to different separate
belief constructs and their influence on mathematics performance. Based on the review of the
literature and the focus of the present research on a more complex model investigating relations
among mathematics-related beliefs and mathematics performance, this section reviews the research
on five categories of mathematics-related beliefs: (1) beliefs about the certainty of mathematics; (2)
beliefs about the usefulness of mathematics; (3) beliefs about mathematical problem-solving; (4)
beliefs about the self as a mathematics learner (including beliefs about mathematics ability and self-
efficacy beliefs); and, (5) students’ perceptions of teachers’ practices. In the last section, research on

the differences in mathematics-related beliefs is also reviewed.

2.3.1 Beliefs about the certainty of mathematics knowledge

Beliefs about the certainty of knowledge form an important component of epistemological beliefs.
Before reviewing the research literature on these beliefs and their influence on mathematics

performance, a brief review of research on epistemological beliefs will be presented.

2.3.1.1 Epistemological beliefs

Epistemological beliefs are beliefs about the nature of knowledge and the processes of knowing
(Bendixen & Feucht, 2010; Hofer, 2002; Hofer & Pintrich, 1997; Khine, 2008; Schommer, 1990).
Beliefs about the nature of knowledge refer to what individuals believe knowledge is. Beliefs
about the nature of knowing refer to what individuals believe about the process of knowledge
acquisition. Within theoretical models, beliefs about the nature of knowledge are further defined
as the certainty and simplicity of knowledge to measure whether students believe that knowledge
is certain and simple, or something that changes and is complex. Beliefs about the process of
knowing are further defined in terms of the source of knowledge, whether it comes from authority
or is constructed by the subject, and the justification for knowing, which answers the question
how individuals evaluate knowledge claims (Hofer & Pintrich, 1997). Epistemological beliefs are
also known as epistemic beliefs or personal epistemology (Bendixen & Feucht, 2010; Buehl &
Alexander, 2001; Hofer, 2004). Personal epistemology is defined as “a field that examines what
individuals believe about how knowing occurs, what counts as knowledge and where it resides,

and how knowledge is constructed and evaluated” (Hofer, 2004, p. 1).
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Reviewing relevant research literature showed that research on epistemological beliefs started with
Perry’s (1968) research on validating a scheme of epistemological development by using in-depth
interviews. Inspired by this research, many researchers in different fields of study investigated
various aspects of epistemological beliefs (Schoenfeld, 1989). An influential study in this area was
Schommer’s framework (Schommer-Aikins, 2002, 2004; Schommer, 1990, 1994), which considered
epistemological beliefs as a system. Schommer (1990) was interested in investigating how beliefs
about the nature of knowledge and the processes of knowing influence approaches to learning. She
designed an empirical study on how these beliefs influence comprehension and academic
achievement. Unlike other researchers who approached epistemological beliefs as a unidimensional
construct, she proposed that these beliefs are multi-dimensional and consist of many independent
belief constructs. Specifically, based on Perry’s (1968), Dweck’s (1986) and Schoenfeld’s (1983,
1985a, 1989) work, Schommer (1990) proposed a framework comprising five different constructs of
epistemological beliefs: (1) simple knowledge, (2) certain knowledge, (3) omniscient authority, (4)
innate ability; and, (5) quick learning. It is important noting that beliefs about the certainty of
knowledge examine whether knowledge is considered as something absolute or changing. In order
to validate this framework, she developed a questionnaire that consisted of 63 items to cover these
five categories known as the Epistemological Beliefs Questionnaire (Schommer, 1990). This
guestionnaire has been widely used by Schommer and other researchers to measure various aspects

of epistemological beliefs as well as their influence on performance.

Although some other research confirmed this framework (Jehng, Johnson, & Anderson, 1993;
Schraw, Dunkle, & Bendixen, 1995), there has been criticism of the framework in terms of which
beliefs constructs should be represented in an epistemological belief system. Hofer and Pintrich
(1997) suggested that the most important limitation of Schommer’s work in 1990 is that only two
types of beliefs, namely, certain knowledge and simple knowledge, can be considered constructs
of epistemological beliefs, whereas other types of beliefs (i.e., innate ability and quick learning)
belong to other categories. For example, beliefs about innate ability refer to beliefs about the
nature of ability that have been studied by Dweck and colleagues (Dweck, 2000; Dweck & Leggett,
1988), and beliefs about quick learning may belong to beliefs about learning rather than

epistemological beliefs (Hofer & Pintrich, 1997).

Additionally, although different views have been proposed to explain the structure of
epistemological beliefs, there is a general agreement that people’s epistemological beliefs influence

how they learn (Hofer, 2004; Muis, 2004). Hofer (2001) reviewed the literature on epistemological
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beliefs and there is evidence to support the claim that epistemological beliefs may directly influence
beliefs about learning and education, students’ motivation, and learning strategy selection. Schraw
er al. (1995) examined the relationship between epistemological beliefs and students’ responses of
well-defined and ill-defined problems. Well-defined problems are defined as problems where they
have knowable solutions and students can find correct answers, whereas ill-defined problems are
defined as problems where they contain inconsistent assumptions and students may find different
solutions (Kitchener, 1983). The results of regression analysis showed that epistemological beliefs
are related to ill-defined solutions and concluded that epistemic beliefs play an important role in
ill-defined problem-solving. Another review of the literature on epistemological beliefs suggested
that epistemological beliefs are: (1) multidimensional and multilayered in nature; (2) significantly
related to other learning outcomes; and, (3) can be characterised both as general and domain-

specific (Buehl & Alexander, 2001).

2.3.1.2 Domain specificity of epistemological beliefs — The case of mathematics

While much of the prior research has focused on epistemological beliefs in domain general, many
researchers have also focused on domain specificity (i.e., academic discipline) of epistemological
beliefs such as mathematics (Depaepe et al., 2016; Muis, 2004; Schoenfeld, 1992), science (Elby,
Macrander, & Hammer, 2016; Mason, Boscolo, Tornatora, & Ronconi, 2013), history (VanSledright &
Maggioni, 2016), and general discussions about domain specificity (Hofer, 2006; Muis, Bendixen, &
Haerle, 2006). There is some evidence of relationships of epistemological beliefs between domains.
Schommer and Walker (1995) explored the differences of students’ epistemological beliefs between
two disciplines: mathematics and social science. In this study, students completed a questionnaire
about epistemological beliefs twice, each time with each specific domain in mind (mathematics or
social science). The authors concluded that epistemological beliefs are likely to vary depending on
the academic discipline. For example, they found that students have stronger beliefs about certainty
of knowledge in the domain of mathematics than in the domain of social science (Schommer &

Walker, 1995).

Other researchers also argued that because of the differences about knowledge structures and
models, there are differences about epistemological beliefs among disciplines (Hofer, 2000; Hofer &
Pintrich, 1997). For example, Hofer (2000) investigated students’ epistemological beliefs and the
author examined the differences in these beliefs between psychology and science. The results
showed that students tend to view knowledge in psychology as less certain compared with

knowledge in science. There is further evidence of this from Baxter Magolda’s (2002) research
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where four disciplines were compared: mathematics, science, humanities, and social science. The
results showed that students tended to view mathematics and science knowledge as certain while
they viewed humanities and social science knowledge as uncertain. Buehl and Alexander (2005) also
found that students tend to believe that knowledge in mathematics is more certain compared with
knowledge in history, and that students who believe more in the certainty of knowledge have lower
levels of motivation and task performance. Within the scope of the present research, this section
will only review research on epistemological beliefs in the domain of mathematics and how they

influence learning and mathematics achievement.

Also working in the field of mathematics education, Schommer et al. (1992) examined the effects
of students’ epistemological beliefs on their comprehension of mathematical text. As mentioned
earlier, they designed the first experiment to confirm the structure of an epistemological belief
guestionnaire. In the second experiment, in order to explore these effects, the authors used two
statistical passages, a statistical test, a scale to measure the confidence in their comprehension, a
measure of prior knowledge, and a measure of study strategies. Using regression analysis, they
found that beliefs about the simplicity of mathematics knowledge have a negative effect on
comprehension and meta-comprehension. In other words, the more students believed in simple
knowledge the worse they performed on the mathematics text comprehension test. They also
found that these effects are mediated by students’ study strategies collection. In another study,
Schommer (1993) examined the associations between different constructs of epistemological
beliefs with academic performance using students’ grade point average (GPA) as a measure. The
sample included 405 first-year students, 312 second-year students at universities, 274 junior
students, and 191 senior students at high schools. The instrument consisted of the Epistemological
Beliefs Questionnaire. She found that epistemological beliefs significantly change from senior
students to first-year students and suggested a longitudinal study should be implemented to
confirm this result. In this study, Schommer also found that the construct of beliefs about quick

learning predicted academic performance among secondary school students (Schommer, 1993).

Further exploring links between epistemological beliefs and mathematical problem-solving
performance, Schommer-Aikins and her colleagues (2005) studied how students’ epistemological
beliefs, as well as their beliefs about mathematics, influenced their mathematical problem-solving
performance with 1,269 7th and 8th grade students. The instruments included the Epistemological
Belief Questionnaire (Schommer, 1990) to measure students’ epistemological beliefs, and a

mathematical problem-solving test including two mathematics problems. Students were asked to
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solve these problems and explain the way they found the answers. GPA and reading scores were
also included in the analysis. The results of a path analysis indicated that beliefs in quick/fixed
learning (i.e., learning can occur quickly and learning depends on ability rather than on effort)
negatively predicted mathematical problem-solving performance and GPA. Specifically, the more
students believed in quick/fixed learning, the lower their grade point average was, and the more
likely they were to get low results on mathematical problem-solving. A similar study was designed to
explore the associations between epistemological beliefs and mathematics performance among a
sample of 701 college students (Schommer-Aikins & Duell, 2013). The instruments included the
Epistemological Beliefs Questionnaire (Schommer, 1990), the beliefs about mathematical problem-
solving questionnaire and a mathematics performance test. The authors also investigated
mathematical cognitive depth (i.e., being able to identify the structural feature of a mathematical
problem), and mathematical background (i.e., the number of mathematics courses students
completed) in the research. Results showed that beliefs about quick learning indirectly predicted
mathematics performance through mathematics background and cognitive depth. It is important to
note that the results of this research also showed that there are associations between
epistemological beliefs about mathematics and beliefs about the nature of mathematics (i.e.,
mathematics is useful), and epistemological beliefs about mathematics have indirect effects on
mathematics performance through beliefs about the nature of mathematics, students’ mathematics

background, and cognitive depth (Schommer-Aikins & Duell, 2013).

Apart from Schommer’s studies, many other researchers have also explored epistemological
beliefs about mathematics and their associations with mathematics behaviour in general, and
mathematics achievement in particular. Muis (2004) reviewed the literature on epistemological
beliefs about mathematics and introduced the terms ‘availing belief’ (i.e., one that is positively
associated with quality learning and achievement) and ‘non-availing belief’ (i.e., one that is
negatively associated with quality learning and achievement). Based on many studies related to
beliefs about mathematics, Muis synthesised some important features of students’
epistemological beliefs. First, students usually hold non-availing beliefs (e.g., mathematics
knowledge is not changing, belief in innate ability). Second, although studies on epistemological
beliefs have been conducted and showed similar results, the problem with the reliability and
validity of measuring epistemological beliefs should be given greater focus. Third, the published
works on epistemological beliefs showed a lack of theoretical and methodological problems. In

terms of effect of epistemological beliefs on behaviour, Muis concluded that there is much
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evidence about the significant influence of epistemological beliefs on cognitive and motivational
factors and mathematics achievement. She proposed that modern statistical techniques should be
applied to analyse the complex relationships between these beliefs and students’ behaviours,
especially mathematics achievement (Muis, 2004). She also explored the relationship between
epistemological beliefs and students’ self-regulated learning during the mathematical problem-
solving process by using a qualitative approach (Muis, 2008). Muis claimed that students who hold
sophisticated epistemological beliefs perform better than students with simplistic epistemological
beliefs. Recently, Depaepe et al. (2016) also reviewed the research literature on mathematical
epistemological beliefs and found that mathematical epistemological beliefs are associated with

other types of beliefs about mathematics teaching and learning.

In terms of the using instruments to measure epistemological beliefs about mathematics, some
researchers have assumed that there is the same factor structure between general
epistemological beliefs and epistemological beliefs about mathematics (lannone & Simpson,
2019). Schommer-Aikins et al. (2003) and Buehl et al. (2002) adapted the general Epistemological
Beliefs Questionnaire (Schommer, 1990) by asking students to think about to domain-specific
when they answered the questionnaire. In contrast, Op’t Eynde et al. (2006b) proposed that
researchers in the field of mathematics education could also approach domain-specific
epistemological beliefs from a domain-specific belief system. They stated that “students’ beliefs
about knowledge and knowing in classroom mathematics seem to be very much the exponents of
interactions between the individual and the context, rather than the logical consequence of the
epistemological beliefs students hold at a more general level” (Op’t Eynde et al., 2006b, p. 68). The
authors proposed that when researching students’ domain-specific beliefs about knowledge and
knowing, researchers should use the term ‘epistemic dimensions’ rather than epistemological
beliefs. Op’t Eynde et al. (2006b) demonstrated their idea by analysing their Mathematics-Related
Beliefs Questionnaire (Op't Eynde & De Corte, 2003). For the purpose of the analysis, they focused
on the category of beliefs about mathematics education and proposed that epistemological beliefs

about mathematics are highly domain- and context-specific.

Additionally, some other scholars have developed new instruments for measuring epistemological
beliefs about mathematics. For instance, based on Schommer’s work about epistemological
beliefs, Hoffer (2000) and Buehl et al. (2002) developed their own questionnaires to measure
domain-specific epistemological beliefs to compare these beliefs across different domains such as

mathematics, social sciences, history, science, and psychology. Based on prior research about
30



epistemological beliefs, and the questionnaire from the Trends in International Mathematics and
Science Study (TIMSS), Kéller (2001) developed a questionnaire to measure students’
epistemological beliefs specifically about mathematics. This instrument has four main types of
beliefs: (1) certain knowledge, (2) simple knowledge, (3) constructivism conception, and, (4)
relevance of mathematics. This instrument was used to predict mathematics performance using
the results from TIMSS. The results showed that all the four types of epistemological beliefs about
mathematics are significant predictors of mathematics performance. Specifically, beliefs about the
certainty and simplicity of mathematical knowledge had negative effects on mathematics
performance, whereas beliefs about constructivism and relativism had positive effects on
mathematics performance (Koller, 2001). In order to examine the relationships between
mathematics achievement and learner-related variables, Nasser and Birenbaum (2005)
investigated the relationships between many different aspects of beliefs, motivational variables,
and mathematics achievement. The sample included 478 middle school students in Israel. They
designed a five-item scale to measure students’ epistemological beliefs. The Israel National
Assessment Test in Mathematics was used to measure mathematics performance. They also
measured students’ self-efficacy, attitude towards mathematics, and mathematics anxiety. The
results from structural equation modelling showed that epistemological beliefs had indirect effect

on mathematics achievement through students’ self-efficacy.

Another instrument to measure epistemological beliefs about mathematics was developed and
validated by Wheeler (2007). This instrument consists of seven main types of beliefs: (1) source of
knowledge, (2) certainty of knowledge, (3) structure of knowledge, (4) speed of knowledge
acquisition, (5) innate ability-general, (6) innate ability- personal, and (7) real-world applicability.
Some types of beliefs, such as beliefs about the certainty of knowledge and beliefs about innate
ability, are similar to those in Schommer’s questionnaire. However, Wheeler added more
guestions in each of the above types of beliefs and a new type about the real- world applicability
of mathematics. This component included 11 questions about the application of mathematics
knowledge in real-world life, such as “understanding mathematics is important for
mathematicians, economists, and scientists but not for most people”, and “mathematics helps us

better understand the world we live in” (Wheeler, 2007, p. 96).

2.3.1.3 Beliefs about the certainty of mathematics knowledge and their effect on achievement
To recap, beliefs about the certainty of knowledge examine whether knowledge is considered

absolute or changing. In general, the certainty of knowledge is an important construct of
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epistemological beliefs (Schommer, 1990). Prior research showed that students tended to view
mathematics knowledge as more certain than other disciplines (Baxter Magolda, 2002; Buehl &
Alexander, 2005; Hofer, 2000) and also indicated that there are relationships between beliefs in
the certainty of knowledge and learning (Hofer, 2000; Hofer & Pintrich, 1997; Schommer, 1990;
Schraw et al., 1995). For example, the more students believed that knowledge is certain, the more
likely they are to misinterpret tentative conclusions (Schommer, 1990). Beliefs in certain
knowledge have been found to be negatively related to graded academic performance (Hofer,
2000). Moreover, Schommer (1998) highlighted that while students who believed that knowledge
is simple and certain were likely to have single answer to a question, students who believed

knowledge is about complex and tentative tend to have complex answers to a question.

In addition to the research on the certainty of knowledge in general, there has been research
focusing on specific domains, especially mathematics (Buehl & Alexander, 2005; Schommer &
Walker, 1995). Schommer and Walker (1995) investigated the similarities of epistemological
beliefs in mathematics and in the social sciences, and examined the effect of these beliefs on
comprehension. A questionnaire to measure their epistemological beliefs (including beliefs about
the certainty of mathematics knowledge) was completed by 114 undergraduate students.
Students also read a passage (mathematics or social sciences) and took a test about their
understanding of the passage. Regression analysis showed that the certainty of mathematics and
social science knowledge predicted social sciences passage comprehension. In other words, the
more students believed in certain knowledge in mathematics or social sciences, the worse they
performed on social sciences passage comprehension. In another study, Schommer-Aikins (2008)
explored university students’ and professors’ epistemological beliefs. She applied a qualitative
aproach using semi-structured interviews with twenty students and four mathematicians. In
regards to beliefs about the certainty of mathematics, she asked participants to write down the
percentages responding to statements, such as “Percent of mathematical knowledge that is
unchanging”, or “Percent of mathematical knowledge that is always changing or evolving”
(Schommer-Aikins, 2008, p. 308), following up with in-depth interview questions. She concluded
that, generally, students had strong beliefs about the certainty of mathematics knowledge and

many students even believed that mathematics knowledge is entirely unchanging.

Buehl (2003) examined the relationships between epistemological beliefs about mathematics and
history and other different constructs such as beliefs about ability, expectancies for success,

achievement values, and performance. The sample consisted of 482 undergraduate students.
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Measures of the research included epistemological beliefs, competency beliefs, achievement
values, and a learning performance task. Employing structural equation modelling techniques for
the domain of mathematics, Buehl found that although beliefs about the certainty of mathematics
do not directly or indirectly predict mathematics performance, these beliefs directly influence
beliefs about mathematics ability and mathematics achievement values. Using the data from the
above research, Buehl and Alexander (2005) also studied the differences of students’
epistemological beliefs in history and mathematics. They claimed that students who believe more

in the certainty of mathematics knowledge had lower levels of motivation and task performance.

Cano (2005) also investigated the relationships between epistemological beliefs, approaches to
learning, and academic performance of secondary students by adapting the Epistemological
Beliefs Questionnaire (Schommer, 1990). The results of path analysis showed that, although
beliefs about the certainty of knowledge did not directly predict academic performance, these
beliefs had indirect effect on academic performance through the approaches of learning (Cano,
2005). Specifically, the more students believed knowledge is certain, the more students
approached learning through surface strategies (instead of deep strategies), and the less students

performed well on academic achievement.

Muis and Foy (2010) investigated the associations among teachers’ beliefs, students’ beliefs,
motivation and mathematics performance in elementary schools in USA. For students, beliefs
about the certainty and simplicity of knowledge in mathematics were included. Results from
structural equation modelling showed that beliefs about the certainty and simplicity of knowledge
in mathematics indirectly predicted mathematics performance through achievement goals (both
mastery goals and performance goals) and students’ self-efficacy. As mentioned elsewhere in this
chapter, Schraw et al. (1995) explored the relationship between epistemological beliefs and
problem-solving. They also found that beliefs about certain knowledge are related to ill-defined

problem-solving.

While the results of the above research showed that beliefs about the certainty of mathematics
knowledge have direct or indirect effects on other types of mathematics-related beliefs and
mathematics performance, some research also showed that there are non-significant links between
these beliefs and achievement. Schommer-Aikins et al. (2005) measured beliefs about the certainty
of knowledge and examined the relationships with beliefs about mathematical problem-solving and

performance of middle school students. Results of regression analysis showed that there was no
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statistically significance between these beliefs and achievement. In a similar study in 2013, she and
her colleagues also reached the same conclusion a the sample of college students (Schommer-Aikins
& Duell, 2013). Lodewyk (2007) investigated the effect of secondary school students’
epistemological beliefs on academic achievement and task performance with a sample of 447 tenth
grade students. The author also used Schommer’s questionnaire which included beliefs about the
certainty of knowledge along with students’ overall academic achievement (including mathematics)
as students’ achievement. Results from a regression analysis showed that beliefs about the certainty
of knowledge did not predict academic achievement and task performance. Phan (2008)
investigated the relationship between epistemological beliefs (including beliefs about certainty of
knowledge) and students’ self-efficacy. The results of multiple regression analysis showed that
beliefs about certainty of knowledge negatively predicted mastery goal orientation but these beliefs

did not significantly predict self-efficacy and students’ use of self-regulatory strategies.

To summarise, over the last three decades, epistemological beliefs have drawn much attention from
researchers in different disciplines, and Schommer’s research has been considered influential as she
examined epistemological beliefs as a system. Epistemological beliefs have been found to be an
important component of students’ beliefs in general, and to influence different aspects of learning
and educational outcomes. Apart from domain-general epistemological beliefs, many researchers
have focused on domain-specific epistemological beliefs, including mathematics. There has been
much evidence about how epistemological beliefs about mathematics directly and indirectly
influence mathematics performance. Among various beliefs constructs of epistemological beliefs,
prior research revealed the important role of beliefs about the certainty of mathematics in the
mathematics learning process, especially mathematics achievement. However, from the above
review, it can be seen that beliefs about the certainty of mathematics influenced mathematics
performance in different ways within different samples. For example, within the sample of
undergraduate students, these beliefs directly predicted mathematics performance, whereas for

secondary school students, these beliefs indirectly or non-significantly predicted performance.

2.3.2 Beliefs about the usefulness of mathematics

Beliefs about the usefulness of mathematics have been found as an important component of
mathematics learning (Arikan, van de Vijver, & Yagmur, 2016; Kloosterman & Stage, 1992;
Schommer-Aikins et al., 2005). This section reviewed research on beliefs about the usefulness of

mathematics and their influence on mathematics performance.
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Although there have been different instruments measuring beliefs about the usefulness of
mathematics, a commonly used instrument has been the Fennema-Sherman Mathematics
Attitude Scale by Fennema and Sherman (1976), and other forms of this instrument which were
re-validated and adapted (Broadbooks, EImore, Pedersen, & Bleyer, 1981; Mulhern & Rae, 1998;
Wikoff & Buchalter, 1986). For example, Kloosterman and Stage (1992) designed a questionnaire,
the Indiana Mathematics Beliefs Scale, to measure beliefs about mathematical problems solving.
They also recommended that, when using this scale, researchers should also include beliefs about
the usefulness of mathematics from the Fennema-Sherman Mathematics Attitude Scale. Using this
scale, Schommer-Aikins et al. (2005) investigated the relationships between beliefs about the
usefulness of mathematics and their mathematical problem-solving performance. The results of a
path analysis indicated that beliefs in the usefulness of mathematics predict mathematical
problem-solving performance. In other words, the less students believe in the usefulness of
mathematics, the less likely they are to solve mathematical problem successfully. In this research,
they also found that beliefs about the usefulness of mathematics act as a mediator between
epistemological beliefs and mathematics achievement. Specifically, the more students believe in
fixed/quick learning, the less students believe in the usefulness of mathematics, and the less

students perform well in solving mathematical problem.

Apart from research using the Fennema-Sherman Mathematics Attitude Scale, many other
researchers have investigated beliefs about the usefulness of mathematics using other instruments.
For instance, Midgley et al. (1989) investigated the relationships between student/teacher relations
and attitudes toward mathematics during transition to junior high school, and beliefs about the
importance and usefulness of mathematics were included in the category of attitudes toward
mathematics. The instrument to measure these beliefs included four items develop by Parsons
(1980, cited in Midgley et al., 1989). The sample consisted of 1,301 sixth grade students. They found
that, within the group of low-achieving students, their beliefs about the importance and usefulness
of mathematics were negatively associated with their mathematics-related achievement. As
mentioned earlier in the section about epistemological beliefs, Koller (2001) developed a
guestionnaire to measure students’ epistemological beliefs specifically about mathematics, and the
construct of relevance of mathematics had many statements related to the usefulness of
mathematics. In this study, Koller found that the construct of relevance of mathematics directly
predicted mathematics achievement. Additionally, the results showed that this construct also

indirectly predicted mathematics achievement through mathematics interest (Kéller, 2001).
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Kadijevich (2008) asserted that beliefs about usefulness of mathematics is one of three major
dimensions of attitudes toward mathematics. He examined TIMSS data from 33 countries to
ascertain associations between beliefs about usefulness of mathematics, mathematics interest,
self-confidence and mathematics performance. Kadijevich (2008) used four 4-point Likert scale
items to measure beliefs about usefulness of mathematics. The results of regression analysis
showed that beliefs about usefulness of mathematics are positively related to mathematics
performance for almost all countries. The author also found positive relationships between these
beliefs and mathematics achievement considerably varied from country to country (Kadijevich,
2008). Drawing on Kadijevich’s (2008) research, Vandecandelaere et al. (2012) examined the
relationships between students’ perceptions of the learning environment and three aspects of
their attitudes toward mathematics, including beliefs about usefulness of mathematics. The
authors claimed the higher the mean cognitive abilities of the class group were, the more valuable
mathematics was perceived. Espinosa (2018) investigated the relationship between beliefs about
the usefulness of mathematics, self-confidence in mathematics ability and performance with a
sample of 306 undergraduate students. Results of hierarchical regressions analysis indicated that,
with students have low self-confidence, there was a negative relationship between students’

beliefs that mathematics is useful and their mathematics performance.

It is worth noting that there is also evidence from prior research showing that beliefs about the
usefulness of mathematics do not significantly predict mathematics performance. For example,
Pajares & Miller (1994) designed a study using path analysis to examine the relationships between
different constructs including beliefs about the usefulness of mathematics and mathematics
performance. The researchers recruited 350 undergraduate students to participate in this research
and results showed that there was no significant relationship between these two constructs. Using
TIMSS data, Arikan et al. (2016) investigated factors influencing Turkish students’ achievement in
mathematics in comparison to Australian students. In this research, among other factors, they
examined the relationship between beliefs about the usefulness of mathematics (‘valuing
mathematics’) and mathematics achievement. The results of structural equation modelling

showed that valuing mathematics is not significantly related to achievement in either country.

Looking at the studies mentioned above, it can be seen that beliefs about the usefulness of
mathematics are one of the important factors that influence mathematics performance with many
different instruments used to measure this construct. However, prior research revealed

inconsistencies in the way these beliefs influence mathematics performance. They may directly
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influence mathematics performance, as well as being a mediator, or can be mediated by other
beliefs constructs. For example, beliefs about the usefulness of mathematics have been found to
be a mediator between epistemological beliefs and mathematical problem-solving performance in

Schommer-Aikins et al.’s (2005) research.

2.3.3 Beliefs about mathematical problem-solving

Mathematical problem-solving has long been seen as one of the most crucial components of
mathematics education, including teaching and learning mathematics (Liljedahl, 2019). Within
research related to this issue, beliefs about mathematical problem-solving have been considered an
important factor. As previously mentioned, Schoenfeld (1985a) emphasised that students’ beliefs are
crucial contributors to the success or failure of mathematical problem-solving. He found that solving
problems is believed to be mostly about the memorisation of rules and procedures (Schoenfeld, 1989).
Garofalo (1989) found that many students believed that they could apply procedures and formulas to
solve most of mathematics problems, so they tend to try memorising those facts, rules and
procedures. However, research literature has shown the inconsistences in categorising beliefs about
mathematical problem-solving. For example, while Kloosterman and Stage (1992) proposed that this
category of beliefs include five specific constructs (which will be discussed in detail later), Op’t Eynde
et al. (2002) defined this category as a part of beliefs about learning and problem-solving which fall
under beliefs about mathematics education. Although overlap in categorising mathematics-related
beliefs has been widely accepted by many researchers because of their dependences in each other
(Diego-Mantecdn et al., 2019), in order to avoid repetition of different types of beliefs, this section
only discusses beliefs about mathematical problem-solving proposed by Kloosterman and Stage (1992)

and presents some important results from the research literature using these beliefs.

In order to measure beliefs about mathematical problem-solving, Kloosterman and Stage (1992)
designed an instrument known as The Indiana Mathematics Beliefs Scale. After pilot testing with 50
items within five different categories of beliefs, the final 30-item scale was administered to 517
college students. The instrument consisted of the five following belief constructs: (1) beliefs
regarding whether students can solve time-consuming mathematics problems; (2) beliefs regarding
the nature of word problems; (3) beliefs regarding the importance of understanding mathematical
concepts; (4) beliefs about word problems; and, (5) beliefs regarding the role of effort in
mathematics ability. The issues of word problems are beyond the scope of the present research

therefore, this section will discuss only the other four constructs.
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2.3.3.1 Beliefs regarding whether students can solve time-consuming mathematics problems
According to Kloosterman and Stage (1992), this category is worth investigating because prior
research, such as Schoenfeld’s (1988) work, showed that, in general, many mathematics learners
believe that every mathematics problems can be solved within five minutes. As a result, they may
give up on problems that take more than five minutes to solve. This category appears as “I can
solve time-consuming mathematics-problems”. There are six items in this scale with three positive
wording items (e.g., “Math problems that take a long time don’t bother me”) and three negative
wording items (e.g., “If | can’t do a math problem in a few minutes, | probably can’t do it at all”)

(Kloosterman & Stage, 1992, p. 115).

2.3.3.2 Beliefs regarding the nature of word problems

Based on prior research, Kloosterman and Stage (1992) argued that, generally, students believe that
there are always rules, formulas, or procedures to follow in mathematics. As a consequence, when
they do not find a suitable rule for a problem, they may give up or apply an inappropriate rule.
Kloosterman and Stage (1992) developed this category to measure to what extent students believe
otherwise, but applied it to word problems rather than mathematics problems in general. This
category was called “There are word problems that cannot be solved with simple, step-by-step
procedures”. There are six items in this scale with three positive wording items (e.g., “Memorising
steps is not that useful for learning to solve word problems”) and three negative wording items
(e.g., “Learning to do word problems is mostly a matter of memorising the right steps to follow”)

(Kloosterman & Stage, 1992, p. 115).

2.3.3.3 Beliefs regarding the importance of understanding mathematical concepts

Kloosterman and Stage (1992) synthesised different results from prior research and concluded that
while some students believe that it is important to understand mathematical procedures behind
giving a correct answer, many other students believe that learning mathematics is mostly
memorisation. Therefore, they developed the construct, namely, “Understanding concepts is
important in mathematics” to measure beliefs about regarding the importance of understanding
mathematics. This construct has six items with three positive wording items (e.g., “In addition to
getting a right answer in mathematics, it is important to understand why the answer is correct”)
and three negative wording items (e.g., “It’s not important to understand why a mathematical

procedure works as long as it gives a correct answer”) (Kloosterman & Stage, 1992, p. 115).
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2.3.3.4 Beliefs regarding the role of effort in mathematics ability

This scale was first developed by Kloosterman (1988). He investigated effort as a mediator of
mathematics ability in relations to other constructs such as self-confidence. He defined effort as a
mediator of mathematics ability as “the extent to which students felt that continued effort in
mathematics would result in greater ability to do mathematics” (Kloosterman, 1988, p. 348). He
developed a Likert-type scale with six items (e.g., “working can improve my mathematics ability”).
He claimed that a high score on this scale indicated an incremental view of ability in that a high
score indicated a feeling that sustained effort will improve the ability to perform well in
mathematics. A low score on this scale indicated a feeling that mathematical ability is fixed and that
effort may make no difference. The research explored the relationships between self-confidence
and effort as a mediator of mathematics ability (Kloosterman, 1988). Results of regression analysis
showed that effort as a mediator of mathematics ability is positively associated with students’ self-
confidence. Particularly, students with an incremental view of ability are confident in themselves as
learners of mathematics. Kloosterman and Stage (1992) included this construct in the Indiana
Mathematics Beliefs Scale. This construct has six items with positive wording items (e.g., “By trying

hard, one can become smarter in math”) (Kloosterman & Stage, 1992, p. 115).

The Indiana Mathematics Beliefs Scale has been used by a number of researchers in different
ways to investigate students’ mathematics-related beliefs and the effects of these beliefs on
mathematics performance. Some researchers examined the structure this scale (Ayebo & Mrutu,
2019; Berkaliev & Kloosterman, 2009), and confirmed the stability of this structure. Mason (2003)
used this scale to examine the effect of Italian students’ beliefs about mathematics on their
grades. She recruited 599 high school students in Italy to participate in this research. Twenty-four
students who had lowest and highest scores on the questionnaire were also invited to participate
in interviews. The students’ mathematics grades were used as measures of mathematics
achievement. She found that correlations between scales were low. This suggested that there
were only small overlaps between these constructs. Another result showed that the strongest
predictor of mathematics achievement is beliefs regarding students’ perceived ability to solve
time-consuming problems following by beliefs regarding the nature of word problems and beliefs
regarding the importance of understanding mathematical concepts. Mason also found that
beliefs about the value of effort to improve mathematical ability did not predict students’

mathematics performance.
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In another study, Schommer-Aikins et al. (2005) examined the associations between beliefs about
mathematical problem-solving and mathematics performance. The results of a path analysis
indicated that these beliefs did not significantly predict mathematics performance (except beliefs
about the usefulness of mathematics, as discussed in the previous section). In a similar study,
Schommer-Aikins and Duell (2013) also used the Indiana Mathematics Beliefs Scale (Kloosterman
& Stage, 1992) to measure students’ beliefs about mathematical problem-solving. However, due to
the very low correlations between these belief constructs with mathematics performance, not all
of these beliefs could be used in the final model in this research. Sangcap (2010) studied the
relationships between students’ beliefs about mathematics and mathematical problem-solving in
the Philippines using an adaptation of the Indiana Mathematics Beliefs Scale with a sample
comprising 336 university students. The results showed that Filipino students believed that effort
can increase one’s mathematical ability, but they did not believe that word problems are
important in mathematics and that they can solve all problems by using simple procedures.
Abedalaziz and Akmar (2012) also used this scale to investigate students’ beliefs about
mathematical problem-solving with 592 Malaysian secondary school students. They reported

that Malaysian students had moderate levels of beliefs about mathematical problem-solving.

Prendergast et al. (2018) examined beliefs about mathematical problem-solving of Irish students.
They recruited 975 secondary school students across year levels to undertake the Indiana
Mathematics Beliefs Scale (Kloosterman & Stage, 1992). In terms of beliefs regarding the nature of
word problems, results showed that students in higher level of secondary education are more
positive in these beliefs in comparison to other groups. Regarding beliefs about the importance of
understanding mathematical concepts, results showed that the level of agreement with this

construct was higher among the students in the lower level of secondary education.

Going back to Muis and Foy’s (2010) work, they found that beliefs about the need for effort to
learn mathematics have indirect effect on mathematics achievement through achievement goals
(including both mastery goals and performance goals) and students’ self-efficacy. Yuanita and
Zulnaidi (2018) investigated the role of mathematical representation when they examined the
relationships between beliefs about mathematical problem-solving and mathematical problem-
solving performance of 426 secondary school students. The authors used the Indiana
Mathematics Beliefs Scale to measure beliefs about mathematical problem-solving. The results
from structural equation modelling showed that these beliefs both directly and indirectly

(through mathematical representation) predicted mathematical problem-solving performance.
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From the above review, it is worth noting that the Indiana Mathematics Beliefs Scale is viewed as
an important scale to investigate students’ beliefs about mathematical problem-solving. Five belief
constructs have been found to directly or indirectly influence mathematical problem-solving and
mathematics performance. However, it can be seen that within the Indiana Mathematics Beliefs
Scale, apart from beliefs about word problems, the other four factors could be divided into two
subcategories. The first category included “beliefs regarding the importance of understanding
mathematical concepts” and “beliefs regarding the nature of word problems”. In this category, if
“word problem” was to be replaced by “mathematics problem”, this construct would measure
beliefs about mathematical problem-solving in general rather than word problems. By doing so,
this construct would reflect the nature of beliefs about mathematical problem-solving, namely
that it is about memorisation of rules and procedures, and about finding the correct answers. The
second category included the factors “beliefs regarding the role of effort in mathematics ability”
and “beliefs regarding whether students can solve time-consuming mathematics problems”. If
effort is viewed in terms of the amount of time students spend on learning mathematics, the
factor of “beliefs regarding whether students can solve time-consuming mathematics problems”
in the Indiana Mathematics Beliefs Scale may also be considered as a facet of beliefs about the

importance of effort.

2.3.4 Beliefs about the self as a mathematics learner

A previous section in this chapter about different frameworks of mathematics-related beliefs
showed that all of the examined frameworks included beliefs about the self as a mathematics
learner. However, within this category of beliefs, there are different approaches as to what kinds
of beliefs they belong to. For example, Op’t Eynde et al (2002) proposed that beliefs about the self
as a mathematics learner included four different constructs: (1) self-efficacy beliefs; (2) control
beliefs; (3) task value beliefs; and (4) goal orientation beliefs. Pehkonen (1995) also proposed
beliefs about the self and he recommended researchers could add their desired constructs to this
category of beliefs. Roesken et al. (2011) also developed a framework including seven different
constructs of students’ views about themselves as mathematics learners. Using correlation
analysis between these seven constructs, they suggested that three constructs (mathematics
ability, difficulty of mathematics, and success) are highly correlated to each other and should be
considered core to students’ views of themselves as mathematics learners. For the purpose of the
present research, this section addresses some research literature about two types of beliefs,

namely, beliefs about mathematics ability and self-efficacy beliefs. The justification for choosing
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these two constructs as a part of beliefs about self as a mathematics learner will be explained in

Chapter 3. This section will review the literature about these two constructs.

2.3.4.1 Beliefs about mathematics ability

Before discussing beliefs about mathematics ability, it is necessary to mention the theory of
ability. Researchers proposed a distinction between two components of ability theory: the entity
theory of ability and the incremental theory of ability (Dweck, 1986, 2000). The entity theory of
ability argued that ability is innate, and it do not emphasise the role of effort. Dweck and her
colleague (Dweck, 1986; Dweck & Leggett, 1988) suggested that an entity theory promotes
students to think about performance because of their innate ability. Dweck and her colleague
argued that an entity theory of ability is associated with the traditional beliefs where students pay
attention to the correctness. In contrast, according to the incremental theory of ability, ability
develops as a consequence of effort and learning. In the incremental theory of ability, students
put their efforts to solve problems and they are likely to ignore their intelligence when they
explain their difficulty or failure. Research by Dweck and Legget (1988) supported the idea that
beliefs about ability also play an important role in the learning process. In general, they found that
when students faced a difficult problem, those who believed the ability to learn is innate tend to
have helpless behaviour, while those with a strong belief that the ability to learn can improve will

persist and try different strategies (Dweck & Leggett, 1988).

As discussed in the section about epistemological beliefs in this chapter, inspired by Dweck’s
(Dweck, 1986; Dweck & Leggett, 1988) work, beliefs about innate ability is one of four important
types of epistemological beliefs (Schommer, 1990). However, researchers recommended that this
construct should not belong to the epistemological belief system (Hofer & Pintrich, 1997).
Schommer (2004) re-conceptualised epistemological beliefs as a multidimensional construct
consisting of two components (beliefs about knowledge and beliefs about learning), and she
claimed beliefs about innate ability sit within the latter component. There are a few studies on this
construct in the literature. Some researchers adapted the general-domain of this construct from the
Epistemological Beliefs Questionnaire (Schommer, 1990) and there have been variations in terms of
the results. For example, along with other results that were summarised in previous sections from
Schommer’s (1993) work, she found that beliefs about innate ability negatively predict students’
GPA. However, in other research, Schommer concluded that beliefs about innate ability did not
predict mathematics performance and mathematical problem-solving ability (Schommer-Aikins &

Duell, 2013; Schommer-Aikins et al., 2005). When developing the Epistemological Beliefs
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Questionnaire for mathematics, Wheeler (2007) also included a scale about innate ability in
mathematics. Although Wheeler focused only on validating the construct, it is important to note

that this scale measures students’ beliefs about mathematics ability.

Many researchers have used the term ‘intelligence’ instead of ‘innate ability’, and they have
studied beliefs about intelligence as well as the relationships between these beliefs and
mathematics performance. Stipek and Gralinski (1996) examined the relationships between beliefs
about intelligence and mathematics performance in a longitudinal study. They measured different
kind of beliefs, including: (1) ability is stable and unaffected by effort; (2) performance is stable
and only modestly affected by effort; (3) intelligence is a specific and global cause of academic
performance; (4) effort is a cause of academic performance; and, (5) effort increases intelligence
(Stipek & Gralinski, 1996). The results of factor analysis indicated two measures that apply to their
research, namely, ability-performance beliefs and effort-related beliefs. Mathematics grades and
the mathematics achievement test scores were used as mathematics performance measures. A
sample of 319 students from third grade to sixth grade was recruited. The research included two
phases. The first phase was conducted within the first four months of the school year, and the
second about two months later. The authors found many interesting results. First, children who
claim that they cannot do much about intelligence also believe that ability and performance do
not change over time. Second, their beliefs about intelligence and performance do not change
over their school year. Third, ability-performance beliefs that were measured earlier in the year
were strongly and negatively associated with mathematics achievement. Reflecting on Lodewyk’s
(2007) research, in terms of beliefs about innate ability, Lodewyk found that beliefs about fixed

and quick ability to learn predicted overall academic achievement.

Bonne and Johnston (2016) examined the relationships between beliefs about intelligence,
mathematics self-efficacy, and mathematics performance through an intervention program. After
piloting the instruments with 121 students, the main study was conducted with 91 students aged
from seven to nine years old in New Zealand. They used six items from Dweck’s (2000) work to
measure beliefs about intelligence including incremental and entity beliefs about intelligence.
Students were measured through three stages of the research with the intervention. The results
showed significant relations between mathematics achievement and incremental or entity beliefs
about intelligence. Additionally, at post-intervention, it was found that mathematics self-efficacy
beliefs were positively and significantly correlated with incremental beliefs and negatively with

entity beliefs. For the intervention group, the results revealed that these correlations were
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stronger, whereas for the comparison group, only post-intervention self-efficacy and entity beliefs

were significantly correlated.

The construct of beliefs about innate ability (intelligence) has drawn attention from many
researchers inspired by Dweck’s theory of intelligence. These beliefs were also incorporated within
the Epistemological Beliefs Questionnaire (Schommer, 1990) as one of the constructs of
epistemological beliefs. Prior research showed that there are relationships between these beliefs
and mathematics performance. However, similar to some other belief constructs, there have been
inconsistencies in results that showed direct, indirect, or non-significant associations with
mathematics performance. Additionally, some researchers argued that these beliefs should belong
to the category of beliefs about learning instead of the epistemological belief system (Hofer &
Pintrich, 1997). The researcher of the present research agreed with this approach when
considered these beliefs as an important component of beliefs about the self as a learner. This

issue will be discussed further in the next chapter.

2.3.4.2 Self-efficacy beliefs about mathematics

There are several definitions of self-efficacy beliefs but Bandura’s (1977) definition has been
generally accepted among researchers. These beliefs refer to the confidence of individuals about
their ability to solve specific problems (Bandura, 1977, 2006). Self-efficacy has been found to have
a significant relationship with different constructs, including academic performance (Ferla, Valcke,
& Cai, 2009; Pajares & Graham, 1999). Regarding mathematics learning in schools, self-efficacy has
been found to be one of the most important factors that influences students’” mathematics
performance (Pajares, 2006). Indeed, mathematics self-efficacy beliefs have been found to be one
of the strongest predictors of success in solving specific mathematical problems over other
important constructs such as mathematics anxiety or previous mathematics experience (Pajares &
Miller, 1994). There is much evidence about the direct associations between self-efficacy and
mathematics performance in the body of scholarship. Liu and Koirala (2009) investigated the
relationship between mathematics self-efficacy and mathematics performance of high school
students. A sample of 11,726 secondary school students participated in the research. Results of
correlation and regression analysis showed that there were relationships between mathematics
self-efficacy beliefs and mathematics performance. Specifically, the higher students’ self-efficacy
beliefs were, the better students performed on mathematics tests. Reflecting to Muis and Foy’s
(2010) work, they concluded that students’ self-efficacy beliefs strongly and directly predict

mathematics achievement. Manzano-Sanchez (2018) also reviewed the research literature on the
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relationships between self-efficacy and academic performance. They found strong and positive

relationships between these two constructs at different levels of education.

Along with investigation about self-efficacy beliefs and how they directly influence mathematics
performance, some researchers have also examined the relationships among mathematics self-
efficacy, other beliefs constructs, and mathematics performance. For example, Kabiri and
Kiamanesh (2004) investigated the relationships between mathematics self-efficacy, mathematics
attitude, mathematics anxiety, prior mathematics achievement, and present mathematics
achievement with a sample of 366 eighth grade students in Tehran. By using a path analysis
model, the authors found that there were many direct and indirect associations between those
constructs. Results showed that all four constructs of the research directly predicted mathematics
achievement. Another result showed that mathematics self-efficacy and mathematics anxiety
were mediators between mathematics attitudes as well as prior mathematics achievement and
mathematics performance. Hoffman and Schraw (2009) conducted a study to explore the effect of
mathematics self-efficacy, working memory capacity on problem-solving efficiency, mathematical
problem-solving performance, and the time taken to solve mathematical problems. Along with
other results, the authors found that self-efficacy was positively associated with mathematical
problem-solving efficiency. Yusuf (2011) investigated the associations between self-efficacy,
motivation, leaning strategies and mathematics achievement across a sample comprising 300
undergraduate students. The results of path analysis indicated that self-efficacy beliefs had both
direct and indirect effect on mathematics performance. Motivation and learning strategies also
directly influenced mathematics performance, as well as acted as mediators between mathematics

self-efficacy and mathematics achievement (Yusuf, 2011).

Some researchers have also used modern techniques, such as structural equation modelling, to
explore mathematics self-efficacy in relation to other beliefs constructs and mathematics
performance. Among other constructs, Nasser and Birenbaum (2005) investigated the associations
between epistemological beliefs and self-efficacy beliefs with mathematics achievement within
Jewish and Arab groups of students in Israel. The results of structural equation modelling showed
that, in both groups, self-efficacy beliefs were the mediator between epistemological beliefs and
mathematics performance. Zarch and Kadivar (2006) constructed a structural model to examine the
relationship between mathematics ability, mathematics self-efficacy, and mathematics
performance. They recruited 848 eighth grade students in Iran to participate in the research. The

instrument included the mathematics self-efficacy and mathematics ability scale. The mathematics
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ability scale had 14 items measuring two different components: conceptual ability and strategic
ability. The authors also assessed mathematics performance by using a self-designed test with 15
open-ended items. The results of structural equation modelling indicated that the overall model fit
the data reasonably well. Specifically, mathematics ability directly predicted mathematics self-
efficacy and mathematics performance, and mathematics self-efficacy also directly predicted
mathematics performance. As a result, mathematics ability also indirectly predicted mathematics
performance through mathematics self-efficacy beliefs. Hailikari et al. (2008) studied 139 university
students regarding the relationships between academic self-beliefs (including self-efficacy), prior
knowledge, and students’ GPA. Even using a small sample, the proposed model fitted well with the
data. They found that prior knowledge and students’ GPAs directly predicted mathematics
achievement. The results also showed that prior knowledge was a mediator between academic self-
efficacy and mathematics achievement. Unlii and Ertekin (2017) investigated factors (including
anxiety, attitude, and self-efficacy) influencing geometry achievement using structural equation
modelling. The results showed that these factors strongly and positively predicted geometry
achievement. In another study, Xu and Jang (2017) investigated the role of self-efficacy beliefs as a
mediator between different extracurricular activities such as video gameplay, internet use , TV
viewing and mathematics performance. The results of structural equation modelling showed that all
extracurricular activities included in the research indirectly predicted mathematics achievement

through self-efficacy.

Mathematics self-efficacy beliefs are key constructs within the mathematics-related belief system.
There have been many studies about these beliefs and how they influence students’ learning and
outcomes. Most prior research showed strong and positive relationships between these beliefs
and mathematics performance. Additionally, mathematics self-efficacy has been found to be also a
mediator between several belief constructs of different beliefs categories such as epistemological

beliefs, beliefs about the nature of mathematics, and beliefs about the self.

2.3.5 Students’ perceptions of teachers’ practices

Students’ beliefs about mathematics teaching are another important component of mathematics-
related beliefs (McLeod, 1992; Op’t Eynde et al., 2002; Pehkonen, 1995; Underhill, 1988), and
researchers have also focused on these beliefs from students’ perspectives. Kloosterman (1996)
investigated the relationships between students’ beliefs about their teachers’ role and students’

motivation. Kloosterman (1996) argued that the more students believe in transmissive teaching of
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their teachers, the less motivated they were to learn mathematics. When proposing the
framework of students’ mathematics-related belief system, Op’t Eynde et al. (2002) stated that
beliefs about the mathematics class context forms one of three important categories. Within this
component, exists the construct, ‘beliefs about the role and the functioning of their teacher’. This
construct measures students’ perceptions about the friendliness and encouragement of
mathematics teachers in teaching and learning. Using this construct to measure students’ views of
teachers’ practices, these authors claimed if students expressed positive beliefs about their
teacher, they tended to believe that mathematics is useful, and they felt more confident about

doing mathematics (Op’t Eynde et al., 2006a).

Some other scholars also used this construct in their research. Tarmizi and Tarmizi (2010) adapted
this construct to investigate relationships with other factors. In this research, they also adapted
the scale of students’ beliefs in mathematical competency from Op’t Eynde et al. (2002).
Furthermore, the authors also included gender, mathematics grades, and ethnicity in the analysis
of data for the research. Results from standard multiple regression analysis showed that students’
beliefs about the role and the functioning of their teacher were strongly and positively associated
with their beliefs about being mathematically competent. The results also showed significant
relationships between students’ mathematics grades, gender, and students’ beliefs about being
mathematically competent. Wang et al. (2019) also used this construct to investigate the
associations with Chinese students’ perceptions praise from teachers praise and their own
perceived mathematics achievement. The results of ANOVA analysis showed that there are
relationships between these three constructs. Andrews et al. (2011) also used this construct to
conduct a comparative study between three European countries. They found that although no
difference in structure of students’ beliefs about the role and the functioning of their teachers
between those countries could be found, these beliefs still varied across countries. Andrews and
Diego-Mantecdn also adapted this construct for healthcare research and concluded that, among

other belief constructs, the construct is reliable and valid (Andrews & Diego-Mantecén, 2015).

Research literature has also produced evidence about students’ perceptions of their teachers’
motivational behaviour and their relationships with other facets of learning process. Meiyue et al.
(2008) investigated teachers’ and students’ beliefs about mathematics teaching in China. The
results showed that most students believed that the nature of mathematics teaching is the process
of their construction and mathematisation, and the purpose of mathematics teaching is to help
students understand the concepts, acquire the skills, solve problems, and learn to apply creativity
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to mathematics. Another finding revealed that students think that the good way to teach
mathematics is for a teacher to pay more attention to the textbook, express their own opinion,
solve one problem in different ways, lead students to think and explore, and pay attention to
students’ learning processes. Ampadu (2012) examined students’ perceptions of their teachers’
teaching methods and how it impacted on their learning experiences with 258 junior high schools
students. The results showed that students’ perceptions of their teachers’ teaching varied because
their teachers used both teacher-centred and student-centred teaching approaches. The results
also showed that teachers’ action and inaction influenced positively or negatively students’
learning experience. Murdock and Miller (2003) also studied the relationships between students’
perceptions of the teacher and academic outcomes with 206 middle school students participating
in the research. In this study, students’ perceptions about teacher caring were measured. The
results of a hierarchical regression analysis showed that students’ perceptions about teacher

caring influenced their self-efficacy and their values.

Apart from the research on different aspects of students’ beliefs about mathematics teaching, a
few researchers have also been interested in their influence on mathematics achievement. Along
with reading and english as two domains of the research, You et al. (2016) investigated the effects
of students’ perceptions of teachers’ motivational behaviours on mathematics achievement in a
longitudinal research project. The authors recruited 6,227 middle school students in Korea to
measure different aspects of students’ associated constructs, namely, students’ perceptions of
teachers’ motivational behaviours, mathematics self-efficacy, and intrinsic motivation. The
research was implemented over three years, starting when the students were in seventh grade.
Results of structural equation modelling showed that although students’ perceptions of teachers’
motivational behaviours did not directly predict mathematics achievement, they were mediated

by students’ mathematics self-efficacy and students’ intrinsic motivation.

To date, however, little is known about students’ perceptions of mathematics teachers’ practices

and how they influence mathematics achievement.

2.3.6 Differences in mathematics-related beliefs research

This section reviews research on the differences in mathematics-related beliefs between female

and male students, as well as between low and high performers.

In terms of gender differences, although De Corte et al. (2002) argued that there are few studies on

gender differences about mathematics-related beliefs, recently, along with research on
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mathematics-related beliefs and their influence on mathematics performance, a large number of
studies have investigated gender differences. There has been evidence generated about gender
differences in several categories of mathematics-related beliefs. Stage and Kloosterman (1995)
argued that both female and male tended to hold non-availing beliefs about the nature of
knowledge and the nature of knowing. In many studies, female students tend to hold more
sophisticated beliefs in terms of the certainty of knowledge (Bendixen, Schraw, & Dunkle, 1998), and
students' mathematics ability (Neber & Schommer-Aikins, 2002; Schommer, 1990). In regard to
beliefs about the nature of mathematics, Fennema and Sherman’s work (Fennema, 1989; Fennema
& Sherman, 1977) investigated middle school students’ attitudes about mathematics. Results
showed that male students tended to believe mathematics is useful more than female students.
Mason’s (2003) study with elementary school students showed that male students were less likely to
believe that understanding concepts is important than female students. Sangcap (2010) examined
students’ beliefs about mathematical problem-solving in the Philippines. This author also
investigated gender differences about these beliefs and found that girls valued the usefulness of
mathematics in their daily lives more so than boys and were also more likely to think that effort is a
vital component in increasing mathematical ability. In terms of beliefs about the importance of
mathematics, Wilkins and Ma (2003) argued that, while female students in middle schools tended to
develop negative beliefs faster than male students, male students at secondary school developed
negative beliefs faster than female students. Kiwanuka et al.’s (2017) research also showed that
female students had higher scores on the usefulness of mathematics than male students. In terms of
beliefs regarding the nature of word problems, Prendergast et al.’s (2018) study revealed that

female students have more positive beliefs than male students.

In terms of differences in mathematics-related beliefs between low and high performance, there
has been some evidence showing these differences. For example, Hannula and Laakso (2011)
argued that in general, high performers are likely to be more positive than low performers in
terms of expectations and affect (e.g., beliefs). Op't Eynde and De Corte (2003, cited in Andrews et
al., 2011) found that high performers believed that mathematics is useful more than low
performers. Grootenboer and Marshman (2016) also investigated the differences in mathematics-
related beliefs, and they found that students who have higher mathematics ability tended to
believe that mathematics is useful more than students who have lower mathematics ability.

However, little is known about these differences from the research literature.
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2.3.7 Summary

From the review of research literature in this section, there are many issues that need to be
addressed. First, prior research revealed that research on mathematics-related affect has drawn
considerable attention and researchers in the field of mathematics education have investigated
different facets in relation to these issues. Among several domains of affect, multiple results from
published works have shown that mathematics-related beliefs play an important role in the
mathematics-related affect system as well as in the improvements of mathematics teaching and
learning processes. Several kinds of mathematics-related beliefs have been investigated, such as
epistemological beliefs about mathematics (e.g., whether mathematics knowledge is changing or
fixed), beliefs about the nature of mathematics (e.g., whether mathematics is useful), and beliefs
about the self as a mathematics learner (e.g., beliefs about ability to learn mathematics, self-
efficacy beliefs). Additionally, various studies have also investigated the effects of students’
mathematics-related beliefs on mathematics performance, and there has been much evidence
from the research literature showing that several constructs of mathematics-related beliefs were

significantly associated with mathematics performance.

There have been several frameworks to consider mathematics-related beliefs as a system where
researchers have proposed different categories, such as beliefs about the nature of mathematics,
beliefs about mathematics teaching, beliefs about oneself as a mathematics learner. However, it
can be seen from the research literature that: (1) there have been inconsistencies between
different proposed frameworks in terms of the number of beliefs categories, the names of each
category, and types of belief constructs within each category; (2) although some researchers tried
to validate their proposed framework (Op't Eynde & De Corte, 2003), prior research has not shown
much empirical research to do so for other frameworks and there is no research to investigate the
relationships between different belief constructs within each framework; (3) most research on
mathematics-related beliefs has focused on particular belief constructs in relative isolation to
other belief constructs. This may be a significant gap in the literature, as many researchers in the
field have indicated that there are interactions and interrelationships among different belief
constructs and mathematics performance. For example, many researchers claimed that beliefs
about the nature of mathematics influence beliefs about mathematics teaching and learning. From
the evidence presented in this chapter, there are many non-significant relationships between
some belief constructs (e.g., beliefs about the certainty of mathematics, beliefs about effort, and

beliefs about the usefulness of mathematics) and mathematics performance.
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Second, over the past three decades, epistemological beliefs have been investigated by many
researchers, not only generally, but also in domain-specific areas such as mathematics. Prior
research has shown that epistemological beliefs should be considered as a system that includes
several independent constructs. There has been evidence that these constructs directly influence
mathematics performance and mathematical problem-solving. Additionally, researchers also
suggested that epistemological beliefs influence beliefs about mathematics and some empirical
research has shown that these beliefs are related to other mathematics-related belief constructs
such as beliefs about the usefulness of mathematics and mathematics self-efficacy beliefs. Within
epistemological beliefs, the construct of beliefs about the certainty of mathematics knowledge is
important, and prior research has shown inconsistencies in results in terms of the associations
with mathematics performance (i.e., there are some direct or indirect or non-significant links

between these beliefs and mathematics performance).

Third, prior research has also shown that students’ beliefs about mathematics as a discipline (i.e.,
the usefulness of mathematics and whether mathematics is interesting) and beliefs about the
teaching and learning of mathematics (i.e., the role of teachers and peers, the importance of
effort) have received considerable attention over the past thirty years. The research literature also
revealed that these beliefs predict students’ mathematics performance. From the review in this
chapter, it is important to note that there are quite a few studies that show the significant and
direct links between these beliefs (e.g., beliefs about the usefulness of mathematics, beliefs about
mathematical problem-solving, and beliefs about innate ability or intelligence) and mathematics
performance. In addition, prior research also found some non-significant relationships between
these beliefs and mathematics performance. Students’ self-efficacy beliefs have been found to be
one of the most important types of mathematics-related belief systems that not only directly
influence mathematics performance but also play an important role as a mediator between other

constructs and mathematics performance.

Fourth, students’ beliefs about mathematics teaching are an important component of students’
mathematics-related beliefs and students’ perceptions of teachers’ practices were proposed to
investigate one facet of these beliefs. Some prior research measured these beliefs and

investigated the associations with students’ mathematics learning as well as their performance.

However, little is known from the research literature.

Fifth, in comparison with other cultural groups, the excellent academic performance in
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mathematics among Asian students from international assessment programs (e.g., PISA and
TIMSS) has drawn great attention from researchers in the field of mathematics education globally.
However, the reasons that underlie the achievement for this particular group have rarely been
investigated. Among other perspectives, the research on students’ and teachers’ mathematics-
related beliefs on these groups would contribute to greater understanding of these results.
Although there is evidence that Asian students have some positive beliefs about mathematics,
such as beliefs about the usefulness of mathematics and beliefs about effort, research on
students’ beliefs remains scarce in Asian countries where some aspects of teachers’ and students’
mathematics-related beliefs, such as epistemological beliefs about mathematics and the
associations of these beliefs with mathematics performance have been rarely studied. Little is
known about what kinds of beliefs students and mathematics teachers in Asian countries hold,
and how these beliefs promote students’ mathematics achievement. Last but not least, prior

research also found gender differences in students’ mathematics-related beliefs.

2.4 Teachers’ mathematics-related beliefs

2.4.1 Teachers’ mathematics-related beliefs and their influence on teachers’ practices

Mathematics teachers play important roles in supporting students’ mathematics learning. Besides
knowledge, teacher’s mathematics-related beliefs also play an important role in the improvement
of mathematics learning processes. (Beswick, 2019). Specifically, Blomeke et al. (2008)
recommended that teachers’ beliefs should be considered as components of teachers’
professional competence. Researchers in the field of mathematics education have paid much

attention to these beliefs (Fives & Gill, 2015; Philipp, 2007).

Researchers suggested that teachers’ mathematics-related beliefs are often classified into three
categories: beliefs about the nature of mathematics, beliefs about mathematics teaching, and
beliefs about mathematics learning (Cooney, 2003; Cross, 2009; Ernest, 1989a; Thompson, 1992).
Because of the effect on teachers’ views about mathematics learning and teaching, teachers’
beliefs about the nature of mathematics play a central role in teachers’ belief systems (Liljedahl,

Rolka, & Rosken, 2007).

Ernest (1989a) proposed that beliefs about the nature of mathematics fall under three views and
argued that teachers may hold the combinations of more than one of the three views: “First of all,
there is the instrumentalist view that mathematics is an accumulation of facts, rules and skills to

be used in the pursuance of some external end. Thus, mathematics is a set of unrelated but
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utilitarian rules and facts. Secondly, there is the Platonist view of mathematics as a static but
unified body of certain knowledge. Mathematics is discovered, not created. Thirdly, there is the
problem-solving view of mathematics as a dynamic, continually expanding field of human creation
and invention, a cultural product. Mathematics is a process of enquiry and coming to know, not a
finished product, for its results remain open to revision” (p. 250). Regarding teachers’ beliefs
about mathematics teaching, along with three different views about the nature of mathematics,
Van Zoest et al. (1994) proposed three corresponding types of beliefs, namely, content-focused
with an emphasis on performance (corresponding with instrumentalist view), content-focused
with an emphasis on understanding (corresponding with Platonist view), and learner-focused
(corresponding with problem-solving view). Beliefs about mathematics learning are clearly

interrelated with beliefs about mathematics teaching.

From Ernest’s (1989a) work, it can be seen that teachers’ beliefs about the nature of mathematics
have a hierarchical structure, and for each type of view, teachers’ beliefs about the nature of
mathematics will have effects on teacher’s beliefs about mathematics teaching and learning.
Specifically, Ernest (1989a) argued that at the first and lowest level, the instrumentalist view
involves the belief that mathematics knowledge includes facts, rules, formulas, and procedures as
separate entities. With this kind of view, teachers tend to deliver passive teaching approaches and
students may be subject to a passive learning environment. At this level, teachers act like
‘instructors’ to transfer mathematics knowledge to students. They will strictly follow curricular
materials. Furthermore, they believe that learning mathematics involves mastering skills with
accuracy. At the next level, the Platonist view involves the belief that mathematics is an objective
and consistent structure where mathematics knowledge is a connected system. At this level,
teachers act like ‘explainers’ to help students understand mathematics concepts and the relations
between different pieces of mathematics knowledge. Teachers believe they can modify materials
as well as enrich the material with more mathematical problems and activities. As a result,
teachers’ beliefs about learning mathematics is about understanding conceptually, not just
procedurally. At the last and highest level, the problem-solving view involves the belief that
mathematics is “a dynamically organised structure located in a social and cultural context” (Ernest,
19893, p. 251). Teachers will act like ‘facilitators’ to help to be independent learners of
mathematics. They believe that they, with the support of schools and colleagues, can construct
the mathematics curriculum. At this level, teachers believe that learning mathematics is about

student exploring mathematics independently based on their own interests.
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There is a large body of literature that investigates the relationships between teachers’ beliefs and
their practices (Ambrose et al., 2004; Beswick, 2012; Buehl & Beck, 2015; Cross, 2015; Mosvold &
Fauskanger, 2014; Pajares, 1992). Anderson et al. (2005) reviewed different schematic models of
relationships between teachers’ beliefs and their practices. They also proposed a new model to
explore these relationships as well as the relationships with other factors that may influence
teachers’ beliefs and their practices. Barkatsas & Malone (2005) also investigated teachers’ beliefs
about teaching and learning mathematics and their relations with their practices. They found that
the contemporary view (i.e., constructivist orientation) of Greek mathematics teachers rated more
highly than the traditional view (i.e., transmission orientation). They also found that school
experiences and teaching experiences were the main influence on teachers’ beliefs. Philipp (2007)
reviewed the research literature on mathematics teachers’ beliefs and identified four areas of
teachers’ mathematics-related beliefs: (1) beliefs about students” mathematical thinking, (2)
beliefs about curriculum, (3) beliefs about technology and (4) beliefs about gender. Philipp (2007)
emphasised teachers’ beliefs related to students mathematical thinking because these beliefs
have strong correlations to teachers’ instruction and students’ learning. Additionally, Francis et al.
(2015) explored the structure of teachers’ mathematics-related beliefs and how they influence
teachers’ instructional decisions by reviewing the literature. They found much evidence to support
that teachers’ beliefs about the nature of mathematics are more strongly related to their

instructional practices than beliefs about teaching and learning.

Beswick (2005) conducted a study with secondary mathematics teachers to explore the
connections between their beliefs and their classroom practices. Twenty-five teachers and their
students participated in the research. The author used the Constructivist Learning Environment
Survey (Taylor, Fraser, & Fisher, 1993) comprising four scales: autonomy (i.e., whether students
can manage their learning and think by themselves); prior knowledge; negotiation; and student-
centredness. She found that there were associations between constructivist classroom
environments and the teachers who have a problem-solving view of mathematics. In other words,
in the classes where teachers believe that mathematics is discovered, students actively construct
mathematics knowledge, and they create their own strategies for solving mathematical problems.
Since many teachers showed consistency between beliefs about pedagogies and constructivist
ideas, the author suggested that teachers may not have a full understanding about constructivism.
She also recommended the need for considering the context (e.g., classroom environment) when

researchers investigate the relationship between mathematics teachers’ beliefs and their practice.
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Cross (2009) also explored the relationships between mathematics teachers’ beliefs and their
practices. The sample included five mathematics teachers from two high schools. Before
participating in the semi-structured interviews about teachers’ views on the nature of
mathematics, mathematics pedagogy, and students’ learning, the author conducted two formal
observations of each teacher. The author found strong links among teachers’ beliefs about the
nature of mathematics, beliefs about mathematics pedagogy, and beliefs about students’ learning.
Similar to Liljedahl et al.’s (2007) conclusion, she also claimed that teachers’ mathematics-related
beliefs were organised in order, “where their beliefs about mathematics teaching and learning
were derived from their mental models of mathematics” (Cross, 2009, p. 340). In other words,
teachers’ beliefs about the nature of mathematics influenced their views on mathematics teaching
and learning. Saadati et al. (2019) studied the relationships among beliefs about traditional
teaching, beliefs about reformed teaching, student-centred practices, teacher-centred practices,
self-efficacy, and value. The results showed that traditional beliefs directly and significantly predict
teacher-centred practices. Additionally, both traditional beliefs and reformed beliefs directly
predicted teachers’ self-efficacy. Furthermore, reformed beliefs only indirectly predicted student-

centred practices through self-efficacy and value.

However, there is evidence that the relationships between teachers’ beliefs and their practices are
not consistent (Francis et al., 2015; Li & Yu, 2010). There have been two types of explanation for
these inconsistencies; either teachers’ practices are affected by other factors rather than just
teachers’ beliefs (Buehl & Beck, 2015) or teachers’ beliefs depend on contexts (Schoenfeld, 2015).
In recent research, Vosniadou et al. (2020) proposed that the inconsistencies observed between
teachers’ beliefs and practices may happen because surveys usually focus on finding out if
teachers agree with the beliefs that are supposed to be positive predictors of their assumed
practices rather than negative predictors and that it is possible that teachers may hold internally
inconsistent beliefs about teaching. The authors investigated the relationships between beliefs
that are consistent with self-regulated learning (e.g., beliefs in constructive learning, beliefs that
the self-regulation of learning improves achievement) and beliefs that are inconsistent with self-
regulated learning (e.g., beliefs in transmissive teaching, beliefs that learning cannot change or be
taught) in a sample of pre-service teachers. The results of structural equation modelling showed
that the participants did held inconsistent beliefs that were negatively related with each other
(Vosniadou et al., 2020), a finding confirmed by Darmawan et al. (2020). The pre-service teachers

had conflicting beliefs especially between constructive and transmissive teaching.
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Researchers have also proposed different categories of mathematics-related epistemological
beliefs and beliefs about the nature of mathematics. For example, Blémeke et al. (2008) classified
teachers’ epistemological beliefs about mathematics into four different categories: (1) a scheme-
related perspective (which mathematics consists of a set of rules and formulas; (2) a formalist
perspective (which emphasises on logical nature of mathematics); (3) a process-related
perspective (which mathematics is about problem-solving); and, (4) an application perspective
(which mathematics is strong related to real-life situations). Using this approach, Felbrich et al.

(2012) explored teachers’ epistemological beliefs about mathematics in 15 different countries.

Some other researchers have used domain-general epistemological beliefs from Schommer’s
(1990) work to investigate teachers’ epistemological beliefs. Using the Epistemological Beliefs
Questionnaire (Schommer, 1990), Arredondo and Rucinski (1996) measured 126 Chilean teachers’
and principals’ epistemological beliefs and discovered differences between groups in the sample.
Three different groups were identified: teachers who were involved in the school reform effort;
teachers who were not involved in the school reform effort; and principals. The authors also
compared the differences between Chilean and American teachers and found that there was
difference in terms of beliefs about certain knowledge. Significant differences in beliefs about
certain knowledge were also found between teachers who were involved in the school reform
effort and those who were not involved in the school reform effort. Trakulphadetkrai (2012)
explored the relationships between teachers’ epistemological beliefs about mathematics and their
beliefs about classroom authority. The author found that teachers’ beliefs about the source of
mathematics knowledge and teachers’ beliefs about the certainty of mathematics knowledge are
associated with their beliefs about classroom authority. Chrysostomou and Philippou (2010) also
used the Epistemological Beliefs Questionnaire (Schommer, 1990) to investigate the relationships
between epistemological beliefs about mathematics and mathematics teachers’ self-efficacy with
a sample of 184 pre-service and in-service teachers. The results of regression analysis showed that

teachers’ epistemological beliefs predicted teachers’ self-efficacy.

Researchers also found differences in teachers’ beliefs between different cultures. Bryan et al.
(2007) compared the findings of research on teachers’ mathematics-related beliefs in Mainland
China, Hong Kong, Australia, and the US. They found that although the are some similar ways in
which mathematics teachers think about effective mathematics teaching and learning, some
differences still characterize teachers’ views between Eastern and Western cultures. For example,

in terms of teachers’ beliefs about nature of mathematics, while mathematics teachers in Eastern
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cultures tended to have Platonic view, where they considered that mathematics as an abstract
body of knowledge, mathematics teachers in Western cultures tended to have functional view,
where they considered mathematics as a useful tool to solve real-life problems. In terms of
teachers’ beliefs about mathematics teaching and learning, while mathematics teachers in
Mainland China and Hong Kong believed that memorisation can come before and after
understanding, mathematics teachers in Australia and the US believed that memorisation can only
come after understanding. Andrews (2015) also investigated the differences in teachers’ espoused
beliefs between English and Hungarian mathematics teachers. Using the results from semi-
structured interviews, he found that while English teachers tended to believe that mathematics is
a tool for real-world situation application, Hungarian teachers tended to believe mathematics is

about problem-solving and logical thinking.

2.4.2 Teachers’ mathematics-related beliefs and their influence on students’ mathematics
performance

Although many studies on teachers’ mathematics-related beliefs have focused on the characteristics
of these beliefs and the relationships between these beliefs and teachers’ practices, the number of
studies on how teachers’ mathematics-related beliefs may influence students’ mathematics
performance has dramatically increased during the last decade. Peterson et al. (1989) investigated
teachers’ constructivist beliefs about learning mathematics. They found that constructivist beliefs
were related to student performance. Students who learned in the classes that their teachers had
strong constructivist beliefs tended to get higher scores on problem-solving tasks than students who
learned in classes that their teachers had less constructivist beliefs. Returning to Muis and Foy’s
(2010) study, two types of teacher beliefs were used, namely, beliefs about the need for effort in
learning mathematics and beliefs about the integration of information and problem-solving in
mathematics, as drawn from Bruel et al. (2002). For students, the beliefs studied included the need
for effort to learn mathematics; the certainty and simplicity of knowledge in mathematics; their
mastery and performance approach goal orientations in mathematics; self-efficacy; and
mathematics achievement. Muis and Foy’s (2010) used structural equation modeling to test the
relationships between related constructs and the results showed that there are positive links

between the two types of teachers’ beliefs and students’ mathematics performance.

Polly et al. (2013) studied the association between teachers’ beliefs and students’ mathematics
learning. They measured teachers’ beliefs about mathematics, mathematics teaching, and

mathematical learning. The findings of hierarchical linear model indicated a significant association
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between teachers’ beliefs and student learning outcomes. They concluded that there is a
significant positive relationship among teachers’ beliefs, practices, and students’ problem-solving
performance. Areepattamannil & Kaur (2013) used data from TIMSS 2011 in Singapore and
Australia to explore the effect of teachers’ beliefs on students” mathematics performance. The
results of structural equation modelling showed that Singaporean and Australian teachers’
perceptions of their students were positive linked to students’ mathematics performance.
Students whose mathematics teachers more positively perceived their students’ competence got
higher scores than their peers whose mathematics teachers had less positive perceptions. The
results also showed that teachers’ perceptions were also positively associated with students liking
learning mathematics, students’ value of learning mathematics, and students’ engagement in their

mathematics lessons.

Campbell et al. (2014) conducted research on the relationship between teachers’ mathematical
knowledge, teachers’ perceptions, and student performance. Teachers’ perceptions included
teachers’ beliefs and teachers’ awareness of interactions between teachers’ perceptions and
knowledge. The results showed that there were statistically significant associations between
middle-grades teachers’ knowledge with teachers’ beliefs and their students” mathematics
performance. Within the Professional Competence of Teachers, Cognitively Activating Instruction,
and the Development of Students’ Mathematical Literacy (COACTIV) project, Voss et al. (2013)
explored the structure of mathematics teachers’ beliefs and examined the relationships between
these beliefs, teachers’ instructional practice, and students’ mathematics achievement. 155
teachers and 3,483 students participated in the research. Structure of mathematics teachers’
beliefs included two different categories: transmissive orientation and constructivist orientation.
Results showed that mathematics teachers’ beliefs were indirect predictors their students’
learning outcomes through their instructional practice. This finding helps to confirm prior research
that, while transmissive beliefs were found to be negative predictors on instructional quality and
student performance, constructivist beliefs were found to be positive predictors on both

outcomes.

Chang (2015) investigated the influence of mathematics teachers’ self-efficacy on their students’
mathematics self-efficacy and mathematical performance. The findings of regression and ANOVA
analyses showed that teachers’ self-efficacy predicted fifth-graders’ mathematical performance. In
another study, Rutherford et al. (2017) investigated teachers’ value of professional development,

teachers’ self-efficacy, and students’ mathematics achievement within the context of a
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mathematics game, namely, Spatial Temporal Mathematics. The sample included 395
mathematics teachers and 11,335 elementary school students Results of multilevel structural
equation modelling showed that, at a student level, prior achievement directly and indirectly
(through Spatial Temporal Mathematics progress) predicted mathematics performance. From
teacher level, teachers’ value for professional development directly and indirectly (through

teachers’ self-efficacy beliefs about mathematics) predicted students’ mathematics performance.

Perera & John (2020) studied the relations of teachers’ self-efficacy for teaching mathematics with
their job satisfaction and student mathematics achievement. The results showed that teacher self-
efficacy for teaching mathematics was also found to positively associate with the class-average of
mathematics achievement, indicating that classes taught by teachers with stronger self-efficacy

beliefs for teaching mathematics tended to have higher average mathematics achievement.

It can be seen from review in this chapter that there are a large number of studies about this issue,
especially with regard to how teachers’ mathematics-related beliefs influence their practices.
Similar to results pertaining to students, many scholars suggested that teachers’ epistemological
beliefs influence their beliefs about the nature of mathematics, and beliefs about the nature of
mathematics influence beliefs about mathematics teaching and learning. However, empirical
research on the relationships between these categories of teachers’ mathematics-related beliefs is
especially scarce in the research literature. Additionally, although there have been a few studies
investigating teachers’ mathematics-related beliefs and how they influence students” mathematics
performance, these studies have only focused on single beliefs (mainly teachers’ self-efficacy
about mathematics) rather than examining the relationships among different types of teachers’

mathematics-related beliefs and their associations with students’ mathematics performance.

As mentioned in previous chapter, research on Vietnamese students’ and teachers’ mathematics-
related beliefs has not been conducted officially in Vietnam. However, the results of relevant
studies also revealed some information in terms of factors that influence mathematics learning

and teaching in Vietnam. The next section will review these studies.

2.5 Relevant research in Vietham

In terms of the factors that influence mathematics learning and achievement, there have been a
few studies on different aspects of mathematics-related affect regarding Vietnamese students.

Palmer (1994) investigated Vietnamese students’ attitudes towards mathematics in comparison to
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non-Vietnamese students. The sample included 30 female Vietnamese students and 111 female
non-Vietnamese students studying Year 11 and Year 12 at secondary schools in Perth, Australia.
Palmer used the Fennema-Sherman Mathematics Attitude Scale (Fennema & Sherman, 1976) to
measure six different constructs: self-confidence, the usefulness of mathematics, mathematics as
an activity for males, and three constructs measure their perceptions about teachers’, mothers’,
and fathers’ attitudes towards them as a mathematics learner. The author used two-tailed t-tests
to explore the differences between the two groups. The results showed that female non-
Vietnamese students’ self-confidence in mathematics was significantly lower than that of the
female Vietnamese students, and they also tended to believe that mathematics was less useful.
However, the author found that female non-Vietnamese students perceived that mathematics
was less a stereotypical male activity than did the female Vietnamese students. Regarding
students’ perceptions about their teachers’, mothers’, and fathers’ attitudes towards them as a
mathematics learner, the non-Vietnamese students tended to perceive that their mothers had a
less positive attitude. The author also examined the correlations between six constructs within the
Vietnamese student sample. The results showed that students’ perceptions about teachers’
attitudes towards them as a mathematics learner significantly correlated with students’ self-

confidence and the usefulness of mathematics.

In another study, Hoang (2007) investigated relationships between mathematics learning,
instruction, and mathematics achievement. There were five measures used in this research:
classroom instructional activities, student and family characteristics, learning resources, out-of-
school activities, and mathematics achievement. 565 12-year-old students responded to a
guestionnaire about the first four constructs. The results of multiple regression analysis showed
that students who more regularly try to solve new mathematics problems and discuss real-world
problems tended to perform better in mathematics. In terms of classroom instructional activities,
the author found that the more frequently teachers presented the strategies to solve mathematics
problems during mathematics lessons, the better students performed in mathematics. Hoang
(2007) also concluded that students’ active learning strategies were significantly associated with

mathematics performance.

In 2012, Vietnam participated for the first time in the Programme for International Student
Assessment (PISA), organised by OECD. In this assessment (where mathematics was the main
domain), Vietnam surprisingly ranked 17 out of 65 countries in mathematics (OECD, 2014).

Vietnam also maintained high ranks in the 2015 and 2018 PISA cycles (Gurria, 2016; OECD, 2019).
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Researchers around the world have attempted to explain these results. Within the scope of the
present research, only relevant results on PISA mathematics performance and research on how
relevant factors influenced these results has been reviewed. Regarding the differences in
mathematics performance, Darmawan (2016) investigated the equity and quality in academic
performance using PISA 2012 data of five Southeast Asian countries (Indonesia, Malaysia,
Singapore, Thailand, and Vietnam). He performed multilevel analysis using HLM. The author found
that gender differences in mathematics performance are significant within Vietnamese students.
Specifically, male Viethamese students tended to perform better in mathematics than female
students. The author also found that economic, social, and cultural status (ESCS) had positive

effect on students’ mathematics performance.

There is some evidence regarding factors influencing Vietnamese students’ mathematical
performance in PISA, including evidence from PISA 2012. PISA categorised mathematics problems
into four types, namely, formal mathematics, word problems, applied problems in mathematics,
and real-world problems. This survey revealed that Vietnam had the lowest index of exposure to
word problems and was one of 18 countries showing “no relationship between the frequency of
student encounters with applied mathematics problems and the performance of 15-year-olds on
PISA” (OECD, 2014, p. 174). In another study, Parandekar and Sedmik (2016) Vietnamese PISA data
to explore the profiles of Viethnamese students and teachers. The authors compared Vietnam’s
results with a group of seven developing countries (Albania, Colombia, Indonesia, Jordan, Peru,
Thailand, and Tunisia). The comparison showed that Vietnamese students were more likely to
focus on effort. They spent more time studying, especially out of school in extra classes. They
tended to have lower levels of mathematics anxiety and higher levels of beliefs about the
usefulness of mathematics. An interesting finding in this research was that, in comparison with
other developing countries, Viethamese teachers were more likely to have their performance

monitored with higher focus on students’ academic achievement with results made public.

More related to mathematics-related belief factors, Sezgin (2017) examined the relationships
between ten different factors and mathematics performance using PISA 2012 data. Multiple linear
regression analysis was applied for this research. Some important factors studied were mathematics
self-efficacy, teacher-student relations, mathematics teachers’ classroom management, and
mathematics interest. The author found that, within the Vietnamese sample, mathematics self-
efficacy beliefs have the most statistically significant influence on mathematics performance and

this is a positive relationship. In other words, the more Vietnamese students believe in their ability
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to overcome difficulties to solve mathematics problems, the better they perform in mathematics.
Apart from confirming the positive effect of ESCS on mathematics performance from Darmawan’s
(2016) work, Sezgin also found significant relationships between mathematics self-concept,
mathematics teachers’ classroom management, and Vietnamese students’ mathematics
performance. However, while mathematics self-concept positively predicted mathematics
performance, mathematics teacher’s classroom management negatively predicted mathematics

performance (Sezgin, 2017).

Reviewing literature, only one study was found regarding Vietnamese mathematics teachers’
beliefs. Ly and Brew (2010) conducted a comparative study about teachers’ beliefs between
Vietnamese and Australian pre-service teachers. The sample included 43 Vietnamese students
studying at an Education university in Vietnam and 28 Australian students undertaking a Diploma
of Education. A mixed method approach was applied for the research. The quantitative instrument
used was a questionnaire measuring five different categories of beliefs: (1) mathematics is a
collection of rules and procedures; (2) mathematics is a creative endeavour; (3) mathematics is
best taught by direct instruction; (4) mathematical problem-solving allows for multiple
approaches; and, (5) teachers’ self-efficacy (Ly & Brew, 2010). The results showed that Australian
pre-service teachers were likely to have more support for constructivist views than their

Vietnamese peers, and teachers in both countries had high levels of self-efficacy.

2.6 Summary

It can be seen from the literature that beliefs are one of the important components of
mathematics-related affect system. Various categories of students’ and teachers’ mathematics-
related beliefs have been investigated such as epistemological beliefs (e.g., mathematics
knowledge is certain or malleable), beliefs about the nature of mathematics (e.g., mathematics is
useful), beliefs about mathematics teaching and learning (e.g., mathematical problem-solving is
about memorising or understanding procedures, effort is important, transmissive versus
constructive teaching), beliefs about the self as a mathematics learner (e.g., mathematics ability
can be changed, self-efficacy beliefs). Prior research showed that there are relationships between
mathematics-related beliefs as well as their associations with students’ mathematics performance.
However, the results of the literature reviewed in this chapter also showed some limitations that

require greater attention.

While many frameworks have been proposed to consider mathematics-related beliefs as a system,
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they have not been consistent in categorising different types of beliefs. Furthermore, little is
known about the relationships among all beliefs within each framework and their influence on
mathematics performance. In other words, prior research only focused on select beliefs in relative
isolation to other belief constructs in different proposed frameworks. As a result, some potential
relationships between mathematics-related beliefs and mathematics performance were
overlooked. Regarding teachers’ mathematics-related beliefs, although there was empirical
evidence of the relationships between some types of beliefs (e.g., self-efficacy, problem-solving)
and students’ mathematics performance, little is known about the relationships between many

other kinds of beliefs and students’ performance.

Another important area where further research is needed has to do with cross-cultural differences
in mathematics related beliefs between Asian and Western students and teachers. Most research
on the influence of mathematics-related beliefs on mathematics performance has been conducted
in Western countries, little research has studied the mathematics-related beliefs of Asian students,
and no such research has been carried out in Vietnam. Based on the results of the findings
presented in this chapter, the next chapter will address the purposes, the research questions, the

context of mathematics education in Vietnam, and the hypotheses of the present research.
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CHAPTER 3 THE PRESENT RESEARCH

This chapter describes the purposes and hypotheses of the present research. In the first section,
the purposes and research questions of the study are presented. In the second section, the
mathematics-related beliefs of students and teachers included in the present research are
discussed. In the third section, the context of mathematics education in Vietnam is presented. IN
the final section, the hypotheses regarding the relationships among students’ mathematics-
related beliefs, teachers’ mathematics-related beliefs, and students’ mathematics performance

are presented.

3.1 The Purposes and Research Questions

The main purposes of present research are as follows: (1) to examine, in greater details than
previous research, a wide range of possible mathematics-related beliefs of students and
understand how these beliefs influence students’ mathematics performance; (2) to explore the
differences in students’ mathematics-related beliefs with regard to gender, and high and low
mathematics performers; (3) to investigate teachers’ mathematics-related beliefs and understand
how these beliefs influence their students’ mathematics performance; and (4) to conduct the
investigations above with a sample of Vietnamese students and teachers. Three research

guestions have been identified:

Research Question 1: What are the emergent profiles of Vietnamese students’ and teachers’
mathematics-related beliefs? And how do these profiles of students differ among female and male

students, and among low and high performers of problem-solving?

Research Question 2: How do students’ mathematics-related beliefs influence their mathematics

performance?

Research Question 3: How do teachers’ mathematics-related beliefs influence their students’

mathematics performance?
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3.2 Students’ and Teachers’ mathematics-related beliefs investigated in the

present resea rch

As indicated in Chapter 2, in the field of mathematics education, students’ and teachers’
mathematics-related beliefs have received particular attention (Depaepe et al., 2016; Francis et
al., 2015; Leder, 2019). Prior research has shown that students tend to believe that mathematics is
useful in daily life (Mason, 2003), that mathematics knowledge is certain and unchangeable
(Schommer-Aikins, 2008), and that mathematical problem-solving is about memorising procedures
and formulas (Schoenfeld, 1992). Some empirical evidence also showed that mathematics
teachers tend to believe in constructive teaching (Barkatsas & Malone, 2005). More importantly,
there is evidence that many types of students’ and teachers’ beliefs influence mathematics
performance, such as beliefs about the certainty of mathematics knowledge (Cano, 2005; Muis &
Foy, 2010), beliefs about the usefulness of mathematics (Kadijevich, 2008; Schommer-Aikins et al.,
2005), beliefs about mathematical problem-solving (Mason, 2003; Yuanita & Zulnaidi, 2018),
beliefs about effort (Muis & Foy, 2010), beliefs about mathematics ability (Bonne & Johnston,
2016; Lodewyk, 2007), and beliefs about one’s self-efficacy in mathematics (Liu & Koirala, 2009;
Manzano-Sanchez et al., 2018). Prior research has also shown that there are differences in
students’ and teachers’ mathematics-related beliefs amongst different cultures (Andrews, 2015;
Andrews et al., 2011; Bryan et al., 2007). However, researchers have paid little attention to
teachers’ and students’ mathematics-related beliefs in Asian countries, and some aspects of
mathematics-related beliefs have, so far, hardly been studied. Specifically, little is known about
the effects of teachers’ and students’ mathematics-related beliefs on students’ mathematics

performance.

There is evidence from the empirical research literature about the existence of relationships, not
only amongst specific beliefs and mathematics performance, but also amongst different belief
constructs themselves (Schommer-Aikins et al., 2005; Zarch & Kadivar, 2006). However, there has
been no research found in the literature that investigated mathematics-related beliefs in a more
systematic way, where researchers explored the relationship amongst various beliefs that
represents all categories of existing frameworks including epistemological beliefs, beliefs about
nature of mathematics, beliefs about mathematics teaching and learning, and beliefs about the
self. The present research focuses on seven belief constructs, based on existing research, to

explore the profiles of Viethamese students and teachers and to understand how they relate to
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each other and influence students’ mathematics performance. Furthermore, the present research
investigates whether both students and teachers may hold internally inconsistent mathematics-
related beliefs, such as, beliefs that mathematics problem solving is mostly about memorising

rules and procedures or about understanding.

The following sections describe the specific beliefs that were chosen for the present research and
the hypotheses regarding their relationships and influence on students’ mathematics

performance.

3.2.1 Students’ mathematics-related beliefs investigated in the present research

3.2.1.1 Beliefs about the certainty of mathematics knowledge

Beliefs about the certainty of mathematics knowledge are one kind of epistemological beliefs that
have been found to be related to mathematics performance (Schommer, 1990; Wheeler, 2007).
Students tend to believe mathematics knowledge is more certain than knowledge in other
disciplines, such as history (Buehl & Alexander, 2005), humanities (Baxter Magolda, 2002), and social
sciences (Schommer & Walker, 1995). Researchers also found associations among beliefs about the
certainty of mathematics knowledge and mathematics learning (Hofer, 2000; Hofer & Pintrich,
1997; Schommer, 1990; Schraw et al., 1995). Research has shown that beliefs that mathematics
knowledge is certain and unchanging negatively predicted mathematics performance (Koller,
2001), and that students who believe more in the certainty of mathematics knowledge have lower
levels of motivation and task performance (Buehl & Alexander, 2005). Some research has shown
significant links between students’ beliefs about the certainty of mathematics knowledge and
mathematics ability and achievement values with university undergraduates (Buehl, 2003), but not
with secondary school students (Lodewyk, 2007; Schommer-Aikins et al., 2005). Beliefs in the
certainty of mathematics knowledge have not been found to always predict mathematics
performance directly (Lodewyk, 2007; Schommer-Aikins et al., 2005) but have been found to
predict mathematics performance through mediators (Cano, 2005; Muis & Foy, 2010). Little is
however known about the relationship between beliefs in the certainty of mathematics and other

beliefs about the nature of mathematics or mathematics learning.

3.2.1.2 Beliefs about the usefulness of mathematics

Beliefs about the usefulness of mathematics, namely, whether students believe that mathematics
is useful in their life, have been found to be an important factor that directly and positively

influenced mathematics performance (Espinosa, 2018; Kadijevich, 2008; Schommer-Aikins et al.,
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2005), although this is not always the case (Arikan et al., 2016; Pajares & Miller, 1995). Prior
research has also shown an indirect link between these beliefs and mathematics performance
(Koller, 2001). The evidence suggests that beliefs about the usefulness of mathematics may have
relationships with other beliefs, and they may indirectly affect mathematics performance through
other beliefs as mediators. For these reasons, these beliefs were selected to be included in the

research.

3.2.1.3 Beliefs about mathematical problem-solving

There have been many studies investigating beliefs about mathematical problem-solving and their
influences on mathematical problem-solving and mathematics performance (Callejo & Vila, 2009;
Kloosterman & Stage, 1992; Prendergast et al., 2018; Schoenfeld, 1989; Schommer-Aikins et al.,
2005). Many students believe that solving a mathematics problem is a matter of memorisation of
rules/procedures, while some other students believed mathematical problem-solving has
something to do with understanding and creation. Mason (2003) found that the beliefs that not all
mathematics problems can be solved using step-by-step procedures predicted mathematics
performance. In view of the current education context in Vietnam, and the move from a content-
based curriculum in mathematics to a competence-based curriculum, there has been an emphasis
in current policy documents on the importance of mathematical problem-solving. It is, therefore,
important to study Vietnamese students’ and teachers’ beliefs about mathematical problem-

solving and to understand how these beliefs may influence students’ mathematics performance.

3.2.1.4 Beliefs about the importance of effort

Beliefs about the importance of effort have been found to be related to beliefs about mathematics
ability and performance (Kloosterman, 1988; Kloosterman & Stage, 1992; Mason, 2003; Sangcap,
2010). Some studies have shown that beliefs about the importance of effort influence
mathematics performance (Muis & Foy, 2010). Prior research has also indicated differences in
beliefs about the importance of effort between different cultural groups (e.g., students in Asian
countries versus Western countries). For example, Uttal (1997) found that Asian students believe
more in the role of effort for student achievement compared to American students who believe
that innate ability matters most. There is some evidence that Viethamese students put more effort
into mathematics learning than their peers in other developing countries (Parandekar & Sedmik,

2016). Because of above, it is important to include beliefs about effort in the research.
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3.2.1.5 Beliefs about mathematics ability

Beliefs about mathematics ability refer to students’ beliefs about whether mathematics ability is
innate or whether it can be changed or developed through education. Although some researchers
have considered these beliefs as epistemological (Schommer, 1990; Wheeler, 2007), the present
research considers them as beliefs about self as a mathematics learner, where students either
consider that their mathematics ability is fixed and immutable, or can be changed during the
learning process. This decision was supported by Hofer and Pintrich’s (1997) recommendation that
these beliefs should be separated from epistemological beliefs, and by Bonne and Johnston (2016)

and Roesken et al. (2011) who also considered them as beliefs about self as a mathematics learner.

Prior research has shown the relationships between beliefs about mathematics ability and
mathematics performance. For example, there is evidence that beliefs that mathematics ability is
fixed and immutable negatively predicted GPA (Schommer, 1993). In the case of mathematics,
Bonne & Johnston (2016) also found negative correlations between entity view of ability (i.e.,
ability is fixed) and mathematics achievement. However, other research revealed that beliefs
about innate ability did not predict mathematics performance and mathematical problem-solving
(Schommer-Aikins & Duell, 2013; Schommer-Aikins et al., 2005). These inconsistent results may lead
to an assumption that there are other ways beliefs about mathematics ability may influence
mathematics performance. In the present research, beliefs that mathematics ability can be
changed via education were chosen, and it was hypothesised that these beliefs positively and

indirectly predict mathematics performance.

3.2.1.6 Self-efficacy beliefs

Prior research has shown that students’ mathematics self-efficacy beliefs are one of the most
critical predictors of mathematics performance (Liu & Koirala, 2009; Manzano-Sanchez et al., 2018;
Muis & Foy, 2010). Moreover, self-efficacy beliefs have been found to be an important mediator
between several other beliefs and mathematics performance (Kabiri & Kiamanesh, 2004; Zarch &
Kadivar, 2006). For these reasons, it was decided to include an investigation of these beliefs in the

present resea rch.

3.2.1.7 Students’ perceptions of teachers’ practices

Students’ beliefs about mathematics teaching are an important belief category in students’
mathematics-related belief system. There has been some research on different aspects of

students’ beliefs about teaching, such as students’ perceptions of their teachers’ teaching styles
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(Kurniatia & Suryab, 2017), and their teachers’ classroom effectiveness (Ilbrahim, 2014). As
indicated in Chapter 2, when proposing a framework to study students’ mathematics-related
belief system, Op’t Eynde et al. (2002) argued that beliefs about the mathematics class context
were one of three important categories. Within this component, there were beliefs about the role
and the functioning of the teacher designed to measure students’ perception of the friendliness
and encouragement offered by mathematics teachers. Using these beliefs to measure students’
views of teachers’ practices, it was found that students who held positive beliefs about their
teacher considered mathematics more valuable and felt more confident about it (Op’t Eynde et
al., 2006a). However, little is known from the literature about the relationships between students’
perceptions of teachers’ practices and their own mathematics performance. With the intention to
contribute further evidence to the research literature in this area of study, this construct was
adopted from the Mathematics-related Beliefs Questionnaires (Op’t Eynde et al., 2006a) to

investigate the associations with Vietnamese students’ mathematics performance.

3.2.2 Teachers’ mathematics-related beliefs selected to be investigated

Some of the mathematics-related beliefs selected to be investigated with students are also
relevant to teachers. It is hypothesised that teachers’ beliefs about the certainty of mathematics
knowledge, beliefs about the usefulness of mathematics, and beliefs about mathematical
problem-solving may be interrelated with other beliefs, and may have indirect or direct effects on
students’ mathematics performance. Some additional mathematics-related beliefs were also
included in the present research, such as their beliefs about mathematics teaching, self-efficacy
beliefs, beliefs about students’ effort, and beliefs about students’ mathematics ability. These

beliefs are discussed below.

3.2.2.1 Teachers’ beliefs about mathematics teaching

A distinction is often made between constructive teaching and transmissive teaching. While a
constructive teaching approach focuses more on developing students’ strategies to explore
knowledge by themselves, a transmissive teaching approach focuses more on providing
knowledge to students. Different approaches to teaching are likely to have different effects on
students’ mathematics performance. For example, Peterson et al. (1989) found that students who
learn in classes that their teachers express strong constructivist beliefs get higher scores on
problem-solving tasks than students who learn in classes that their teachers express weak

constructivist beliefs. In the case of Viethamese mathematics teachers, a more transmissive
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teaching approach is common, although new approaches to teaching are being introduced. In the
current context it would be of interest to investigate how teachers’ beliefs about mathematics

teaching may influence students’ mathematics performance.

3.2.2.2 Teachers’ self-efficacy beliefs

There have been many studies about mathematics teachers’ self-efficacy (Chang, 2015; Woolfolk-
Hoy, Woolfolk-Hoy, & Davis, 2009). Some prior research showed that mathematics teachers’ self-
efficacy beliefs are positive predictors of students’ mathematics performance (Chang, 2015;
Perera & John, 2020). The present research chose these beliefs to examine the direct association
with students’ mathematics performance as well as to explore these beliefs as potential mediators

between other teachers’ beliefs and students’ mathematics performance.

3.2.2.3 Beliefs about students’ effort and beliefs about students’ mathematics ability

There has been evidence that teachers’ beliefs about students’ learning influence students’
mathematics performance (Areepattamannil & Kaur, 2013; Muis & Foy, 2010). In order to explore
what Vietnamese teachers believe about students as mathematics learners, two constructs used
to study students’ mathematics-related beliefs about themselves as mathematics learners were
adapted. These were beliefs about students’ effort, namely, what teachers believe with respect to
the role of effort in students’” mathematics performance, and beliefs about students’” mathematics
ability, namely, whether teachers believe that students’ mathematics performance is related more

to their innate ability or to their effort.

It is important to emphasise that prior research has investigated mathematics-related beliefs by
considering each type of beliefs as an entire construct without internal inconsistency, and
explored the positive or negative relationships of that type of beliefs and mathematics
performance. However, there is still a case where students (or teachers) hold inconsistent beliefs.
For example, teachers may agree with statements about transmissive teaching and they also agree
with statements about constructive teaching. As mentioned in the previous chapter, Vosniadou
and her colleagues recently investigated the internal inconsistency of pre-service teachers’ beliefs
(Darmawan et al., 2020; Vosniadou et al., 2020). The present research also emphasised to explore

the internal inconsistency of Vietnamese teachers’ mathematics-related beliefs.
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3.3 Mathematics Performance

With the intention to examine the relations between Vietnamese teachers’ and students’
mathematics-related beliefs, not only in terms of curriculum-based assessment but also novel
mathematical problem-solving performance, an assessment was designed for this study comprising
two parts. The first part included items that students encounter in mathematics curriculum at
schools. The second part included mathematical problems similar to those used in the PISA tests
(OECD, 2006; Stacey & Turner, 2015) which were novel to the students and required transfer of
knowledge acquired in the school setting to new situations. Mathematics scores from district

mathematics exam were also included in the research as one type of mathematics performance.

3.4 The mathematics education context in Vietham

In Vietnam, across different sectors, education is considered a top priority in the national policy
agenda. This sector has seen significant development since the D6i Md&i economic reform in 1986.
In 1993, the Government restructured the education system to include many levels of education.
This structure of the national education system is shown in Figure 3.1. Within the context of the
present research, the researcher focused only on general education. Students attend in primary
school from the age of six to eleven years old. The ages for lower secondary school are from 11
and 15 years old, from sixth grade to ninth grade. Tenth to twelfth grade occurs in upper

secondary schools.

In the national general curriculum, mathematics is one of the core subjects. As mentioned in the
Introduction, when the present research was implemented, the mathematics curriculum in
Vietnam had been developed using a content-based approach. As a result, teachers had focused
on teaching mathematics concepts and theories (including rules and procedures) using
mathematics textbooks rather than focusing on mathematical problem-solving in real-world
situations (T. T. Nguyen et al., 2019). Nguyen and his colleagues (2019) reviewed the practical
situations of mathematics teaching and learning in Vietnam and argued that, because of the lack
of working with real-world problems, students usually find it difficult to practically apply
mathematics knowledge. They also concluded that Viethamese mathematics teachers mainly
provide students with content knowledge of mathematics and students usually learn mathematics
through examples. Most teachers think that the purpose of teaching mathematics is to help
students get high scores on exams. These mathematics teachers usually help their students

practise forms of problems which usually appear in the exams (T. T. Nguyen et al., 2020).
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Removed due to copyright restriction

Figure 3.1: Structure of the Vietham national education system (C. L. V. Le, 2009, p. 221)

Over the past ten years, Vietnamese researchers in the field of mathematics education have paid
more attention to different aspects of realistic mathematics education and mathematical
problem-solving. In regards to the development of mathematical problem-solving, C. Nguyen
(2012) reviewed the research literature and proposed five different aspects related to problem-
solving in mathematics: (1) problem-solving processes; (2) problem posing; (3) looking back in
problem-solving; (4) evaluation of problem-solving; and, (5) problem solvers. He recommended
that mathematics teachers should pay more attention to developing students’ mathematical and
problem-solving skills. In 2015, Le proposed some techniques for teachers to teach mathematics in
order to develop competence for students by giving specific examples (N. S. Le, 2015), although all
the problems in that paper focused on pure mathematics rather than applied mathematics. In
other words, there were no real-world problems where students need to apply mathematics
knowledge to solve practical problems. In another study, P. Nguyen (2014) reviewed the process
of assessment standards development and proposed a framework and assessment standards of
problem-solving skills in Vietnam. She also presented an assessment framework of learners’

competence and defined a process for assessing problem-solving skills (T. L. P. Nguyen, 2015). She
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and her colleague also proposed methods to develop mathematical problem-solving instruments

(T. L. P. Nguyen & Dang, 2015). These research results were published in national journals.

Recently, some scholars in the field of mathematics education have also been working on realistic
mathematics education and proposed some strategies in terms of implementing realistic
mathematics education in Vietnam. Pham and Pham (2018) applied Freudenthal’s theory of realistic
mathematics education (Streefland, 1991) to assess the mathematics teaching situation in primary
schools in Vietnam. They proposed some suggestions to improve the use of authentic problems in
teaching mathematics. T. T. Nguyen et al. (2019) studied the theories of realistic mathematics
education and didactical situations in mathematics to propose real teaching situations that teachers
can apply when teaching students mathematics. Based on their analysis, the authors concluded that
students were not ready to participate in practical learning activities and solving authentic problems
in mathematics, and when students face an authentic problem that they are not familiar with, they
find it difficult to recall relevant knowledge to solve that problem. They also found that students’
reading comprehension ability is limited and they tended to ignore the contexts of the authentic
problems. In another study, T. T. Nguyen et al. (2020) reviewed the policies and practices of
implementing realistic mathematics education in Vietnam. They developed an analytical framework
consisting of four components: (1) national vision and strategy; (2) curriculum and educational
materials; (3) teacher training program; and, (4) tests and examination. They found that, although
realistic mathematics education had been mentioned in some national policies, no detailed official
plan had been implemented. Recently, many kinds of materials such as books and websites have
focused on realistic mathematics education. They also stated that formal mathematics assessment
moving towards a realistic mathematics education approach will be developed. However, Vietham
still needs different kinds of resources to implement realistic mathematics education for all four
components, especially in training mathematics teachers as well as to incorporate realistic

mathematics education into new mathematics curriculum.

As mentioned in Chapter 1, in 2018 Vietnamese Government issued the new general curriculum
which was developed using competence-based approach (Minister of Education and Training,
2018b). Within mathematics curriculum, the new objectives for learning and teaching
mathematics emphasised forming and developing key mathematical competencies such as

mathematical problem-solving (Minister of Education and Training, 2018a).
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In summary, within the Vietnamese education context, a content-based curriculum is currently
used to teach mathematics. Consequently, students are being taught mathematics by being told
the correct solutions to mathematical problems rather than by being provided with situations that
will help them develop the problem-solving skills required to find the solutions themselves (T. T.
Nguyen et al., 2020; T. T. Nguyen et al., 2019). As a result, many Vietnamese students find it
difficult to deal with unfamiliar problems (e.g., real-world problems) and they tend to give up or
apply an inappropriate strategy to solve these problems (T. T. Nguyen et al., 2020). However, as in
many other countries, Vietnam is going through a change from a content-based approach to a
competence-based approach in mathematics education. Consequently, mathematics curricula and
instruction have been undergoing a process of changing from an emphasis on the provision of
content knowledge to a focus on developing problem-solving skills and their application in
everyday life situations. As a result, researchers and stakeholders are interested not only in
whether students can reproduce the well-defined mathematical procedures they learn at school,
but also on whether they can apply their mathematical knowledge in less well-defined contexts
that are more similar to real-life situations. During this process, the role of students’ and teachers’
mathematics-related beliefs in mathematics teaching and learning and their influence on students’
mathematics performance should be paid more attention. Understanding the Viethamese
students’ and teachers’ mathematics-related beliefs and the way they influence mathematics
performance can contribute to the improvement of mathematics instruction. This transition
requires fundamental changes, not only in the way mathematics is taught but also in teachers’ and
students’ beliefs about mathematics teaching and learning. If teachers are not convinced about
the need for change, they are not going to change their teaching. It is important to study teachers’

and students’ beliefs to understand such possible roadblocks to change.

The present research is the first study to investigate students’ and teachers’ mathematics-related
beliefs in Vietnam. This research is important, especially in the Viethamese education context,
because the Vietnamese government has implemented curriculum reform, and prior research has
shown the important relationships between mathematics-related beliefs and curriculum reform
(Handal & Herrington, 2003). It is also worth noting that ninth grade students were chosen to
participate in the present research. At this level of education in Vietnam, students have completed
their lower secondary education and are soon to move on to the upper secondary level. Ninth
grade also represents the end of compulsory education in Vietnam. The investigation on

mathematics-related beliefs of ninth grade students may contribute to greater understanding of
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the high PISA assessment results of the Vietnamese students, as the PISA assessment was
conducted in Vietnam with ninth grade students. Additionally, the results of the present research
may provide useful information in terms of students’ and teachers’ beliefs and their influence on
mathematics performance that may help stakeholders in Vietnam gain more understanding about

mathematics teaching and learning in Vietnam.

3.5 Hypotheses of the Present Research

Prior research has indicted that mathematics-related beliefs are interrelated and influenced by
each other. For example, it has been claimed that epistemological beliefs about mathematics may
influence beliefs about the nature of mathematics which, in turn, may influence beliefs about
mathematics learning (in the case of students) and beliefs about mathematics teaching (in the
case of teachers) (Depaepe et al., 2016; McLeod, 1989a; Schommer-Aikins, 2004; Schommer-
Aikins et al., 2010; Schommer-Aikins & Duell, 2013; Thompson, 1992). A general model of the
hypothesised relations between students’ and teachers’ mathematics-related beliefs and student

performance is presented above in Figure 3.2.

Regarding students’ mathematics-related beliefs, seven belief constructs were divided into two
different categories. The first category (beliefs about mathematics) consisted of five belief
constructs (beliefs about the certainty of mathematics knowledge, beliefs about the usefulness of
mathematics, beliefs about mathematical problem-solving, beliefs about the importance of effort).
The second category (beliefs about self as a mathematics learner) consisted of two belief
constructs (beliefs about mathematics ability, self-efficacy beliefs). It was hypothesised that
students’ beliefs about mathematics might influence students’ beliefs about self as a mathematics
learner. It was also hypothesised that students’ beliefs about the self as a mathematics learner
may influence students’ mathematics performance. Additionally, prior research has also shown
the differences in students’ mathematics-related beliefs among different groups, such as between
male and female students, (Prendergast et al., 2018; Sangcap, 2010), between low and high
performers (De Corte & Op't Eynde, 2003; cited in Andrews & Diego-Mantecdn, 2015). The
present research sought to investigate further possible differences in students’ mathematics-
related beliefs between female and male students as well as between low and high performers of

problem-solving.
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Figure 3.2: Proposed model of the present research
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In terms of teachers’ mathematics-related beliefs, prior research has suggested that teachers’
epistemological beliefs and beliefs about the nature of mathematics may influence their beliefs
about mathematics teaching and learning (Cross, 2009; Ernest, 1989a; Liljedahl et al., 2007,
Schommer-Aikins, 2004), and that teachers’ beliefs about mathematics teaching and learning may
influence students’ problem-solving performance (Muis & Foy, 2010; Polly et al., 2013). Some of

these possible influences will also be explored in the present research.

3.6 Summary

This chapter presents the purposes, the research questions, the context of mathematics education
in Vietnam, and the hypotheses of the present research. Seven constructs representing
mathematically related beliefs of students, and a further seven constructs representing
mathematically related beliefs of teachers were selected to be investigated based on prior
research indicating possible relations amongst them and their influence on student performance.
A mathematics performance test including curriculum-based part and PISA-based part was

developed. The methodology used to conduct this investigation is presented in the next chapter.

77



CHAPTER 4 METHODOLOGY

In this chapter, the methodology applied to the present research is described and justified. This
chapter is structured in four major sections. The first section addresses the participants of
students and mathematics teachers included in the present research; the second section presents
the materials development process; the third section describes the data collection procedures of
the main research; and, the fourth section outlines statistical procedures that applied for the

present research.

4.1 Participants

Participants in this study included 620 students and 46 mathematics teachers. This section

describes the characteristics of these participants.

4.1.1 Students

The target participant demographic for this research was Vietnamese school students in ninth
grade from Nghe An Province in Vietnam. Nghe An is one of 63 Vietnamese provinces, and is
located in central Vietnam. This province was selected for the data collection phase because it is
the largest province in Vietnam and includes rural, urban, and remote areas. As a result, the
sample was more likely to be representative of Vietnamese students in other areas of the country.
Two districts were selected from this province, namely, Cua Lo and Thanh Chuong. Cua Lo is a
district located nearby Vinh city, the centre of Nghe An Province, and is an urban area, and Thanh

Chuong is 100 kilometres from Vinh city in a rural area.

Table 4.1: Sample of research participants—ninth grade students

Gender
District School Total
Female Male
1 23 41 64
2 18 17 35
Thanh Chuong 3 22 32 54
4 42 63 105
Sub-total 105 153 258
5 48 60 108
6 57 46 103
Cua Lo

7 77 74 151
Sub-total 182 180 362
Total 287 333 620
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According to school data, there was a total of 647 ninth grade students in the seven selected
schools at the time of data collection. During the days that the data collection was conducted, 620
ninth grade students willingly participated in the research (27 students were absent from school
on these days). Table 4.1 provides further information about the student sample. Among 620
students, 287 (46.3%) identified as female and 333 (53.7%) identified as male. Most participants
were born in 2004. On average, they were 14 years and 6 months old, and the age range of

participants was 13 years and 6 months to 15 years 11 months at the time of the data collection.

4.1.2 Mathematics teachers

In order to investigate the relationships between teachers’ mathematics-related beliefs and
students’ mathematics performance, all teachers from the selected schools were invited to
participate in the research. Since the targeted participants included ninth grade students, the
researcher attempted to specifically contact and invite all mathematics teachers who were
teaching ninth grade classes to capture their perspectives. According to information from the
schools, there were 53 mathematics teachers within the seven selected schools. A total of 46
mathematics teachers (39 females and 7 males) took part in the research (see Table 4.2). Among
these teachers, there were 28 teachers who were teaching mathematics from sixth grade to
eighth grade, and 16 mathematics teachers teaching 20 ninth grade classes within the seven
selected schools. It is worth noting that all teachers in the sample had teaching experience with
ninth grade students, with the 28 teachers not teaching ninth grade classes at the time of the
research had previously taught ninth grade classes. Most teachers in the sample had more than
ten years’ experience in teaching mathematics. There were 45 teachers with more than ten years’

experience in teaching mathematics and 14 teachers with more than 20 years of experience.

Table 4.2: Sample of research participants—mathematics teachers

L Gender
District School Total
Female Male
1 4 0 4
2 5 0 5
Thanh Chuong

3 1 4 5
4 5 2 7
5 7 0 7
Cua Lo 6 6 1 7
7 11 0 11
Total 39 7 46
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4.1.3 Recruitment process

The sample size for the present research was determined in order to meet the needs of the
structural equation modelling used to analyse the data. Further discussion about this issue is
provided later in the Statistical Procedures section. With the objective of recruiting a total of
approximately 600 ninth grade students for the sample, the researcher worked with the Nghe An
Department of Education and Training and the principals of schools to recruit participants. First,
based on information pertinent to the research in terms of geography, the researcher and the
representative of the Nghe An Department of Education and Training agreed on Cua Lo and Thanh
Chuong districts as locations to implement the research. Second, the Department of Education and
Training worked with the principals of secondary schools within these two districts to identify
schools that were willing to participate in the research. As a result, three lower secondary schools
in Cua Lo and four in Thanh Chuong were selected. Third, the researcher worked directly with
selected schools to recruit participants. The researcher approached principals individually to make
detailed plans about a week before the data collection was conducted. The principals were asked
for advice in relation to which teachers within their schools might be interested in participating in
the research project. The researcher organised to meet face-to-face with interested teachers to
provide an accurate and clear description of the research. Teachers were allowed some time to
consider their participation on an entirely voluntary basis. In terms of students, the purpose of the
research was explained to them in their classrooms to ensure that they fully understood the
process of data collection and their participation was appreciated. They were made aware that

they could opt to withdraw their consent at any time with no adverse consequences.

This research was granted final ethics approval by the Flinders University Social and Behavioural
Research Ethics Committee before data collection was conducted. All participants were asked to
sign a printed consent form indicating that they reserved the right to withdraw from the research
at any time. In addition, all participants were provided an introduction letter and an information
sheet explaining the research. All documents were provided to the participants in Vietnamese
version. A copy of the ethics approval, letters of introduction, and information letters are included

in Appendix A to Appendix E.
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4.2 Procedures

4.2.1 Procedures for students

About a week before the data collection commenced, the researcher worked with the selected
schools to distribute the introduction letter and information sheets that included information
regarding the purpose of the research, procedures of data collection, benefits and risks, and the
confidentiality of participants to all students and mathematics teachers in the sample. The
principals then informed all mathematics teachers and ninth grade students within their schools,
and emphasised that participation was voluntary and participants were free to withdraw at any

time. Participants also received a consent form to express their willingness to participate.

To manage the process of data collection, the researcher designed a protocol to assign a unique
identification code to each student and teacher who participated in the research. These codes
helped the researcher to keep track of information about the locations (Cua Lo or Thanh Chuong)
and schools of participants. These codes were created by schools based on the researcher’s
guidelines. Within each school, the students were divided into different classrooms based on their
identification codes. On average, each ninth grade class in the sample school normally had around
35 students. However, in order to avoid students from copying or discussing the results among
each other, 20-24 students were placed in each classroom. In each room, one designated teacher

was appointed to invigilate the test and questionnaire.

During the data collection days, the researcher had about 20 minutes to discuss the procedure
they should follow in each class with each appointed teacher, such as reminding students to fill in
their identification code (both questionnaire and test) at the beginning and at the end of each
section; informing students of the allowed time for the test (every 15 minutes); and preventing
students from copying and discussing the instruments with each other. The researcher answered
their questions about the research and procedures, and also emphasised to teachers that they

should encourage students to try their best on the test and to answer the questionnaire honestly.

Before students took the test, teachers explained to them how to complete the test. Students
took the test within 45 minutes then they had a 15-minute break before they returned to the

classroom to answer the questionnaire that took about 25 minutes to complete.
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4.2.2 Procedures for teachers

The researcher distributed the teacher information sheet and consent form, and spent about 20
minutes with all mathematics teachers within each school to talk about the purpose and
importance of the research, as well as what was expected by the researcher. Teachers were
informed that participation was voluntary. The researcher also explained to teachers how to
complete the questionnaire. Again, the researcher encouraged them to answer honestly by
carefully reading each statement in the questionnaire. Although it took only about 20 minutes to
complete the questionnaire, due to their teaching commitments, teachers were allowed to
complete the questionnaire during the day and the completed questionnaires were returned to

the researcher at the end of the school day.

4.3 Materials

Multiple instruments were used in the collection of data. The data collection tools consisted of a
guestionnaire designed to investigate students’ mathematics-related beliefs, namely, the
Mathematics-Related Beliefs Questionnaire for Students (MBQ-S); a questionnaire designed to
investigate teachers’ mathematics-related beliefs, namely, the Mathematics-Related Beliefs
Questionnaire for Teachers (MBQ-T); two assessments of students’ mathematics performance
(Test 1 and Test 2); and students’ scores from the district mathematics exam. This section presents

these materials and discusses the process of their development.

4.3.1 Considerations related to the development of the MBQ-S and MBQ-T

Along with the development process two questionnaires, some issues related to the number of
items within each construct, the length of the questionnaires, and the solutions to obtain high
rates of responses were considered to make sure the success of the research and the effectiveness

of the instruments.

4.3.1.1 Number of items with each construct and the length of the questionnaires

The number of items within each construct was duly considered as some scholars recommended
that there should be more than three items to measure a construct (Hair, Black, Babin, &
Anderson, 2019). Within each belief construct chosen for the present research, based on different
existing scales have been developed by other researchers in the field, it was decided to start with

at least six items for each construct so as to have enough items at the end of the validation
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process to investigate each belief. Consequently, each belief construct in the MBQ-S and MBQ-T

had between six and seventeen items.

The length of the questionnaires also concerned the researcher. As mentioned earlier, the present
research investigated the relationships between students’ and teachers’ mathematics-related
beliefs and students mathematics performance using systematic approaches by choosing many
different belief constructs to demonstrate these relationships. As a consequence, the
guestionnaires may be long due to attempting to cover so many items. This may lead to some
unexpected results, such as students either providing incomplete questionnaires or losing focus
towards the end of the questionnaire. Furthermore, this was the first time Vietnamese students
and teachers had been exposed to mathematics-related belief scales. If the questionnaires were
too long, the researcher feared that students would likely ignore many items, or give up, or
provide unusual patterns of responses. In other words, the more items the questionnaire had, the
more difficult it may prove to manage students’ responses, the more likely students would give
up, or have bias responses. Therefore, in order to avoid student fatigue, it was decided to include

only the most important belief constructs in the questionnaire.

4.3.1.2 Other issues
(1) The items in the questionnaires were measured using 4-point Likert scale (strongly disagree,
disagree, agree, strongly agree), so participants could focus on reading items and selecting their

III

options. Without the “neutral” option, the researcher assumed that participants may be
encouraged to read statements more carefully to avoid careless choices. The use of a 4-point
scale, rather than a 6-point or 8-point scale, helped participants save time in completing the long

guestionnaire while still providing quality data.

(2) The MRBQ-S and MRBQ-T used simple and accessible language. The wording of each item, the
quality of the translation, and recommendations from experts in the field of mathematics
education, as well as of the secondary school teachers and students, were taken into account to

ensure that each item was clearly expressed.

(3) The items in the final MRBQ-S and MRBQ-T were presented in a random order.

The next sections explain the development process of the MBQ-S and MBQ-T.
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4.3.2 Mathematics-Related Beliefs Questionnaire for Students (MBQ-S)

The first draft of MBQ-S consisted of seventy-eight 4-point Likert scale items (1-strongly disagree;
2-disagree; 3-agree; 4-strongly agree) belonging to seven belief constructs: (1) beliefs about the
certainty of mathematics knowledge (CMK); (2) beliefs about the usefulness of mathematics
(UoM); (3) beliefs about mathematical problem-solving (MPS); (4) beliefs about the importance of
effort (BaE); (5) beliefs about mathematics ability (MA); (6) students’ self-efficacy beliefs (SelfE);
and, (7) students’ perception of teachers’ practices (Per). Within each construct, some items were
created by the researcher and others were taken from a number of existing questionnaires and
scales including the Epistemological Beliefs Questionnaire (Schommer, 1990), the Epistemological
Beliefs for Mathematics Questionnaire (Wheeler, 2007), the Indiana Mathematics Beliefs Scale
(Kloosterman & Stage, 1992) and the Mathematics-related Beliefs Questionnaire (Op't Eynde & De
Corte, 2003; Op’t Eynde et al., 2006a). Within each belief construct, there were some items
representing beliefs that were hypothesised to be negative predictors of mathematics
performance and others that were assumed to be negative predictors of mathematics

performance.

4.3.2.1 Validation of the MBQ-S

Validation is critical to improve and ensure the quality of the instruments in terms of structure,
format, and quality of the items within each construct before undertaking data collection (Creswell,
2014). The validation process helps detect any potential problems in the instruments such as time
required to answer the questions and ambiguity of wording, and rectify them before commencing
data collection. In the case of the present research, the student questionnaire included items from
various existing scales. Although these scales had been widely used to investigate students’
mathematics-related beliefs, they were mainly applied to measure students’ beliefs in Western
countries rather than students in Asian countries. Furthermore, within each construct of the MBQ-S,
the researcher also developed some new items that were deemed suitable for each particular
construct. The main purposes of the validation process in the present research was to identify
problems regarding the structure of the MBQ-S, the meaning and expression of the items, and the
processes students employed in answering the items in the questionnaire to make sure that
participants fully understood each of the statements in the questionnaire. The MBQ-S was validated
by experts and by conducting cognitive interviews with students. Experts were recruited (nationally
and internationally) to assess the quality of the MBQ-S in terms of quality of items within each belief

construct, how well the items represented the meaning of the belief constructs, and the quality of
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the translated version. The cognitive interviews were also conducted with a small sample of
students to get feedback about their understanding of each item in the questionnaires. The main
purpose was to ensure that participants fully understood the items in the way intended by the
researcher. Based on the information obtained from these processes, the researcher modified the

MBQ-S before it was used to collect the main data.

In the following section, general information about the validation process will first be presented.
The detailed results of the validation stages, and how these results were used to revise the

guestionnaire, will be explained in a later section which discusses each construct of the MBQ-S.

4.3.2.1.1 Testing the construct validity of the MBQ-S using experts

Seven experts participated in the process to revise the MBQ-S, following a number of different
steps. First, the researcher worked with another expert, a Professor in Cognitive Psychology
conducting research on students’ and teachers’ beliefs about learning and teaching, to develop
the first draft of the MBQ-S. The first draft of the instrument consisted of 78 items belonging to
seven types of beliefs: beliefs about the certainty of mathematics knowledge (CMK-8 items);
beliefs about the usefulness of mathematics (UoM-11 items); beliefs about mathematical
problem-solving (MPS-12 items); beliefs about effort (BaE-12 items); beliefs about mathematics
ability (MA-9 items); mathematics self-efficacy beliefs (SelfE-9 items); and students’ perceptions of

teachers’ practices (Per-17 items).

In the next step, two professors from the College of Education, Psychology and Social Work at
Flinders University, who were working in the field of mathematics education and in educational
psychology, were invited to review the structure and the expression of each item. Comments from
these scholars were invaluable to help the researcher improve the MBQ-S. After revising the
guestionnaire based on their advice, the researcher translated the MBQ-S into Vietnamese. At this
point, the researcher worked on the wording of each item so that the intended meaning was

communicated in the Vietnamese language as faithfully as possible.

In the third step, both the English and Vietnamese versions of the MBQ-S were sent to a
Vietnamese expert in English teaching at the College of Humanities, Arts and Social Sciences of
Flinders University, who had a PhD in Education Management, to check the translation and obtain
additional comments on the questionnaire. Based on her comments, the MBQ-S was further

revised. In the fourth step, the revised version was sent out to two experts in the field of
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mathematics education from the Vietnam National Institute of Educational Sciences. The structure
of the questionnaire and the number of items for each belief construct were not changed in this
stage and only the wording of some items in Vietnamese was modified. Further information about
these changes will be provided later when the researcher addresses each construct in detail.
Having undertaken each of the above steps and modified the questionnaire accordingly, the

revised version of the questionnaire was then used for the cognitive interviews.

4.3.2.1.2 Testing the construct validity of the MBQ-S using cognitive interviews

Cognitive interviews are typically used in the drafting of questionnaires to be piloted with a small
sample of people representing the intended demographic of the participant sample. The purpose
of the cognitive interview is to determine whether participants interpret the items as intended by
the researchers (Presser et al., 2004). Cognitive interviews help to identify and prevent potential

misinterpretations of the meaning of the items, and to improve the ways they are expressed.

One of the most important reasons for using cognitive interviews in the present research was that
this was the first time Vietnamese students would respond to a questionnaire about mathematics-
related beliefs. Beliefs about learning and teaching are rarely mentioned in school contexts in
Vietnam. As a result, it was presumed that students might find it difficult to understand some of
the items in the MBQ-S. Two lower secondary schools in Nghe An Province, which had agreed to
participate in the research, were chosen to implement the cognitive interviews. One school was
located in Vinh City, located centrally in Nghe An Province, and the other was in Cua Lo District,
one of the districts of Nghe An Province nearby Vinh City. Within each school, ten students were

invited to participate in the cognitive interviews.

The students were informed that the questionnaire was designed to measure their beliefs about
mathematics and about mathematics learning and teaching. They were also informed that the
purpose of the research was to investigate the influence of these beliefs on students’ mathematics
performance. They were thanked for their willingness to participate voluntarily, then they were
given the MBQ-S to read and answer. The students were asked to mark the items that they did not
understand or thought could be expressed with greater clarity. When the students finished their
answers (in about 25 minutes), they were interviewed. During the interviews, the researcher
asked the participants to how well they understood each item and also asked the students to
explain their understanding of some selected items to ensure that they fully understood their

intended meaning. The participants’ comments about each item were noted.

86



Overall, the students appeared to have good understanding of most items in the MBQ-S. Their
detailed comments for each construct will be presented later, though it is important to note that
they did not seem to fully understand the intended meaning of the words ‘strategy’ and
‘mathematics ability’. In Vietnamese, the term ‘strategy’ is used in business settings rather than in
education, so it was difficult for students to understand this term in the educational context.
Additionally, in Vietnam, the term ‘ability’ is interchangeably used with the terms ‘capability’ and
‘competence’. In order to clarify these, the researcher added the explanations shown below to the
beginning of the questionnaire. When the questionnaire was delivered to participants for the main
data collection, the researcher explained these terms before the participants answered the

guestionnaires. The explanations in the questionnaire were as follows:

e The term ‘ability’ refers to innate ability. People have different beliefs regarding
mathematics ability and the extent to which it can change via education. We would like
you to tell us what are your beliefs.

e The term ‘strategies’ refers to the processes and actions you can use during learning.
General strategies that help you learn (learning strategies), include things such as ‘repeat
thing to remember’, ‘break the problem into smaller problems’, ‘make a table’, and ‘work
backwards’. Sometimes, strategies do not help you to find a correct answer, but they help
you to find the solutions or the appropriate way to solve the problems. In other words,

strategies are not procedures that always lead you to the correct answers.

At the beginning of the questionnaire, there were four items designed to capture students’
demographic information. Students were asked to provide information about their age, gender,
ethnicity, and the particular grade they were in at the time of the research. Students were also
provided with unique identification codes (written at the top of the questionnaire) to connect the
guestionnaire to the mathematics performance test. Each unique identification code also allowed
the researcher to know which district and school students came from. Along with the specific
grade they indicated in a demographic item, this information also allowed the researcher to

connect student data with those of their teachers.

4.3.2.2 Seven constructs of the MBQ-S

Based on comments from experts and results of the cognitive interviews, the researcher finalised

the questionnaire. In addition to three demographic items, the final MBQ-S version consisted of 76
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items measuring seven constructs about mathematics-related beliefs. A cover letter and a consent

form were placed at the front of the questionnaire.

All items in the final questionnaire are showed in Table 4.3. Within each construct, some items

represented beliefs that were assumed to be positive predictors of students’ mathematics

performance (+), and some items represented beliefs that were assumed to be negative predictors

of students’ mathematics performance (-).

Table 4.3: The items in the Mathematics-Related Beliefs Questionnaire for Students (MBQ-S)

Total
. Construct
item . Statement
item No.
No.
I. Beliefs about the Certainty of Mathematics Knowledge (CMK)
1 CMK1 Most of what is true in math is already known (-)
2 CMK2 Math is really just knowing the right formula for the problem (-)
3 CMK3 | prefer a math teacher who shows students lots of different ways to look at the
same problem (+)
4 CMK4 Mathematical theories are the product of creativity (+)
5 CMKS5 In math, the answers are always either right or wrong (-)
6 CMK6 There is no place for students to be creativity in math class (-)
7 CMK7 Math problem has always only one true answer (-)
3 CMKS Answers to questions in math change as mathematicians gather more

information (+)

Il. Beliefs About the Usefulness of Mathematics (UoM)

9 UoM1 | study math because | know how useful it is (+)
10 UoM2 Knowing math will help me earn a living (+)
11 UoM3 Math is a worthwhile and necessary subject (+)
12 UoM4 Math will not be important to me in my life’s work (-)
13 UoM5 Math is of no relevance to my life (-)
14 UoM6 Studying math is a waste of time (-)
Understanding math is important for mathematicians, economists, and scientists
15 UoM7
but not for most people (-)
16 UoM8 The only reason | would take a math class is because it is a requirement (-)
It is important to see the connections between the math | learn in class and real-
17 UoM9 L
world applications (+)
18 UoM10 Ma'Fh provides the foundation for most of the principles used in science and
business (+)
19 UoM11 Math helps us better understand the world we live in (+)

. Beliefs About Mathematical Problem-Solving (MPS)

There are math problems that just can’t be solved by following a predetermined

20 MPS1
sequence of steps (+)
21 MPS2 Math problems can be solved without remembering formulas (+)
22 MPS3 Memorising steps is not that useful for learning to solve math problem (+)
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Learning to do math problems is mostly a matter of memorising the right steps to

23 MPS4 follow ()
Time used to investigate why a solution to a math problem works is time well
24 MPS5
spent (+)
A student who doesn’t understand why an answer to a math problem is correct
25 MPS6 ,
hasn’t really solved the problem (+)
In addition to getting a right answer in math, it is important to understand why
26 MPS7 .
the answer is correct (+)
57 MPSS It’s not important to understand why a mathematical procedure works as long as
it gives a correct answer (-)
Getting a right answer in math is more important than understanding why the
28 MPS9
answer works (-)
It doesn’t really matter that you understand a math problem as long as you can
29 MPS10 .
get the right answer (-)
IV. Beliefs About the Importance of Effort (BaE)
30 BaEl Math problems that take a long time don’t bother me (+)
31 BaE2 | feel | can do math problems that take a long time to complete (+)
32 BaE3 | find | can do hard math problems if | just keep trying (+)
33 BaE4 If | can’t do a math problem in a few minutes, | probably can’t do it at all (-)
34 BaE5 If | can’t solve a math problem quickly, | quit trying (-)
35 BaE6 I’'m not very good at solving math problems that take a long time to figure out (-)
36 BaE7 By trying hard, one can become smarter in math (+)
37 BaE8 Studying hard can improve one’s ability in math (+)
38 BaE9 | can get smarter in math by trying hard (+)
39 BaE10 Ability in math increases when one knows the right strategies (+)
40 BaE11 Appropriate study skills can increase one’s ability to do math (+)
41 BaE12 | can get smarter in math if | know how to solve math problems (+)

V. Beliefs About Mathematics Ability (MA)

When I'm having trouble in math class, better study habits can make a big

42 MAL difference (+)
43 MA2 I’'m confident | could learn math if | had better study strategies (+)
44 MA3 When | don’t understand something, | keep asking questions (+)
45 MA4 Learning good study skills can improve my math ability (+)
Math is like a foreign language to me and even if | work hard, I'll never really
46 MAS .
understand it (-)
47 MAG6 | knew at an early age what my math ability was (-)
48 MA7 It is frustrating when | have to work hard to understand a problem (-)
| can learn new things in math, but | can’t really change the math ability | was
49 MAS8 .
born with (-)
50 MA9 I’'m just not a math student (-)
VI. Students' Self-Efficacy Beliefs (SelfE)
51 SelfEl | feel confident enough to ask questions in my mathematics class (+)
52 SelfE2 | am certain that | can do well in my math tests (+)
53 SelfE3 | can complete all of the assignments in my mathematics course (+)
54 SelfE4 | will be able to use mathematics in my future career when needed (+)
55 SelfE5 | feel that | will be able to do well in future mathematics courses (+)
56 SelfE6 | feel confident when using mathematics outside of school (+)
57 SelfE7 | am afraid to give an incorrect answer during my mathematics class (-)
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58 SelfE8 | worry that | will not be able to get a good grade in my mathematics course (-)
59 SelfE9 | feel stressed when listening to mathematics teachers in class (-)
VII. Students' Perceptions of Teachers' Practices (Per)

60 Perl My math teacher is friendly to us (+)

61 Per2 My math teacher listens carefully when we ask questions or say something (+)

62 Per3 My math teacher understands the problems and difficulties we experience (+)

63 Perd My math teacher tries to make math lessons interesting (+)

64 Per5 My math teacher does not really care how we feel in class (-)

65 Per6 My math teacher appreciates it when we have tried hard, even if our results are
not so good (+)

66 Per7 My math teacher really wants us to enjoy learning new things (+)

67 Per8 My math teacher thinks mistakes are bad (-)

68 Perg My math teacher thinks mistakes are okay as long as we are learning something
from them (+)

69 Perio My math teacher first shows step by step how to solve a specific mathematical
problem, before giving us similar exercises (+)

70 Perll My math teacher explains why math is important (+)

71 Peri2 My math teacher gives us time to really explore new problems and try out
possible solution procedure (+)

77 Peri3 My math teacher wants us to understand the content of this math course, not
just memorise it (+)

73 Perl4d My math teacher lets us do a lot of group work in this math class (+)

74 Perl5 My math teacher shows us different strategies to solve problems (+)

75 Perl6 I(\f;/ math teacher teaches us strategies to remember important math procedures

76 Perl7 My math teacher teaches us strategies to evaluate our problem solutions (+)

The next section describes each of the beliefs within the MBQ-S. Within each construct,
information is provided about the meaning and the purpose of each item, where the items were
taken from, how they changed after the validation process, and how they appeared in the final

version.

4.3.2.2.1 Beliefs about the certainty of mathematics knowledge (CMK)

The construct of beliefs about the certainty of mathematics knowledge measures whether
students believe that mathematics consists of a body of knowledge that is certain and
unchangeable or something malleable that can be changed. Items from this construct were
adopted from the Epistemological Beliefs Questionnaire (Schommer, 1990) and the
Epistemological Beliefs for Mathematics Questionnaire (Wheeler, 2007). In the final version, this
construct consisted of eight items, as shown in Table 4.3. The items representing the beliefs that
mathematics is certain and unchangeable, such as “In math, the answers are always either right or
wrong”, were assumed to be negative predictors of mathematics performance on the basis of the
results of prior research (Koller, 2001; Schommer, 1990). The opposite was assumed for the items
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representing beliefs that mathematics knowledge is malleable, such as “Mathematical theories are
the product of creativity” and “Answers to questions in math change as mathematicians gather

more information”.

As indicated in previous chapters, prior research showed that students usually hold non-availing
beliefs, i.e., beliefs that are negatively associated with quality learning and achievement (Muis,
2004). Students tend to believe that mathematics knowledge is more certain than knowledge of
other disciplines (Baxter Magolda, 2002; Buehl & Alexander, 2005), and there is evidence that
students’ beliefs that mathematics knowledge is certain and unchanging negatively predicted
mathematics performance (Koller, 2001). Additionally, due to the fact that the content-based
curriculum was in use in Vietnam at the time this research was conducted, the researcher divided
this construct into two different sub-constructs; beliefs that mathematics knowledge is certain and
unchanging, and beliefs that mathematics knowledge is malleable. The experts also agreed with

this decision.

The first sub-construct consisted of three items (CMK3, CMK4, CMK8), which the researcher
defined as beliefs that mathematics knowledge is malleable (CMK_P). The second sub-construct
consisted of five items (CMK1, CMK2, CMK5, CMK6, CMK7), with this sub-construct referred to as

beliefs that mathematics knowledge is certain (CMK_N).

4.3.2.2.2 Beliefs about the usefulness of mathematics (UoM)

This construct consisted of eleven observed variables, with six items taken from the Indiana
Mathematics Beliefs Scale (Kloosterman & Stage, 1992) and five items from the Epistemological
Beliefs for Mathematics Questionnaire (Wheeler, 2007). The items representing the beliefs that
mathematics is useful, such as “I study math because | know how useful it is” and “It is important
to see the connections between the math | learn in class and real-world applications”, were
assumed to be positive predictors of mathematics performance. There were also five items
representing the beliefs that mathematics is not useful, such as “Studying math is a waste of time”
and “The only reason | would take a math class is because it is a requirement”. These items were
assumed to be negative predictors of mathematics performance. This scale received positive
feedback from both experts and students during the validation process in that they were all stated
clearly and easy to understand. Therefore, in the final questionnaire, all eleven items (see Table

4.3) were used to measure this construct.
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4.3.2.2.3 Beliefs about mathematical problem-solving (MPS)

As mentioned in Chapter 2, the Indiana Mathematics Beliefs Scale includes five different sub-
scales to measure different aspects of beliefs about mathematical problem-solving (Kloosterman
& Stage, 1992). In the present research, in order to avoid overlap with other constructs, beliefs
about mathematical problem-solving was used to refer specifically to whether mathematical
problem-solving are about memorising steps and procedures and finding correct answers, or
whether it is about understanding why certain mathematical procedures will provide the correct

answers.

This construct included twelve items that measured students’ beliefs about mathematical
problem-solving. It was adopted from two sub-scales of the Indiana Mathematics Beliefs Scale,
namely, “There are word problems that cannot be solved with simple, step-by-step procedures”
with six observed variables and “Understanding concepts is important” with six observed variables
(Kloosterman & Stage, 1992). In the Indiana Mathematics Beliefs Scale, the first sub-scale was
used to measure the beliefs about word problems. In the present research, the researcher
changed the term ‘word problem’ to ‘math problem’ in all of six items in this scale. The second
sub-scale was not altered from the original, however, when this construct was discussed with the
experts, two items were recommended to be removed due to repetition. They were “Any word
problem can be solved if you know the right steps to follow” and “Most word problems can be
solved be using the correct step-by-step procedures”. In the final version, this construct consisted

of ten items.

Within this construct, six items representing the beliefs that understanding rather than
memorisation is important, such as, “Memorising steps is not that useful for learning to solve
math problems”, were assumed to be positive predictors of mathematics performance. Four items
representing the beliefs that what is important is memorising formulas rather than understanding
why formulas work, such as, “Getting a right answer in math is more important than
understanding why the answer works”, were assumed to be negative predictors of mathematics

performance. All items for this construct are listed in Table 4.3.

Prior research showed students tend to believe mathematical problem-solving is about
memorising procedures (Schoenfeld, 1992). Additionally, Vietnamese mathematics teachers
generally apply transmissive teaching approaches (T. T. Nguyen et al., 2019). As a result,

Vietnamese students also tend to memorise procedures and formulas, and they may also believe
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that mathematical problem-solving is about memorising procedures. Therefore, similar to beliefs
about the certainty of mathematics, in order to investigate Vietnamese students’ beliefs about
mathematical problem-solving, the researcher divided this construct into two sub-constructs,
namely, beliefs that mathematical problem-solving is about memorising procedures and formulas,
and beliefs that mathematical problem-solving is about understanding procedures. During the

validation process, the experts also agreed with this decision.

The first sub-construct consisted of four items (MPS1, MPS 5, MPS6, MPS7) with beliefs that
solving problems is not about memorising the rules. The researcher named this sub-construct,
positive beliefs about mathematical problem-solving (MPS_P). The second sub-construct consisted
of four items (MPS4, MPS8, MPS9, MPS10) with beliefs that solving problems is about memorising
the rules. The researcher named this sub-construct, negative beliefs about mathematical problem-

solving (MPS_N).

4.3.2.2.4 Beliefs about the importance of effort (BaE)

The construct of beliefs about the importance of effort in the present research consisted of two
sub-scales with twelve items from the Indiana Mathematics Beliefs Scale (Kloosterman & Stage,
1992). One sub-scale was “I can solve time-consuming mathematics problems” with six items, and
the other, “Effort can increase mathematical ability”, also with six items. Nine items representing
the beliefs that effort is importance to improve mathematics outcomes were assumed to be
positive predictors of mathematics performance, such as “I find | can do hard math problems if |
just keep trying”. Three items representing the beliefs that effort is not importance to improve
mathematics outcome were assumed to be negative predictors of mathematics performance, such
as, “If | can’t solve a math problem quickly, | quit trying”. As shown in Table 4.3, this construct

retained all twelve items in the final version.

4.3.2.2.5 Beliefs about mathematics ability (MA)

As mentioned previously, beliefs about mathematics ability measured the students’ beliefs as to
whether mathematics ability is fixed and immutable (-) or can be changed during the learning
process (+). This construct consisted of nine items that were adopted from the Epistemological
Beliefs Questionnaire (Schommer, 1990) and the Epistemological Beliefs for Mathematics
Questionnaire (Wheeler, 2007). There was no change within this construct in the pilot study phase.
Four items representing the beliefs that mathematics ability can be changed during learning

process were assumed to be positive predictors of mathematics performance, for example,
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“Learning good study skills can improve my math ability”. Five items representing the beliefs that
mathematics ability is fixed and immutable, such as, “Math is like a foreign language to me and
even if | work hard, I'll never really understand”, were assumed to be positive predictors of
mathematics performance. After the validation process, all nine items (see Table 4.3) were

retained to measure this construct.

4.3.2.2.6 Students’ self-efficacy beliefs (SelfE)

In order to measure students’ self-efficacy beliefs, nine items of this construct were developed by
the researcher based on different scales about mathematics self-efficacy beliefs from the
literature. There were six items that expressed positive beliefs, such as, “I feel confident enough to
ask questions in my mathematics class”. Three items expressed negative beliefs, including, “ am
afraid to give an incorrect answer during my mathematics class”. The researcher made some
minor modifications to some items based on the results from the validation process. The full nine

items of this construct were provided in Table 4.3.

4.3.2.2.7 Students’ perception of teachers’ practices (Per)

This construct consists of seventeen observed variables measuring students’ perception regarding
teachers’ friendliness and the encouragement given by mathematics teachers in teaching and
learning. There were thirteen items which were adopted from the Mathematics-related Beliefs
Questionnaire (Op’t Eynde et al., 2006a). Because this scale from the Mathematics-related Beliefs
Questionnaire has been previously used to measure secondary school students’ beliefs, the
researcher retained the same items in the scale. In addition to these items, four new items were
developed. These four items asked students whether they believed that their teachers implement
constructive teaching in mathematics classes. The experts did not express any negative comments
regarding this construct. Through the cognitive interviews, students stated that these items were
easy to understand. There were 15 items expressing positive beliefs about teachers, such as, “My
math teacher is friendly to us” and “My math teacher listens carefully when we ask questions or
say something”. There were two items expressing negative beliefs, such as, “My math teacher
does not really care how we feel in class”. All seventeen items within this construct were provided

in Table 4.3.

To summarise, the MBQ-S was developed based on a number of existing scales designed to
measure mathematics-related beliefs from the research literature. The validation process was

applied by seeking critique from experts and conducting cognitive interviews with Vietnamese
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students and mathematics teachers. The final MBQ-S consisted of the following nine constructs of
mathematics-related beliefs: (1) beliefs that mathematics knowledge is malleable (CMK_P) with
three (03) items; (2) beliefs that mathematics knowledge is certain (CMK_N) with five (05) items;
(3) beliefs that mathematics is useful (UoM) with eleven (11) items; (4) beliefs that mathematical
problem-solving is about understanding procedures (MPS_P) with six (06) items; (5) beliefs that
mathematical problem-solving is about memorising procedures and formulas (MPS_N) with four
(04) items; (6) beliefs about the importance of effort (BaE) with twelve (12) items; (7) beliefs that
mathematics ability can be change during learning process (MA) with nine (09) items; (8) students’
self-efficacy beliefs (SelfE) nine (09) items; and, (9) students’ perceptions of teachers’ practices

(Per) with seventeen (17) items.

4.3.3 Mathematics-Related Beliefs Questionnaire for Teachers (MBQ-T)

With the exception of three background items about their gender, number of years of
mathematics teaching experience, and the class they were teaching, the original MBQ-T consisted
of 69 4-point scale items (1-strongly disagree; 2-disagree; 3-agree; 4-strongly agree). These items
were first grouped into seven constructs, namely, (1) beliefs about the certainty of mathematics
knowledge (CMKt); (2) beliefs about the usefulness of mathematics (UoMt); (3) beliefs about
mathematical problem-solving (MPSt); (4) beliefs about mathematics teaching (Teach); (5) beliefs
about the role of student effort in their learning (BaEt); (6) beliefs about students’ mathematics
ability (MAt); and, (7) teachers’ self-efficacy beliefs (SelfEt). Similar to the MBQ-S, within each
belief construct in the MBQ-T, there were some items representing beliefs that were assumed to
be negative predictors of students’ mathematics performance and some items representing

beliefs that were assumed to be negative predictors of students’ mathematics performance.

The MBQ-T was subjected to the same validation process used for the students’ questionnaire.
First, seven experts (as indicated in the relevant section about the MBQ-S) were invited to assess
the structure and the content of the questionnaire in both English and Vietnamese versions using
the same procedure as was used for the MBQ-S. Cognitive interviews with mathematics teachers
were then conducted at two selected schools. Five mathematics teachers from each school
participated in this process. The mathematics teachers were informed of the purposes of the
research and of the voluntary nature of their participation, and were then given the questionnaire
to read and answer by themselves. The teacher interviews were conducted afterward. In general,

the teachers said that they understood the items in the questionnaire. However, similar to
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students, there were two terms, ‘strategies’ and ‘mathematics ability’, that teachers expressed
some confusion around. Therefore, in order to clarify these terms to avoid misunderstanding, the
researcher added explanations of these terms at the beginning of the teachers’ questionnaire, as

was done for the students’ questionnaire.

The final MBQ-T had 61 items measuring seven different constructs about mathematics-related

beliefs and their teaching practices. Table 4.4 shows all items in the final version of MBQ-T.

As mentioned in the previous chapter, in order to investigate in greater detail of the possible
inconsistency in each type of beliefs as well as their influence on students’ mathematics
performance, the researcher decided to divide each construct into two sub-constructs. The first
sub-construct consisted of items representing beliefs that were assumed to be positive predictors
of students’” mathematics performance (+), and the second sub-construct consisted of items
representing beliefs that were assumed to be negative predictors of students’ mathematics
performance (-). Similar to student participants, teachers were assigned a unique identification
code to identify the district and schools to which they belonged. Along with the information about
the specific classes they were teaching, this information helped the researcher to connect the

teachers with their students.

Table 4.4: The items in the Mathematics-Related Beliefs Questionnaire for Teachers (MBQ-T)

Total Item | Construct

. Statement
No. item No.

I. Beliefs about the Certainty of Mathematics Knowledge (CMKt)
1 CMKt1 Most of what is true in math is already known (-)
2 CMKt2 Math is really just knowing the right formula for the problem (-)

It is better when a math teacher shows students lots of different ways to

3 CMKt3 look at the same problem (+)

4 CMKt4 Mathematical theories are the product of creativity (+)

5 CMKt5 In math the answers are always either right or wrong (-)

6 CMKt6 There is no place for students to be creative in math class (-)
7 CMKt7 Math problem has always only one true answer (-)

Answers to questions in math change as mathematicians gather more
information (+)

Il. Beliefs about the Usefulness of Mathematics (UoMt)

8 CMKt8

9 UoMt1l | teach math because | know math is useful (+)
10 UoMt2 Knowing math will help people earn a living (+)
11 UoMt3 Math is a worthwhile and necessary subject (+)
12 UoMt4 Math will not be important to students in their life’s work (-)

Understanding math is important for mathematicians, economists, and
scientists but not for most people (-)
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The only reason students would take a math class is because it is a

14 UoMt6 .
requirement (-)

15 UoMt7 It is important to see the connections between the math students learn in
class and real-world applications (+)

16 UoMt8 Math pr.owdes the foundation for most of the principles used in science
and business (+)

17 UoMt9 Math helps us better understand the world we live in (+)

11l. Beliefs about Mathem

atical Problem-solving (MPSt)

There are math problems that just can’t be solved by following a

18 MPSt1 .
predetermined sequence of steps (+)
19 MPSt2 Math problems can be solved without remembering formulas (+)
20 MPSt3 Memorising steps is not that useful for learning to solve math problems (+)
51 MPSta Learning to do math problems is mostly a matter of memorising the right
steps to follow (-)
29 MPSt5 Time used to investigate why a solution to a math problem works, is time
well spent (+)
A student who doesn’t understand why an answer to a math problem is
23 MPSt6 ,
correct hasn’t really solved the problem (+)
24 MPSt7 In addition to getting a right answer in math, it is important to understand
why the answer is correct (+)
75 MPSt8 It's not important to understand why a mathematical procedure works as
long as it gives a correct answer (-)
Getting a right answer in math is more important than understanding why
26 MPSt9
the answer works (-)
57 MPSt10 It doesn’t really matter whether or not students understand a math

problem as long as they can get the right answer (-)

IV. Beliefs about math teaching (Teach)

It is important for teachers to teach students strategies to solve math

28 Teachl problems (+)

29 Teach? S'Fudents will learn math better if teachers let them have opportunities to
discuss math (+)
Teachers should teach students ways to integrate new information with

30 Teach3 S
their existing knowledge of math (+)

31 Teacha Teaching math involves mostly the transmission of math knowledge from
teachers to students (-)

32 Teachs Telling students the correct answers in math is the most important task for
teachers (-)

33 Teach6 The main go?l of teaching math is to increase the amount of knowledge in
the students” memory (-)

34 Teach? Tea(_:hers can help students learn math when they teach them problem-
solving strategies (+)

35 Teach8 Repeating math knowledge in class is necessary for students learning (-)

36 Teachg Math learning depends mostly on how good the teacher is to tell students
what they need to know about math (-)

37 Teach10 Stud.ents 'Iearn best when they develop their mathematical problem-
solving skills (+)

38 Teachll The main goal of teaching math is to help students develop learning

strategies in math (+)
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V. Teachers’ self-efficacy beliefs (SelfEt)

39 SelfEtl | am certain | can teach math concepts effectively (+)

40 SelfEt2 | have no difficulties answering students’ math questions (+)

41 SelfEt3 | am certain that | am a good teacher of math (+)

42 SelfEt4 | often wonder whether | am effective in monitoring math activities (-)
Sometimes | doubt whether | understand math concepts well enough to be

43 SelfEt5 .
an effective math teacher (-)

44 SelfEt6 | wonder if | have the necessary skills to teach math (-)

45 SelfEt7 (G;ven a choice, | will not invite the principal to evaluate my math teaching

46 SelfEt8 Often | do not know what to do to turn students on to math (-)

VI. Beliefs about the role of students’ Effort in their learning (BaEt)

47 BaEtl By trying hard, one can become smarter in math (+)

48 BaEt2 Studying hard can improve one’s ability in math (+)

49 BaEt3 Students can get smarter in math by trying hard (+)

50 BaEt4 Ability in math increases when one knows the right strategies (+)

51 BaEt5 Appropriate study skills can increase one’s ability to do math (+)

59 BaEt6 Students can get smarter in math if they know how to learn math problems

(+)
VII. Beliefs about students’ Mathematics Ability (MAt)
Better study habits are the key to success for students who struggle in math

53 MAt1
(+)
Student who doesn’t have high natural ability in math is still capable of
54 MAt2 . e ep .
learning difficult math material (+)
55 MAt3 Learning good study skills can improve a students’ math ability (+)
56 MAt4 Some people are born with great math ability and some aren’t (-)
57 MAt5 Math ability is really just something students are born with (-)
The smartest math students don’t have to do many problems because they
58 MAt6 . .
just get them quickly (-)
59 MAL7 t;s frustrating for students to have to work hard to understand a problem
60 MAtS Students can learn new things in math, but they can’t really change the
math ability they were born with (-)
61 MAt9 Most people know at an early age whether they are good at math or not

(-)

4.3.3.1 Beliefs about the certainty of mathematics knowledge (CMKt)

This construct consisted of eight items, seven of which were also used in the students’
guestionnaire. Based on the experts’ recommendations, the item “I prefer a math teacher who
shows students lots of different ways to look at the same problem” from the students’
guestionnaire was changed to “It is better when a math teacher shows students lots of different
ways to look at the same problem” to be suitable to capture the teachers’ perspective. There were
five items representing the beliefs that mathematics is certain and unchangeable (CMKt_N), and
three items representing the beliefs that mathematics knowledge is malleable (CMKt_P). All items

are listed in Table 4.4.
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4.3.3.2 Beliefs about the usefulness of mathematics (UoMt)

This construct was developed by selecting items from the student questionnaires that were
applicable to teachers. As a result, this construct is similar to the one used in the MBQ-S, with the
exception of two items that were not considered relevant to teachers based on recommendations
from experts. Specifically, those items were, “Math is of no relevance to my life” and “Studying
math is a waste of time”. In the final questionnaire, nine items were used in this construct, as
shown in Table 4.4. Six items represented the beliefs that mathematics is useful (UoMt_P) and

three items represented the beliefs that mathematics is not useful (UoMt_N).

4.3.3.3 Beliefs about mathematical problem-solving (MPSt)

This construct consisted of the same ten items as the MBQ-S, appropriately modified to capture a
teacher’s perspective. As shown in Table 4.4, six items represented beliefs that what is important
is understanding solutions and their mathematical procedures as opposed to memorisation of
formulas and steps (MPSt_P), such as “a student who doesn’t understand why an answer to a
math problem is correct hasn’t really solved the problem”, were assumed to be positive predictors
of students’ mathematics performance. Four items represented the beliefs that what is important
is memorising formulas as opposed to understanding solutions and their mathematical
procedures, such as “getting a right answer in math is more important than understanding why
the answer works”. These items were hypothesised to be negative predictors of students’

mathematics performance (MPSt_N).

4.3.3.4 Beliefs about mathematics teaching (Teach)

The purpose of this construct was to investigate teachers’ beliefs regarding the nature of teaching,
focusing on the distinction between constructive and transmissive teaching. It consisted of 11
items that were partly based on, or influenced by, existing research in this area. The experts
mostly agreed on the eleven items in this construct. The mathematics teachers in the cognitive
interviews expressed the opinion that all of these items were easy to understand. As can be seen
from Table 4.4, six items represented beliefs consistent with constructive approaches to teaching,
such as, “Students will learn math better if teachers let them have opportunities to discuss math”
(Teach_P). Five items represented beliefs more consistent with transmissive views about teaching,
such as, “The main goal of teaching math is to increase the amount of knowledge in the students’

memory” (Teach_N).
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4.3.3.5 Teachers’ self-efficacy beliefs (SelfEt)

In order to measure teachers’ self-efficacy beliefs, eight observed variables of this construct were
developed based on existing scales on teachers’ self-efficacy beliefs from the research literature.
Some minor modifications were made to some items based on results from the validation process.
As shown in Table 4.4, four items expressed beliefs in high self-efficacy, such as “l have no
difficulties answering students’ math questions” (SelfE_P), and four items expressed beliefs in low

self-efficacy, such as, “l wonder if | have the necessary skills to teach math” (SelfE_N).

4.3.3.6 Beliefs about the role of students’ effort in their learning (BaEt)

This construct was developed by selecting items from the student questionnaires that were
suitable for teachers. In the original questionnaire, there were 12 items adapted from the student
guestionnaire. However, some experts recommended removing items related to spending time to
solve problem (six items). In the final version, six items in this construct represented beliefs that
students’ effort is important to improve their mathematics outcomes, such as, “studying hard can
improve one’s ability in math”, that were assumed to be positive predictors of students’

mathematics performance.

4.3.3.7 Beliefs about students’ mathematics ability (MAt)

All items from this construct were adopted from the Epistemological Beliefs Questionnaire
(Schommer, 1990) and the Epistemological Beliefs for Mathematics Questionnaire (Wheeler, 2007).
Experts and mathematics teachers had no comments on these items. Three items represented
beliefs that mathematics ability can be changed during the learning process (MAt_P), such as, “a
student who doesn’t have high natural ability in math is still capable of learning difficult math
material”, were assumed to be positive predictors of students’ mathematics performance. Six items
represented beliefs that students’ mathematics ability is fixed and immutable (MAt_N), such as,
“students can learn new things in math, but they can’t really change the math ability they were born

with”, which were assumed to be negative predictors of students’ mathematics performance.

To summarise, the MBQ-T was developed based on many existing scales of teachers’ mathematics-
related beliefs from the research literature. Similar to the MBQ-S, a validation process was applied
by seeking advice from experts and conducting cognitive interviews with Vietnamese students and
mathematics teachers. The final MBQ-T consisted of the 13 following sub-constructs of teachers’
mathematics-related beliefs: (1) beliefs that mathematics knowledge is malleable (CMKt_P) with

three (03) items; (2) beliefs that mathematics knowledge is certain (CMKt_N) with five (05) items; (3)
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beliefs that mathematics is useful (UoMt_P) with six (6) items; (4) beliefs that mathematics is not
useful (UoMt_N) with three (03) items; (5) beliefs that mathematical problem-solving is about
understanding procedures (MPSt_P) with six (06) items; (6) beliefs that mathematical problem-
solving is about memorising procedures and formulas (MPS_N) with four (04) items; (7) beliefs in
constructive teaching of mathematics (Teach_P) with six (06) items; (8) beliefs in transmissive
teaching of mathematics (Teach_N) with five (05) items; (9) high self-efficacy beliefs (SelfEt_P) with
three (03) items; (10) low self-efficacy beliefs (SelfEt_N) with five (05) items; (11) beliefs about the
importance of students’ effort (BaEt) with six (06) items; (12) beliefs that students’ mathematics
ability can be change during learning process (MA) with three (03) items; and, (13) beliefs that

students’ mathematics ability is innate (MAt_N) with six (06) items;

4.3.4 Assessments of students’ mathematics performance

’

The main purpose of the present research is to investigate the influence of students’ and teachers
mathematics-related beliefs on students’ mathematics performance. In order to do so, the
researcher used various indicators of mathematics performance to explore these relationships.
First, the student scores in the district’s end-of-term exam for mathematics, which were collected
from schools, were used. Second, the researcher designed an assessment of students’
mathematics performance that assessed the ability to solve Viethamese mathematics curriculum-
based problems and PISA-based problems. This section presents relevant issues regarding these

performa nce measures.

4.3.4.1 District mathematics exam

Students’ scores in the district exam were chosen as one of the measures of students’
mathematics performance. This exam is designed by the Bureau of Education and Training from
each district in Vietnam, and all ninth grade students participate in the assessment. By choosing a
common mathematics assessment, mathematics scores are comparable among students within
each district. This district end-of-term exam is carefully designed to cover all important aspects of

mathematics in the current mathematics curriculum covered during the first semester.

4.3.4.2 The assessment of mathematics performance designed for the purpose of the research

This assessment consisted of two parts. The first part included items that students commonly
encounter in the context of their mathematics curriculum at school. The second part included
mathematical problems used in recent PISA tests (OECD, 2006; Stacey & Turner, 2015). This

section describes these two parts of assessment.

101



4.3.4.2.1 Part1: Mathematics assessment based on the current mathematics curriculum in
Vietham
This part of the assessment was designed to test how much the students had benefited from
mathematics instruction at school. When the research was implemented, the ninth grade
students had just finished their Semester 1 in Vietnam. In the mathematics curriculum, there
were two important areas covered in ninth grade mathematics at this stage: algebra and
geometry. Therefore, an assessment instrument was designed to include two multiple-choice

qguestions in algebra and two multiple-choice questions in geometry.

When ninth grade students finish the first semester, they are expected to have algebraic
knowledge about square root and linear functions, and this is emphasised in the mathematics
curriculum. The following item was considered an easy item where students need only find the
numbers that have the square root. If students have learned about square root, they would know

that only 0 or positive numbers can have a square root. The answer for this item is B (4 numbers).

1 1
Item 1. Let’s take the following numbers _Z; 4;-1; 0; Z; 1; -4. How many numbers have the square
root?

A. 3 numbers B. 4 numbers

C. 5 numbers D. 7 numbers

The mathematics curriculum emphasises that students should have introductory knowledge

about linear functions, and they should be able to indicate or check whether the point presented
in the form of (x, y) satisfies the designated equation in the graph. The following item in the test
measured the understanding of the relationships between linear functions and their graphs. This
item was a medium-level item, where students should know to identify which the coordinates of

x and y in the given options satisfied the function. In this case, the answer is D.

Item 2. Which of the following is on the graph of function y = —4x + 1?

A.(1;5) B. (~1; 3)
C.(1;-5) D. (1; -3)

Within the area of geometry, the mathematics curriculum emphasises that students know the
right-angled triangle altitude theorem and can use this theorem to calculate relevant elements of

the right-angled triangle. In the test, there were two items in this area. The following item
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measured geometry knowledge about the relationships of ratios in similar right-angled triangles
by asking students to calculate the length of x and y. This was a medium-level item where students
had to find the ratios between sides and hypotenuse of the similar right-angled triangles. In this

case, the answer is B.

Item 3. The results for x and y in Figure 1 are:

A.X=4and y=16 ) {
B.X=4and Y= 245

_ X
C.X=2and y=8 Figure 1

D. X=2and Y= 22

The second item also measured geometry knowledge about the relationships of ratios. However,
this is a difficult item where students have to indicate right answer for ratios using sides,

hypotenuse, and altitude of the right-angled triangle. In this case, the answer is D.

Item 4. In Figure 2, which equation is correct?

A
A. a’=cb’
B. b*=ca'
2 b ., C
c.cc=a'b’
b H-.
D. h*=a'b'
h %
at N\
C a wB
Ficnira?

4.3.4.2.2 Part 2: Mathematics performance assessment based on PISA problems

One of the purposes of the present research is to investigate the influence of mathematics-related
beliefs on mathematical problem-solving performance in general, beyond the strict limits of the
taught curriculum. In order to achieve that purpose, two problems from the Programme for
International Student Assessment (PISA) were chosen. The Organization for Economic Co-
operation and Development (OECD) has implemented PISA since 2000, and the assessment is
conducted every three years. In the PISA, fifteen-year-old students are assessed in the domains of
mathematics, science, and reading. After each cycle, OECD released some problems as samples for
stakeholders who are interested in investigating different aspects of the PISA assessment. In the

present research, the sample was also ninth grade students, so the researcher selected two real-
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world problems with four questions representing ninth grade algebra and geometry, where

students could use mathematics knowledge that they have learned to solve these problems.

Being aware that Vietnamese students rarely work on real-world problems at school, and based
on PISA analysis of the item difficulty and the level of mathematics knowledge and skills ninth
grade students had when they finished Semester 1, two problems were selected. Within each
problem, there was one easy item and one item of medium-level difficulty. These problems assess
whether students can transfer current knowledge and skills to solve problems that relate to
everyday situations. The problems were adopted from OECD sources (OECD, 2006; Stacey &

Turner, 2015). The following section presents these two problems.

Problem 1: APPLES. A farmer plants apple trees in a square pattern. In order to protect the apple trees
against the wind he plants conifer trees all around the orchard. Here you see a diagram of this situation
where you can see the pattern of apple trees and conifer trees for any number (n) of rows of apple

trees:

Removed due to copyright restriction

There were two items for this problem. The first item was quite easy with students asked to
complete a table indicating the number of apple trees and number of conifer trees based on the

number of apple tree rows.

Item 5: APPLES. Complete the table:

N Number of apple trees Number of conifer trees
1 1 8

2 4

3

4

5

The second item related to solving a simple quadratic equation. From experience of practical

situations with Vietnamese students, although the quadratic equation is simple, students were
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expected to find it difficult to extract information from the item to obtain the equation. This item

is shown as follows:

Item 6: APPLES. There are two formulae you can use to calculate the number of apple trees and the
number of conifer trees for the pattern described above: Number of apple trees are n?; Number of
conifer trees are 8n where n is the number of rows of apple trees. There is a value of n for which the
number of apple trees equals the number of conifer trees. Find the value of n and show your method of

calculating this.

The second problem also had two items. This problem related to geometry knowledge. The
reason these particular geometry problems were selected was because the students had just
finished their first semester of study, and the theorem of Pythagoras was the focus of the
curriculum. The two PISA problems were selected from the same topic field in order to find out
how students could use their knowledge and skills that they had just been instructed at school in

order to solve a new, unfamiliar real-world problem.

Problem: SAILING SHIPS. Ninety-five percent of world trade is moved by sea, by roughly 50 000 tankers,
bulk carriers and container ships. Most of these ships use diesel fuel. Engineers are planning to develop
wind power support for ships. Their proposal is to attach kite sails to ships and use the wind’s power

to help reduce diesel consumption and the fuel’s impact on the environment.

Removed due to copyright restriction

In the first item of this problem, students needed to realise that the objective was to apply
trigonometric ratios in right-angled triangle to calculate hypotenuse. In fact, this question

appeared to be easier for students when the image with the right-angled triangle was shown.

Item 7: SAILING SHIPS. Approximately what is the length of the rope for the kite sail, in order to pull the
ship at an angle of 45° and be at a vertical height of 150 m, as shown in the following diagram?
A.173m
B.212m
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C.285m
D.300 m

Removed due to copyright restriction

The second item of this problem was considered the most difficult item in this part. Although the
nature of the mathematics behind this item is quite easy, the students might struggle with the

information provided in this item.

Item 8: SAILING SHIPS. Due to high diesel fuel costs of 0.42 zeds per litre, the owners of the ship
NewWave are thinking about equipping their ship with a kite sail. It is estimated that a kite sail like this

has the potential to reduce the diesel consumption by about 20% overall.

Removed due to copyright restriction

The cost of equipping the NewWave with a kite sail is 2 500 000 zeds. After about how many years would

the diesel fuel savings cover the cost of the kite sail? Give calculations to support your answer.

A rubric was developed to score each item of the performance test. Each multiple-choice item had
three codes: O for incorrect answer, 1 for correct answer, and 9 for missing answer. Two open-

ended questions (Item 6 and Item 8) were scored from 0 to 2 as follows:

Item 6 scoring

Code 2: n=8, algebraic method explicitly shown
n’=8n,n*-8n=0,n(n-8)=0,n=0&n=8,son=8

Code 1: n=8, no clear algebra presented, or no work shown

Code 0: Other responses

Code 9: Missing.

Item 8 scoring

Code 2: A solution from 8 to 9 years is provided with adequate (mathematical) calculations.
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- Diesel consumption per year without a sail: 3.5 million litres, price 0.42 zed/litre, costs for diesel
without a sail 1 470 000 zeds.
- If 20% is saved with the sail this results in a saving of 1 470 000 x 0.2 = 294 000 zeds per year.
- Thus: 2 500 000 / 294 000 = 8.5, i.e., after about 8 to 9 years, the sail becomes (financially)
worthwhile.
Code 1: Solve up to 2 steps above or equivalent.
Code 0: Other responses.
Code 9: Missing.

To summarise, the mathematics performance test had two different parts with four items in each
part. Students were allocated 45 minutes to complete the test. During the development of the
performance test, the test was first translated from English to Vietnamese by the researcher. Two
researchers in the field of mathematics education from the Vietnam Institute of Educational
Sciences were invited to review the test. These two experts generally agreed with the content of
the test and stated that this test was suitable to assess Vietnamese ninth grade students’

mathematics performance.

4.4 Statistical Procedures

There were three stages of data analysis for the current investigation. First, the collected data was
entered and analysed using SPSS 25. The purpose of this stage was to provide descriptive statistics
about the participants and preliminary data analysis. In the second stage, Confirmatory Factor
Analysis (CFA) was employed to develop a measurement model and to test if the data was
sufficient to implement Structural Equation Modelling (SEM). Stage three tested how well the part
of the proposed structural model for students fitted the data and investigated the relationships
between proposed constructs of mathematics-related beliefs and mathematics performance using
SEM. The present research also employed multilevel SEM analysis to explore the effects of
teachers’ mathematics related beliefs on students’ mathematics performance. Results of the data
analysis are discussed in Chapter 5. This section provides basic background information about the

statistical procedures employed.

4.4.1 Structural Equation Modelling

4.4.1.1 Why SEM is selected for the present research

Recently, Structural Equation Modelling (SEM) has been widely used among researchers in
behavioral and social sciences (Khine, 2013). SEM is considered as the second generation of
multivariate analysis to explore relationships among independent and dependent variables (Kline,

2011). Similarly, Hair et al. (2019) defined SEM as a combination of multiple regression and factor

107



analysis to test the hypotheses on relationships simultaneously. Some researchers also provided
specific recommendations to utilise SEM for educational research (Khine, 2013; Schreiber, Nora,
Stage, Barlow, & King, 2006). In terms of the investigation of mathematics-related beliefs and their
associations with mathematics’ performance, some scholars also recommended that modern
techniques of data analysis (e.g., SEM) should be employed to explore such complex relationships

(Muis, 2004).

The selection of SEM as the main analysis technique was based on a number of reasons. First, as
discussed above, compared to other traditional techniques (such as regression or path analysis),
SEM is more appropriate when one independent variable within a relationship may become a
dependent variable in another relationship. Second, the purpose of the present research is to
explore a complex structural model between various constructs of students’ and teachers’
mathematics-related beliefs and students” mathematics performance. These constructs were
considered as latent variables which were measured by different observed variables. In this
context, SEM offered more advantages than other analysis techniques. Finally, the present
research also explored the complex relationships between different belief constructs of teachers’
mathematics related beliefs with three different types of mathematics performance. Currently,
only multilevel SEM analysis allows this complexity of analysis. The present research employed

Mplus version 8.4 (Muthén & Muthén, 1998-2017) as the main software for data analysis.

According to Hair et al. (2019), six stages in SEM analysis are following: “Stage 1: Defining
individual constructs; Stage 2: Developing the overall measurement model; Stage 3: Designing a
study to produce empirical results; Stage 4: Assessing the measurement model validity; Stage 5:
Specifying the structural model; Stage 6: Assessing structural model validity” (Hair et al., 2019, p.
625). The first four stages are measurement model examination where CFA techniques are
applied, and the last two stages are structural model examination where SEM techniques are
applied. They also recommended that researchers should evaluate the structural model using this
two-step approach. In other words, researchers should first evaluate the measurement model and

then the structural model.

4.4.1.2 Sample size

Sample size within the targeted population is a critical issue for quantitative researchers. Although
the use of a large sample cannot guarantee precision, small samples may impact the accuracy of

the results (Hair et al., 2019). With the application of SEM, sample size is always carefully
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considered because of the demand of the analysis. There are different rules of thumb about
sample size proposed by researchers. For example, Kline (2011) proposed that, in order to analyse
a complicated path model, the sample size should be 200 or more. Moreover, Schreiber et al.
(2006) recommended that with the model, there should be at least 10 respondents for each
estimated parameter. Hair et al. (2019) suggested that the sample size estimation should be based
on the number of participants per estimated parameter. They also suggested that if the model has
many constructs and/or fewer than three observed variables within some constructs, the sample
size should be at least 500. In line with the above recommendations and based on the complexity
of the proposed model of the present research, it was decided that the sample size for this

research should be at least 600.

4.4.1.3 Coding and Missing data

In the case of the present research, the questionnaire and the test papers completed by
participants were screened before the process of data entry. One of the main purposes of this
process was to check for missing background information, missing answers, and choice of more
than one option for some statements. This process also provided a general view about how
students and teachers responded to the questionnaires and the performance test. Although this
step was simple, it still provided important information before moving on to the data entry
process. In regard to the coding of the questionnaires, apart from the demographic items, both
students’ and teachers’ questionnaires included 4-point-scale items. Accordingly, it was coded 1 as
‘strongly disagree’, 2 as ‘disagree’, 3 as ‘agree’, and 4 as ‘strongly agree’. The code of 8 indicated
missing answers. Regarding statements where students chose two options, if the two options
were both of agreement (i.e., ‘strongly agree’ and ‘agree’), it was coded as ‘agree’. If two options
were both of disagreement (i.e., ‘strongly disagree’ and ‘disagree’), then it was coded as
‘disagree’. If the two options crossed agreement and disagreement scores (i.e., ‘agree’ and

‘disagree’), it was coded as a missing value.

In terms of the mathematics performance test, the researcher marked the scores of open-ended
items (in the part of PISA problems) directly on the students’ test papers based on the developed
rubric. When this process was complete, IBM SPSS Statistics 25.0 (IBM Corp, Released 2017) was
employed to enter all student and teacher data. The data were then cleaned using the descriptive
statistics for each item to ensure all data fully reflected the participants’ responses and ensure

data accuracy prior to the main analysis.
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Dealing with missing data is one of the considerations in data analysis because it may influence the
results of the research (Hair et al., 2019), and it is even more critical with structural equation
modelling (Schumacker & Lomax, 2004). Some researchers suggested that it is considered
acceptable if the percentage of missing data is less than 5%. After the above process, the rate of
missing data was also calculated. There was a total of 331 (0.651%) missing values in the student
data. The teacher data had only 37 (1.319%) missing values. Because the percentage of the missing

data was low, the researcher did not apply the imputation procedure for the present research data.

4.4.2 Confirmatory Factor Analysis

When researchers developed the constructs and the observed variables of each construct based on
theories and/or empirical research, Confirmatory Factor Analysis (CFA) was normally used in
preference to Exploratory Factor Analysis (EFA) to examine the extent to which items from a
construct may reflect that construct based on collected data. In other words, “CFA reveals the
degree of confirmation for our preconceived measurement theory” (Hair et al., 2019, p. 661). As
mentioned elsewhere in this chapter, the proposed structural model of the present research was
developed based on multiple theories and results from prior research. Additionally, each construct
was designed based on valid and reliable scales from the research literature. These constructs were
assessed carefully through the pilot study. Consequently, the present research employed CFA
techniques rather than EFA in order to revalidate and examine the characteristics of all beliefs
constructs from the proposed mathematics-related belief system. Many issues should be considered

when researchers conduct CFA. This section covers issues relevant to the present research.

4.4.2.1 Measurement Model Identification

Identification refers to the information used to estimate a set of unknown parameters based on
known information (Brown, 2006). When a model is identified, it means that a unique set of
estimates can be calculated for the unknown values of parameters in the model. Researchers
proposed three levels of identification based on the degree of freedom (df): under-identified, just-
identified, and over-identified. A model is ‘under-identified’ (i.e., unidentified) if there are more
parameters to be estimated than the known information (i.e., df < 0). A model is ‘just-identified’ if
there is a unique solution to estimate the unknown parameter (i.e., df = 0). A model is ‘over-
identified’ if there is more than one estimate for unknown parameters in the model (i.e., df >0)
(Brown, 2006; Hair et al., 2019; Harrington, 2008; J. Wang & Wang, 2012). An example for just-
identified model is the model with a latent variable measured by three observed variables since

this model has six known parameters (three variances and three covariances) and six unknown
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parameters (three factor loadings and three error variances). In practice, from the research design,
all of the proposed models are over-identified. At this point, a solution of measurement models
should be provided with a positive value of the degree of freedom and a corresponding value of
chi-square goodness-of-fit. This issue will be discussed in the next section. In terms of the number
of items per construct to ensure model identification, many researchers recommended that there

should be at least three items for each construct (Hair et al., 2019).

4.4.2.2 Construct validity

The term ‘validity’ refers to many different aspects. Firstly, face validity and content validity need to
be checked before conducting any statistical procedures. The present research carefully assessed
the face validity and content validity during the validation process, as previously discussed, using
methods of expert assessment and cognitive interviews. Secondly, ‘construct reliability’ (CR) is
normally used with SEM analysis to measure the reliability of the constructs (Hair et al., 2019), and
this was also applied for the present research. A value of 0.70 or higher for CR is considered a good
reliability, however, values between 0.60 and 0.70 are acceptable (Hair et al., 2019). Details of the

construct reliability of each construct in the present research will be provided in Chapter 5.

4.4.2.3 Fitindices

All observed variables in the questionnaire were categorical variables, so Weight Least Square
Mean and Variance (WLSMV) estimation was used for all SEM analyses and subsequent path
models to estimate parameters, standard errors, X2, and other fit indices. Assessing fit is an
important step when CFA is applied to examine whether the proposal measurement model is
valid. There are many different types of fit indices. In educational research, common use of fit
indices includes Chi-square goodness-of-fit (x2), the ratios of Chi-square goodness-of-fit and
degree of freedom, Comparative Fit Index (CFl), Tucker-Lewis Index (TLI), Root Mean Square Error
of Approximation (RMSEA), and Standardized Root Mean Square Residual (SRMR) (Khine, 2013;
Schreiber et al., 2006). The present research also used these fit indices to assess how well the

collected data fitted the proposed structural model of the study.

Chi-square goodness-of-fit (x?) indicates the fit between a proposed model and the corresponding
model obtained from the sample (Hu, 2018, p. 66), and a high p-value suggests a closer fit
between these two models. In other words, when considering a good fit for a model, the chi-
square (x?) index will first be used to examine the overall fit if it is not significant. However, this

index is dependent on sample size of the research, and if the sample size is large enough, x?
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statistic might show the significance. Kline (2011) suggested that this influence can be reduced by
dividing the x? index by the degree of freedom. Therefore, in research where sample size is large,
as in the present research, the ratio of chi-square and degree of freedom (x?/df) index, which is
less dependent on sample size, is used with values ranging from 2 to 3 and as high as 5 to indicate
a good fit. In the present study, we used the x?/df index with values less than 3. Because of this

reason, some other fit indices were also used to evaluate the overall fit.

Comparative Fit Index (CFl) assesses model fit of independence model (Khine, 2013). This index
was first introduced by Bentler (1990). The values of this index vary from 0.0 to 1.0, with values
closer to 1.0 indicating good fit (with higher values representing better fit). Another fit index, the
Tucker-Lewis Index (TLI) compares a proposed model against a null model (Kelloway, 2015). Similar
to CFI, the values of this index vary from 0.0 to 1.0 with values closer to 1.0 indicating good fit
(higher values represent better fit). Researchers proposed different rules of thumb about the cut-
off value for these two fit indices. While some researchers proposed that the cut-off values should
be greater than 0.95 (Schreiber et al., 2006), others argued the cut-off values of these fit indices
depend on the sample size of the research (Hair et al., 2019). With a sample of 620 participants,

the present research used the cut-off values of 0.90 for these two fit indices (Hair et al., 2019).

Root Mean Square Error of Approximation (RMSEA) measures the error of approximation per model
degree of freedom. Unlike the x?, RMSEA is not influenced by the large sample size and it has
become one of the most informative fit indices. The RMSEA index tells us how well the model would
fit the population’s covariance matrix. There are some recommendations for RMSEA cut-off points.
However, more recently, a cut-off of .06 is considered as a reasonable value (Hair et al., 2019). The
final fit index used in this research, Standardized Root Mean Square Residual (SRMR), is defined as
the standardised difference between an observed correlation and a predicted correlation. It may be
biased when a sample has a small size and a low degree of freedom. A value of 0 in the SRMR

indicates a perfect fit. In practice, values of 0.8 or lower are considered a good fit.

4.4.2.4 Factor loadings

Factor loadings are the coefficients that link the observed variables and their underlying constructs
(J. Wang & Wang, 2012). A factor loading indicates the correlation between an observed variable
and a factor, with higher loadings making the variable representative of the factor (Hair et al.,
2019). Normally, factor loadings with completed standardised solutions will be reported. The value
of the factor loadings is one crucial consideration (Hair et al., 2019). In other words, the size of

factor loadings is an important consideration in the process of assessing measurement model. At
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minimum, all factor loadings should be statistically significant. In terms of the rules of thumb,
Brown (2006) recommended that the cut-off point should be 0.30. Hair et al. (2019) suggested the
cut-off values of standardised loadings vary based on the sample size and the number of
constructs and items within each construct. Although standardised loadings should be 0.50 or
higher, the cut-off value of 0.4 was acceptable. The present research applied the cut-of value at

0.4 for factor loadings of all items in the questionnaires.

4.4.3 Multilevel structural equation modelling

Over the past two decades, multilevel structural equation modelling has become a mainstream
data analysis tool to explore relationships between different factors in different levels of sample
structures (Heck & Thomas, 2015). Multilevel structural equation modelling enables us to propose
guestions of the data that cannot be adequately investigated using other single-level techniques
such as multiple regression, path analysis, or structural equation modelling. The procedures of
multilevel SEM analysis are the same as SEM analysis regarding analysis steps, requirements of fit
indices, and factor loadings (Finch & Bolin, 2017). In the present research, multilevel SEM through
Mplus software was used to examine the relationships between different constructs of teachers’

mathematics-related beliefs and students’ mathematics performance.

4.5 Summary

This chapter has presented the methodology of the present research and outlined the sample of
620 ninth grade students and 46 mathematics teachers at seven secondary schools who
participated. The instruments, including the questionnaires for students and teachers, and the
assessment of mathematics performance, were described. The questionnaires used in the present
research were developed across a number of different stages to validate them before the final
versions were used to collect the main data. This chapter also addressed issues of statistical
procedures applied to the present research for data analysis. The next chapter will present the

results of the main data analysis.
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CHAPTER 5 RESULTS

This chapter presents the analysis of the data and results of the present research and is divided
into two main sections. The first section reports the analysis of the student data. It presents the
validation of the MBQ-S; the characteristics of Vietnamese students’ mathematics-related beliefs;
the investigation of the relationship between students’ mathematics-related beliefs and their
mathematics performance; the investigation of gender differences; and differences between low
and high mathematics performers. The second section reports on the results of the analysis of the
teacher data. It presents the validation of the MBQ-T, the characteristics of the Viethamese
mathematics teachers’ beliefs and the relationships between teachers’ mathematics-related

beliefs and students’ mathematics performance.

5.1 Analysis of Student Data

5.1.1 Preliminary data analysis
The data, once entered into SPSS, was analysed first to assess the outliers and to test the

normality of the data.

5.1.1.1 Outliers

Outliers are defined as “an observation that is substantially different from the other observations
on one or more characteristics” (Hair et al., 2019, p. 48). Outliers may have substantial effects on
the results of multivariate analysis (Fidell & Tabachnick, 2014; Hair et al., 2019). There are two
types of outliers, namely, univariate outliers and multivariate outliers. Univariate outliers refer to
cases with such an extreme value on one variable, and multivariate outliers refer to unusual

combinations of scores on two or more variables (Fidell & Tabachnick, 2014).

IBM SPSS Statistics 25.0 was used to identify the univariate and multivariate outliers. In the first
step, the boxplots were used to identify univariate outliers. The results showed that 57 out of 76
items in the student questionnaire had univariate outliers (a total of 133 students). All values of
outliers were valid values (from 1 to 4). There were 66 students who had outliers in two variables
and 34 students who had outliers in more than three variables. The Mahalanobis distance (D?) was
used to identify multivariate outliers. According to Fidell and Tabachnick (2014), the Mahalanobis
distance “is the distance of a case from the centroid of the remaining cases where the centroid is
the point created at the intersection of the means of all the variables” (p. 108). According to Hair

et al. (2019), the conservative level of significance of 0.001 can be used as the threshold value. In
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other words, all the cases having Mahalanobis D> measures with p-value < 0.001 would be
considered as influential multivariate outliers. In the present research, Mahalanobis D?> measures
and the p-values of these measures were calculated by using IBM SPSS Statistics 25.0. The results
showed that there were 36 students who had multivariate outliers. Eleven of these students had
both multivariate and univariate outliers in over two variables, so it was decided to remove these
11 students. The sample size at this stage became 609 students. Data from these 609 students

were used for the main data analysis.

5.1.1.2 Normality testing

Testing the presence of normality from a selected sample is an essential consideration in
multivariate analysis, because if the data is not normally distributed, then it may affect the results
of the analysis, although lack of normality may only have serious influence on results in small
samples (Hair et al., 2019). Hae-Young (2013) recommended that with a sample size of over 300,
the absolute value of skewness should be less than 2 and the absolute value of kurtosis should be
less than 3. Because the sample size of the present research was over 300, following this
recommendation, all items in the dataset for both samples were found to be normally distributed,
except item UoM6 under the construct of beliefs about the usefulness of mathematics (skewness
value is 2.881 and kurtosis value is 9.426). Exploring the item UoM®6, “Studying math is a waste of
time”, nearly the entire sample (97.2%) disagreed with this statement. This suggested that nearly
all Vietnamese students in the sample are valuing mathematics learning, and that they believe in
the usefulness of mathematics. Because there was no reason to ignore these facts, this item was
retained for the main analysis. The detailed skewness and kurtosis values of each item of the

guestionnaire are provided in Appendix F.

The next section presents the assessment of measurement models using the data from MBQ-S. It
is important to emphasise that, in order to investigate the influence of students’ mathematics-
related beliefs on students’ mathematics performance, the researcher first used only data from
student questionnaire and their mathematics performance. The main reason for this was to
examine these influences in separation to the teachers’ data to avoid unnecessary causes that may

affect the nature of these influences.
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5.1.2 Measurement models

Mplus version 8.4 (Muthén & Muthén, 1998-2017) was employed for the main data analysis. Due
to categorical variables of MBQ-S, the Weighted Least Squares Mean and Variance (WLSMV)

estimator was applied in Mplus.

As indicated in Chapter 4, CFA, rather than EFA, was used to explore the characteristics of each
construct. In the first stage, the CFA was conducted by placing items from all of the constructs
together into one measurement model. Table 5.1 provides the standardised factor loadings of the
items in different CFA models. The factor loading value of 0.40 was used as the minimum value of
acceptable loading coefficient. In other words, only items with factor loadings greater or equal to
0.4 were maintained, and they were considered as good observed variables of their corresponding

constructs.

In regard to goodness of fit indices, there are several types of fit indices that should be considered
in order to assess a model’s goodness-of-fit. First, because the x? was found to be too sensitive for
the sample size of 600 in the present research, the ratio of the x? statistic to its degree of freedom
(x%/df) was used, and the threshold level for x?/df was 2.5 (Hair et al., 2019). Based on Schreiber

et al.’s (2006) recommendations, the researcher used four different types of fit indices: Root Mean
Square Error of Approximation (RMSEA), Comparative Fit Index (CFl), Tucker-Lewis Index (TLI), and
Standardized Root Mean Square Residual (SRMR). Because the sample size of the present research
was over 250 and the number of observed variables were over 30, Hair et al.’s (2019) suggestions

that CFl and TLI should be over 0.90, RMSEA should be less than 0.7, and SRMR should be less than

0.8 were observed.

5.1.2.1 Assessing the measurement model

There were nine intended constructs of students’ mathematics-related beliefs as follows: (1)
beliefs that mathematics knowledge is malleable (CMK_P); (2) beliefs that mathematics knowledge
is certain (CMK_N); (3) beliefs that mathematics is useful (UoM); (4) beliefs that mathematical
problem-solving is about understanding procedures (MPS_P); (5) beliefs that mathematical
problem-solving is about memorising procedures and formulas (MPS_N); (6) beliefs about the
importance of effort (BaE); (7) beliefs that mathematics ability can be changed (MA); (8) students’

self-efficacy beliefs (SelfE); and, (9) students’ perceptions of teachers’ practices (Per).
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According to Hair et al. (2019), it is necessary to place all the constructs within a single
measurement model rather than conducting separate analyses for each construct. He argued that
it is easier to meet the requirement of fit indices if researchers assess separate constructs rather
than the entire model. Additionally, the assessment of the entire model helps to identify potential
problems across the model, such as cross-loadings, because the items between different
constructs may have high correlations to each other which can be avoided by putting all constructs
together in a single, whole measurement model (Hair et al., 2019). Therefore, the present
research conducted a CFA analysis for all nine belief constructs of the MBQ-S to assess the

measurement model.

The constructs beliefs about the certainty of mathematics knowledge and beliefs about
mathematical problem-solving were each divided into two sub-constructs (positive and negative
predictors), and the original responses of participants were kept without reversing. All other
constructs were considered as single constructs and, therefore, the responses to the items
representing beliefs that were assumed to be negative predictors of mathematics performance

were reversed before conducting the analysis.

Several measurement models were run using the Mplus version 8.4 software. Table 5.1 provides
the standardised factor loadings of the items in the main three CFA models. The fit indices of the
first model (see table 5.1 Model 1), were not very good [x? = 4597.976; df = 2591; x?/df = 1.775;
RMSEA =0.036; CFl =0.817: TLI = 0.809; SRMR = 0.068]. There were 23 out of 74 items with factor
loadings under 0.4, and six of these factor loadings were not significant. All items with non-
significant factor loadings were removed one by one from the model to form the next models. In
the subsequent models, due to deletion of item CMKS, the construct of beliefs that mathematics
knowledge is malleable (CMK_P) was reduced to only two items. According to Hair (2019), this is
acceptable with the model consisting of many constructs and a sample size of over 500. Within the
model, after removing these six items, the fit indices were improved even though they still did not
meet the requirement for good fit [x? = 4054.138; df = 2174; x?/df = 1.865; RMSEA = 0.038; CFl =
0.831: TLI = 0.822; SRMR = 0.068]. At this stage, all items in the measurement model had

significant factor loadings.
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Table 5.1. Results of the Confirmatory Factor Analysis of the MBQ-S (N = 609)

Mplus 8.4
Total
Item Factor loadings
Construct Item Item
Name
No. Model 1* Model 2* Model 3*
I. Beliefs About the Certainty of Mathematics Knowledge (CMK)
1 CMK1 Most of what is true in math is already known 0.533 0.541 0.532
2 CMK2 Math is really just knowing the right formula for the problem 0.444 0.463 0.466
CMK_N 3 CMK5 In math, the answers are always either right or wrong -0.074
4 CMK6 There is no place for students to be creativity in math class 0.759 0.746 0.753
5 CMK7 Math problem has always only one true answer 0.076
| prefer a math teacher who shows students lots of different ways to look at the
6 CMK3 0.421
same problem
CMK_P 7 CMK4 Mathematical theories are the product of creativity 0.284
Answers to questions in math change as mathematicians gather more
8 CMKS8 . ) 0.049
information
Il. Beliefs About Usefulness of Mathematics (UoM)
9 UoM1 | study math because | know how useful it is 0.501 0.495 0.514
10 UoM2 Knowing math will help me earn a living 0.24
11 UoM3 Math is a worthwhile and necessary subject 0.647 0.639 0.65
12 UoM4 Math will not be important to me in my life’s work 0.556 0.557 0.543
13 UoM5 Math is of no relevance to my life 0.558 0.555 0.547
14 UoM6 Studying math is a waste of time 0.625 0.645 0.652
Understanding math is important for mathematicians, economists, and
15 UoM7 o 0.486 0.501 0.482
scientists but not for most people
16 UoM8 The only reason | would take a math class is because it is a requirement 0.581 0.592 0.581
It is important to see the connections between the math | learn in class and real-
17 UoM9 L 0.624 0.607 0.621
world applications
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Math provides the foundation for most of the principles used in science and

18 UoM10 ) 0.295
business

19 UoM11 | Math helps us better understand the world we live in 0.335

I1l. Beliefs About Mathematical Problem-solving (MPS)

There are math problems that just can’t be solved by following a predetermined

20 MPS1 0.025
sequence of steps

21 MPS2 Math problems can be solved without remembering formulas

22 MPS3 Memorising steps is not that useful for learning to solve math problems
Time used to investigate why a solution to a math problem works is time well

MPS_P 23 MPS5 0.534 0.47 0.472

spent
A student who doesn’t understand why an answer to a math problem is correct

24 MPS6 0.177
hasn’t really solved the problem
In addition to getting a right answer in math, it is important to understand why

25 MPS7 ) 0.676 0.621 0.618
the answer is correct
Learning to do math problems is mostly a matter of memorising the right steps

26 MPS4 0.408 0.416 0.412
to follow
It’s not important to understand why a mathematical procedure works as long

27 MPS8 o 0.65 0.643 0.637

MPS N as it gives a correct answer
- Getting a right answer in math is more important than understanding why the

28 MPS9 0.47 0.471 0.479
answer works
It doesn’t really matter that you understand a math problem as long as you can

29 MPS10 . 0.702 0.703 0.706
get the right answer

IV. Beliefs About the Importance of Effort (BaE)

30 BaE1l Math problems that take a long time don’t bother me 0.386

31 BaE2 | feel | can do math problems that take a long time to complete 0.269

32 BaE3 | find | can do hard math problems if | just keep trying 0.45 0.431 0.439

33 BaE4 If | can’t do a math problem in a few minutes, | probably can’t do it at all 0.534 0.528

34 BaE5 If I can’t solve a math problem quickly, | quit trying 0.43 0.427
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35 BaE6 I’'m not very good at solving math problems that take a long time to figure out -0.046
36 BaE7 By trying hard, one can become smarter in math 0.5 0.5 0.546
37 BaE8 Studying hard can improve one’s ability in math 0.45 0.448 0.514
38 BaE9 | can get smarter in math by trying hard 0.544 0.552 0.62
39 BaE10 Ability in math increases when one knows the right strategies 0.533 0.531 0.606
40 BaE1l1l Appropriate study skills can increase one’s ability to do math 0.564 0.562 0.618
41 BaE12 | can get smarter in math if | know how to solve math problems 0.454 0.454 0.532
V. Beliefs About Math Ability (MA)
5 - When I'm having trouble in math class, better study habits can make a big i e G
difference
43 MA2 I’'m confident | could learn math if | had better study strategies 0.579 0.583 0.63
44 MA3 When | don’t understand something, | keep asking questions 0.496 0.482 0.506
45 MA4 Learning good study skills can improve my math ability 0.491 0.493 0.534
Math is like a foreign language to me and even if | work hard I'll never really
46 MA5S . 0.584 0.581
understand it
47 MAG6 | knew at an early age what my math ability was 0.141
48 MA7 It is frustrating when | have to work hard to understand a problem 0.547 0.53
| can learn new things in math, but | can’t really change the math ability | was
49 MAS _ 0.198
born with
50 MA9 I’m just not a math student 0.511 0.502 0.493
VI. Students’ Self-Efficacy Beliefs (SelfE)
51 SelfE1 | feel confident enough to ask questions in my mathematics class 0.502 0.578 0.567
52 SelfE2 | am certain that | can do well in my math tests 0.369 0.458 0.467
53 SelfE3 | can complete all of the assignments in my mathematics course 0.271
54 SelfE4 | will be able to use mathematics in my future career when needed 0.562
55 SelfE5 | feel that | will be able to do well in future mathematics courses 0.542 0.68 0.677
56 SelfE6 | feel confident when using mathematics outside of school 0.426 0.509 0.518
57 SelfE7 | am afraid to give an incorrect answer during my mathematics class 0.346
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58 SelfE8 | worry that | will not be able to get a good grade in my mathematics course 0.055
59 SelfE9 | feel stressed when listening to mathematics teachers in class 0.557
VII. Students' Perception of Teachers' Practices (Per)
60 Perl My math teacher is friendly to us 0.554 0.572 0.567
61 Per2 My math teacher listens carefully when we ask questions or say something 0.654 0.664 0.661
62 Per3 My math teacher understands the problems and difficulties we experience 0.556 0.555 0.548
63 Perd My math teacher tries to make math lessons interesting 0.623 0.622 0.619
64 Per5 My math teacher does not really care how we feel in class 0.546 0.559
My math teacher appreciates it when we have tried hard, even if our results are
65 Per6 0.247
not so good
66 Per7 My math teacher really wants us to enjoy learning new things 0.597 0.603 0.614
67 Per8 My math teacher thinks mistakes are bad 0.148
My math teacher thinks mistakes are okay as long as we are learning something
68 Per9 0.313
from them
My math teacher first shows step by step how to solve a specific mathematical
69 Per10 . o ) 0.456 0.468 0.484
problem, before giving us similar exercises
70 Perll My math teacher explains why math is important 0.539 0.547 0.544
My math teacher gives us time to really explore new problems and try out
71 Per12 . . 0.582 0.589 0.596
possible solution procedure
My math teacher wants us to understand the content of this math course, not
72 Perl3 ) o 0.328
just memorise it
73 Perl4 My math teacher lets us do a lot of group work in this math class 0.394
74 Perl5 My math teacher shows us different strategies to solve problems 0.507 0.509 0.512
My math teacher teaches us strategies to remember important math
75 Perl6 0.587 0.592 0.596
procedures
76 Perl7 My math teacher teaches us strategies to evaluate our problem solutions 0.456 0.45 0.474
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Considering the potential interrelations among observed variables within and between constructs,
serious consideration was given to the items that should be removed from the original model. The
decision of removing an item was based on many considerations, such as the size of factor
loadings, the meaning of each item, the number of items within each construct, and the
modification indices. This step started with looking at the items that had the smallest factor
loading. Within each model, only one item was removed, and the whole process was repeated for
the next model. The main purpose of this process was to obtain the best measurement model for
the present research. As a result, several models were assessed until all items in the model had

factor loadings equal to, or higher than, 0.4.

The first result of the whole measurement model satisfying these criteria consisted of 49 items. All
information about the factor loadings of this model are provided in the sixth column (Model 2) in
Table 5.1. At this point, the construct of beliefs that mathematics knowledge is malleable (CMK_P)
was removed from the model because two items in this construct had factor loadings lower than
0.4. The fit indices for this measurement model were [x? = 2266.541; df = 1099; x2/df = 2.062;
RMSEA =0.042; CFl =0.877: TLI = 0.868; SRMR = 0.064]. According to the requirements of cut-off
score for the fit indices, the results showed that three fit indices (x*/df= 2.062, RMSR=.064;
RMSEA=.042) were acceptable, but two other fit indices (CFl =.877; TLI=.868) were not. The low
CFl and TLI suggested that some items within some constructs were not appropriate, and that the

model needed additional re-specification.

5.1.2.2 Measurement model re-specification

Different methods have been proposed to increase fit indices when assessing measurement
model. However, Hair et al. (2019) identified three common types of poor practices that
researchers have used to increase fit indices. The first type is to reduce the number of items within
each construct. Their wariness about this method was that many researchers have reduced the
number of items to two or even one item within constructs, as it “likely diminishes the construct’s
theoretical domain and ultimately its validity” (Hair et al., 2019, p. 641). The second type, as
mentioned earlier, is to only assess the fit of the measurement model through single constructs
separately rather than doing so with the entire measurement model. The third type is to reduce

the sample size which is considered unacceptable practice (Hair et al., 2019).

Because of these problems, the researcher chose to reduce the number of items based on the use

the modification indices (MI) with careful consideration of the number of items within each
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construct. This is one of the effective solutions to improve model fit (Hair et al., 2019). One of the
main functions of Ml is to identify parameter constraints that are poorly selected. Therefore,
under the process for M, all fixed parameters are assessed to identify if there are parameters, if
freely estimated, would lead to significant decreases in the x? statistic. Some researchers
suggested that items that reveal a very high covariance with other items, and/or demonstrate high
regression weights with other constructs, should be removed from the model (Byrne, 2012; Hair et
al., 2019). The results from Mplus software provided information on Ml and the researcher used
this information to improve the model fits for the measurement model. Within this stage, the Mls
were assessed carefully by removing items one by one. The Ml information for the items removed

is shown in Table 5.2.

Table 5.2. High modification indices between variables in the measurement model

No Removed Item Path Modification Indices

1 BaE4 CMK_N BY BaE4 79.680
2 BaE5 CMK_N BY BaE5 84.591
3 MA7 UoM BY MA7 45.441
4 MAS5 CMK_N BY MA5 45.084
5 Per5 Per5 WITH UoM 29.048

As shown in Table 5.2, in using Ml to assess the initial measurement model, the Ml showed that
item BaE4 had very high covariance with different items and high regression weights with some
other constructs. The highest value of Ml was found on ON/BY Statements in Mplus between item
BaE4 (belonged to beliefs about the importance of effort) and the construct CMK_N with the value
of 79.680. This suggested that if BaE4 is considered as an item within the construct CMK_N (i.e.,
cross-loading or secondary factor loading), x?value would decrease by approximately 79.680.
Since item BaE4 was designed to measure beliefs about the importance of effort and it could not
be considered as an item within the construct CMK_N, the researcher decided to remove this item
from the model. In regard to the subsequent model after removing this item, the fit indices were
improved even though they still did not meet the requirement for good fits [x? = 2095.771; df =
1052; x2/df = 1.992; RMSEA = 0.040; CFl = 0.887: TLI = 0.878; SRMR = 0.062]. This process of using
MI was repeated and four other items (as shown in Table 5.2) were also removed from the model.
During this process, before removing any item, the researcher again based this decision not only

on the results of Mis, but on also the meaning of the items and the number of existing items
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within each construct. For example, the results of Mls showed quite high covariance between the
item CMK®6 of beliefs that mathematics knowledge is certain (CMK_N) with some other items and
high regression weight with some other constructs. However, the researcher decided to keep this
item because there were only three items within this construct. Instead of removing item CMK®6,
the researcher chose to remove item Per5 in the construct of students’ perceptions of teachers’
practices for three reasons: (1) there were other items within this construct that might convey the
meaning of this item (i.e., “My math teacher does not really care how we feel in class”); (2) Mls
showed this construct had high covariance with many other items; and, (3) there were many items
(12 of 17 items) represented for this construct. At the end of this process, the best measurement
model that the researcher could obtain had 44 items (with factor loadings above 0.4 and being
significant) belonging to eight constructs, and all type of fit indices met the requirements to run
the SEM model [x? = 1614.670; df = 874; x*/df = 1.847; RMSEA = 0.037; CFl = 0.909: TLI = 0.902;
SRMR = 0.058]. The seventh column (Model 3) in Table 5.1 showed the final estimates for the

factor loadings of items within each construct in the final measurement model.

5.1.2.3 Reliability
Construct reliability (CR) is normally used with SEM analysis and it is also used to assess construct
validity (Hair et al., 2019). The equation to calculate CR is as below, where 4; is factor loading and

e; is error variances.

__ GLa
(Z?=1'1i)2 + (Qi=1€:)

CR

CR was calculated based on the results of factor loadings within each construct and using the

above equation. Table 5.3 shows the CR of each construct.

Table 5.3. Construct reliability of each students’ belief construct

No Construct CR
1 Beliefs that mathematics knowledge is certain and unchanging (CMK_N) 0.62
Beliefs that mathematics is useful (UoM) 0.8
Beliefs that mathematical problem-solving is about understanding
3 0.48
procedures (MPS_P)
Beliefs that mathematical problem-solving is about memorising procedures
4 0.65
(MPS_N)
5 Beliefs that effort is important (BaE) 0.76
6 Beliefs that mathematics ability can be changed (MA) 0.63
7 Students’ self-efficacy beliefs (SelfE) 0.64
8 Students’ perception of teachers’ practices (Per) 0.85
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Hair et al. (2019) suggested that CR should be greater than 0.60 to show good reliability. The table
above shows that seven out of eight constructs had CR over 0.60. This suggested that these seven
constructs were reliable. The construct of beliefs that mathematical problem-solving is about
understanding procedures (MPS_P) had CR of 0.48. The reason for this low value was because
there were only two observed variables for this construct in the final measurement model.
Therefore, this value for the construct MPS_P might be acceptable. Additionally, constructs with
fewer than three observed variables are acceptable if it is included in a model with many
constructs and the sample size is over 500 (Hair et al., 2019). Therefore, it was decided to keep

this construct in the final SEM model.

The final measurement model consisted of eight belief constructs: (1) beliefs that mathematics
knowledge is certain (CMK_N); (2) beliefs that mathematics is useful (UoM); (3) beliefs that
mathematical problem-solving is about understanding procedures (MPS_P); (4) beliefs that
mathematical problem-solving is about memorising procedures and formulas (MPS_N); (5) beliefs
about the importance of effort (BaE); (6) beliefs that mathematics ability can be changed (MA); (7)
students’ self-efficacy beliefs (SelfE); and, (8) students’ perceptions of teachers’ practices (Per). In
the final model, 44 out of 76 items belonging to eight constructs were retained and all fit indices
met the requirements [x? = 1614.670; df = 874; x?/df = 1.847; RMSEA = 0.037; CFl = 0.909: TLI =
0.902; SRMR = 0.058]. Before reporting the results of the structural model, the next section

presents the characteristics of the Vietnamese students’ mathematics-related beliefs.

5.1.3 The profiles of the Viethamese students’ mathematics-related beliefs

As discussed in a previous chapter, within each belief construct, there were some items
representing beliefs that were assumed to be negative predictors of mathematics performance
and others representing beliefs that were assumed to be negative predictors. Based on the
descriptive statistics of students’ data for these items, this section presents the percent and mean

agreement for each item. It also presents differences in data between female and male students.

Table 5.4 provides the percentage of agreement, mean of agreement and the standard deviation
(SD) for each item associated with each construct of the primary research in the final
measurement model. For example, the first item under beliefs that mathematics knowledge is
certain, “CMK1. Most of what is true in math is already known”, had a mean of 2.22 (out of 4).
31.20% of students agreed with this statement indicating that, on average, the students showed

quite low levels of agreement with beliefs that mathematics knowledge is certain on this item.
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Additionally, in Table 5.4, within each belief construct, the mean for each group of items that
represented beliefs that were assumed to be positive predictors of mathematics performance, as
well as the mean for each group of items that represented to beliefs that were assumed to be
negative predictors, were calculated to provide more information about what Vietnamese
students believed with respect to each belief construct. In this section, based on the above
descriptive statistics, the characteristics of students’ beliefs within each construct will be

presented.

5.1.3.1 Beliefs about the certainty of mathematics knowledge (CMK)

As mentioned earlier, the final measurement model had only the sub-construct of beliefs that
mathematics knowledge is certain in the model. Agreement with this sub-construct was low,
however, there were between twenty and thirty per cent of the Vietnamese students who
expressed agreement with beliefs that mathematics knowledge is certain and unchangeable.
Mean agreement with this sub-construct was 1.95. It was expected that this sub-construct would

be a negative predictor of mathematics performance.

5.1.3.2 Beliefs about the usefulness of math (UoM)

There was overwhelming agreement amongst the Vietnamese students that mathematics is
useful. This construct had eight items representing students’ beliefs that mathematics is useful
and mean agreement with this construct was 3.43. Specifically, 92.3% of students agreed that they
learn mathematics because mathematics is useful (item UoM1), 95.4% of students agreed that
mathematics is a worthwhile and necessary subject (item UoM3), and 89.1% of students agreed
that it is important to see the relationship between school mathematics and real-world
applications (item UoM?9). It was expected that this belief construct would be a positive predictor

of mathematics performance.
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Table 5.4. Percent and mean agreement of students with items representing belief constructs

Total Percentage
item Citoen:]trNu:t Statement of Mean SD
No. ) agreement
1. Beliefs that mathematics is certain and unchangeable 1.95
1 CMK1 Most of what is true in math is already known (-) 31.20% 2.22 | 0.788
2 CMK2 Math is really just knowing the right formula for the problem (-) 23.30% 201 | 0.74
3 CMK6 There is no place for students to be creativity in math class (-) 11.50% 1.62 | 0.775
2.1. Beliefs that mathematics is useful 3.43
4 UoM1 | study math because | know how useful it is (+) 92.30% 3.41 | 0.656
5 UoM3 Math is a worthwhile and necessary subject (+) 95.40% 3.58 | 0.623
6 UoM9 It is important to see the connections between math | learn and real-world applications (+) 89.10% 3.31 | 0.725
2.2. Beliefs that mathematics is not useful 1.64
7 UoM4 Math will not be important to me in my life’s work (-) 17.70% 1.77 | 0.89
8 UoM5 Math is of no relevance to my life (-) 13.90% 1.57 | 0.856
9 UoM6 Studying math is a waste of time (-) 2.80% 1.20 | 0.50
10 UoM?7 ir;i:r;;zr;?emf)math is important for mathematicians, economists, and scientists but not for 16.40% 175 | 0.835
11 UoM8 The only reason | would take a math class is because it is a requirement (-) 23.40% 1.9 | 0.878
3.1. Beliefs that mathematical problem-solving is about understanding procedures 3.43
12 MPS5 Time used to investigate why a solution to a math problem works is time well spent (+) 90.60% 3.22 | 0.679
13 MPS7 ::::::::2?:)0 getting a right answer in math, it is important to understand why the answer 94.90% 363 | 0.608
3.2. Beliefs that mathematical problem-solving is about memorising procedures 1.99
14 MPS4 Learning to do math problems is mostly a matter of memorising the right steps to follow (-) 45% 2.36 | 0.885
15 MPS8 Ic'cosrrr:aoc'fc ;n;z\f)v:f(n_t) to understand why a mathematical procedure works as long as it gives a 229% 201 | 0.765
MPS_N 16 MPS9 Getting right answers in math is more important than understanding why answers works (-) 31.70% 2.1 0.835
17 MPS10 gcntiale:rn(’:c)really matter that you understand a math problem as long as you can get the right 8.60% 15 | 0.689
4. Beliefs that effort is important 3.31
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18 BaE3 | find | can do hard math problems if | just keep trying (+) 89.30% 3.22 | 0.646
19 BaE7 By trying hard, one can become smarter in math (+) 87.60% 3.28 | 0.723
20 BaES8 Studying hard can improve one’s ability in math (+) 88.20% 3.22 | 0.678
21 BaE9 | can get smarter in math by trying hard (+) 94.60% 3.53 | 0.631
22 BaE10 Ability in math increases when one knows the right strategies (+) 92.80% 3.35 | 0.638
23 BaE11l Appropriate study skills can increase one’s ability to do math (+) 91% 3.31 | 0.651
24 BaE12 | can get smarter in math if | know how to solve math problems (+) 89.50% 3.26 | 0.689
5.1. Beliefs that mathematics ability can be changed 3.34
25 MA1 When I'm having trouble in math class, better study habits can make a big difference (+) 90.30% 3.25 | 0.656
26 MA2 I’'m confident | could learn math if | had better study strategies (+) 95.70% 3.48 | 0.601
27 MA3 When | don’t understand something, | keep asking questions (+) 90.30% 3.3 ] 0.657
28 MA4 Learning good study skills can improve my math ability (+) 91.80% 3.33 | 0.666
5.2. Beliefs that mathematics ability is innate 1.60
29 MA9 I’'m just not a math student (-) 9.30% 1.6 | 0.706
6. High self-efficacy beliefs 2.82
30 SelfE1l | feel confident enough to ask questions in my mathematics class (+) 75.30% 2.94 | 0.765
31 SelfE2 | am certain that | can do well in my math tests (+) 47.50% 2.47 | 0.718
32 SelfE5 | feel that | will be able to do well in future mathematics courses (+) 77.80% 2.91 | 0.695
33 SelfE6 | feel confident when using mathematics outside of school (+) 76.20% 2.94 | 0.767
7. Positive perceptions of teachers' practices 3.36
34 Perl My math teacher is friendly to us (+) 93.90% 3.46 0.7
35 Per2 My math teacher listens carefully when we ask questions or say something (+) 93.20% 3.52 | 0.652
36 Per3 My math teacher understands the problems and difficulties we experience (+) 86.80% 3.21 ] 0.721
37 Perd My math teacher tries to make math lessons interesting (+) 90.40% 3.33 | 0.708
38 Per7 My math teacher really wants us to enjoy learning new things (+) 93.70% 3.41 | 0.653
My math teacher first shows step by step how to solve a specific mathematical problem,
39 Perl0 be»;ore giving us similar exercisesp(+;l i P P 94.40% 3.45 10621
40 Perll My math teacher explains why math is important (+) 84.60% 3.21 | 0.771
41 Per12 My math teacher gives us time to explore new problems and try out possible solution (+) 93% 3.42 | 0.682
42 Perl5 My math teacher shows us different strategies to solve problems (+) 87% 3.21 | 0.723
43 Perl6 My math teacher teaches us strategies to remember important math procedures (+) 96.50% 3.57 | 0.59
44 Perl7 My math teacher teaches us strategies to evaluate our problem solutions (+) 87.50% 3.12 | 0.647
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5.1.3.3 Beliefs about mathematical problem-solving (MPS)

This construct consisted of two different sub-constructs. The first sub-construct included items
stating that mathematical problem-solving is about understanding procedures, and it was
expected this sub-construct would be a positive predictor of mathematics performance. The
second sub-construct included the items stating mathematical problem-solving is about
memorising procedures and formulas, and it was expected this sub-construct would be a negative
predictor of mathematics performance. In the final measurement model, the first sub-construct
had two items and the second construct had four items. Most of the Vietnamese students agreed
with items expressing beliefs that mathematical problem-solving is about understanding
procedures. Mean agreement with items representing beliefs that mathematical problem-solving
is about understanding procedures was 3.43, whereas mean agreement with items representing
beliefs that mathematical problem-solving is about memorising procedures was 1.99. However,
there was some inconsistency in students’ beliefs. For example, while 94.9% of students agreed
that it is important to understand why the answers are correct rather than just getting the right
answers (item MPS7), there were also 31.7% of students who agreed that finding correct answers

is more important (item MPS9).

5.1.3.4 Beliefs about the importance of effort (BaE)

The results showed that the Vietnamese students valued the importance of effort in improving
mathematics learning. The mean of all items representing beliefs that effort is important was 3.31.
For example, most students agreed that, by trying hard, they can be smarter in mathematics
(items BaE7, BaE9). There were eight out of twelve items in the final measurement model
representing students’ beliefs that effort is important to improve their mathematics learning, and

it was expected this construct would be a positive predictor of mathematics performance.

5.1.3.5 Beliefs about mathematics ability (MA)

As shown in Table 5.4, most of the students in the sample believed that their mathematics ability
could be improved if they had better study habits and strategies (over 90% of students agreed on
items MA1, MA2, MA3, MA4). The mean of all items representing beliefs that mathematics ability
can be improved was 3.34, and the mean of all items representing beliefs that mathematics ability
is innate was 1.60. In the final measurement model, there were five out of nine items representing
students’ beliefs that ability can be changed by the learning process, and it was expected this

construct would be a positive predictor of mathematics performance.
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5.1.3.6 Self-efficacy beliefs (SelfE)

Generally, the empirical data showed that the Vietnamese students had high levels of self-efficacy
beliefs. For instance, 77.8% of students agreed that they will be able to do well in future
mathematics courses (item SelfE5), and 75.3% of students felt confident to ask questions in their
mathematics classes (item SelfE1). The mean of all items representing high self-efficacy beliefs was
2.82. The final measurement model included four out of nine items within this construct to
represent students’ high self-efficacy, and it was expected this construct would be a positive

predictor of mathematics performance.

5.1.3.7 Students' perceptions of teachers' practices (Per)

The Vietnamese students in the sample had positive perceptions about their teachers’ practices.
The mean of all items representing positive perceptions of teachers’ practices was 3.36.
Specifically, 93.9% of students agreed that their teachers are friendly, 93.7% of students agreed
that their teachers want them to enjoy learning new things, and 96.5% of students agreed that
their teachers teach them strategies to remember important mathematics procedures. In the final
measurement model, there were 11 out of 17 items in this construct representing students’
positive perceptions of their teachers’ practices. It was expected that this construct would be a

positive predictor of mathematics performance.

5.1.3.8 Gender differences in students’ mathematics performance and beliefs

In order to test gender differences, independent samples t-tests were performed for gender based
on the scores of each type of mathematics performance as well as the means of each belief
construct/sub-construct obtained from the measurement model. This section presents the results

of these tests. Table 5.5 presents the results of the independent samples t-tests for gender.

Female students tended to believe that mathematics knowledge is useful more than male
students. They also tended to have a more favourable perception of their mathematics teacher
than male students. Additionally, male students tended to believe more strongly that
mathematical problem-solving is about memorising procedures than female students. However,
the results showed that there is only slightly different in these beliefs and perception between
female and male students. Female Vietnamese students tended to perform better in the district
mathematics test, but worse in PISA-based test, than their male counterparts. No differences were

found in other belief constructs or in curriculum-based tests.
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Table 5.5. Gender differences in mathematics performance and mathematics-related beliefs

Female (N =285) | Male (N =324)
No. Construct t p
m SD m SD
1 Bellefs that mathematics knowledge is 1.90 055 | 198 055 | -183 07
certain
2 | Beliefs that mathematics is useful 3.45 0.39| 3.36 0.44 2.32 .02%*
3 Positive perception of mathematics 3.41 038 | 332 0.37 2 62 01*
teacher
g | Beliefs that mathematical problem 3.46 048 | 339| 052| 1.69 09
solving is about understanding procedures
5 | Beliefs that mathematical problem 1.93 052| 2.03| 052 -229| .02%
solving is about memorising procedures
6 Beliefs that mathematics ability can be 334 038 | 336 042 | -0.83 a1
changed
7 | Beliefs that effort is important 3.29 0.39| 3.33 0.39 | -1.09 .28
8 | Self-efficacy beliefs 2.78 048 | 2.84 049 | -1.61 A1
9 | District mathematics exam 6.68 144 | 6.29 1.33 3.44 .00*
10 | Curriculum-based test 3.06 1.12 | 3.13 1.10 | -0.78 43
11 | PISA-based test 2.09 1.50 2.35 1.51 -2.05 .04*

Note: * significant

5.1.4 Assessment of mathematics performance

Students’ mathematics performance was assessed based on three different tests: the district
mathematics exam, the Viethamese mathematics curriculum-based test, and the PISA-based test.

This section presents the results of these assessments.

5.1.4.1 Students’ performance in the district mathematics exam

This exam was designed by the Bureau of Education and Training from each district to assess all
ninth grade students’” mathematics learning within each district at the end of each semester. The
exam covered all important aspects of mathematics in the mathematics curriculum that students
were instructed in during the first semester. The range of these scores was from zero (0) to ten

(10). Figure 5.1 shows the distribution of students’ scores in this exam.

This variable was treated as a continuous variable because it contained all possible numbers from
zero (0) to ten (10). On average, students attained high scores on the exam (mean = 6.47). The
analysis from boxplots and the normality showed that this variable had no outliers and a normal

distribution (value of skewness was 0.169 and value of kurtosis was -0.700).
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Mean = 6.47
Stel. Dev. =1.40
N = 609

Frequency

4,00 6.00 5.00 10.00

Figure 5.1: Distribution of the students’ scores in the district exam
5.1.4.2 Students’ performance in the curriculum-based test

400

300

Frequency

100

0 1 2 3 4
Test1

Figure 5.2: Distribution of the students’ scores in the curriculum-based test

The curriculum-based performance test assessed students’ ability to solve problems similar to
those within the current mathematics curriculum at schools. The range of scores was zero (0) to
four (4). This variable was treated as a categorical variable. There were four multiple-choice items.
A correct answer was marked as one and an incorrect answer as zero. It can be seen that half of
the students in the sample answered all four items correctly. Only 2.5% of students answered all

four items incorrectly. Table 5.6 and Figure 5.2 show these results.
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Table 5.6. Descriptive statistics for the curriculum-based and PISA-based mathematics performance test

Score Curriculum-based test PISA-based test
Frequency Percent Frequency Percent

0 15 2.5 63 10.3
1 54 8.9 145 23.8
2 94 15.4 186 30.5
3 142 23.3 107 17.6
4 304 49.9 43 7.1
5 43 7.1
6 22 3.6

Total 609 100 609 100

5.1.4.3 Students’ performance in the PISA-based test

200

150

Frequency

a0

0 1 2 3 4 5 5
Test2

Figure 5.3: Distribution of the students’ scores in the PISA-based test

This assessment of students’ mathematics performance measured their ability to solve real-world
problems based on problems from the PISA test. The range of scores was zero (0) to six (6) for 4
items. As shown in Table 5.6 and Figure 5.3, only 3.6% of students all items correctly to achieve a
score of six, 7.1% of students got a score of five, and 10.3% of students scored zero. These results

revealed that this part of the test proved difficult for the students.

Table 5.7 shows the detailed answers of the students for each item in the PISA-based mathematics
performance test. Exploring the results in detail indicates that most students only did well on
items 5 and 7 because these items were quite easy. For item 6, only 12.8% of students answered
the problem comprehensively and correctly, whereas 52.4% students answered with an incorrect
solution. For item 8, only 10.5% of students got the right answer and 82.6% of students got a
completely wrong answer.
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Table 5.7. Descriptive statistics for items in the PISA-based mathematics performance test

Score
Item
0 1 2
Item 5: Filling the blank 234 (38.4%) | 375 (61.6%)

Item 6: Solving a simple quadratic equation 319 (52.4%) 212 (34.8%) | 78 (12.8%)
Iltem 7: Applying trigonometric ratios in

. ) 165 (27.1%) | 444 (72.9%)
right-angled triangle

Item 8: solving problem with multi-steps 503 (82.6%) 42 (6.9%) | 64 (10.5%)

5.1.4.4 Correlations among the three mathematics performance tests

There were significant correlations in students’ performance in the three different tests as shown

in Table 5.8.

Table 5.8. Correlations in students’ performance in the three mathematics tests

Score Curriculum-based test PISA-based test
Score 1
Curriculum-based test 4257 1
PISA-based test 479" 475" 1

**¥% n < 01

It can be seen from the table above that all correlations were significant. The correlation between
Score and Curriculum-based test was lowest and the correlation between Score and PISA-based

test was highest.

5.1.4.5 Differences in mathematics-related beliefs between low and high performing students
One of the questions of the present research was to assess whether the beliefs of students who
did well in the PISA-based test were in any way different from those who did not do well in this
assessment. These students were of particular interest, because they demonstrated that they
were able to transfer their mathematical knowledge to unfamiliar situations. To assess this, the
sample of students was divided into two groups. The first group included students who received
high scores (from 5 to 6) in the PISA- based test (high performers). This group represented
students who could use their mathematics knowledge learnt in school to solve unfamiliar real-life

problems. The second group included students with scores lower than 5 (low performers).

Table 5.9 shows the results of the independent samples t-tests that compared the mathematics-

related beliefs for the groups of low and high performing students.
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Table 5.9. Differences in mathematics-related beliefs between the low and high performing students

Low performer High performer
No. Construct (N =544) (N =65) t p
M SD M SD

1 Bellefs that mathematics knowledge is 1.97 055 | 1.73 0.50 331 o1*
certain

2 | Beliefs that mathematics is useful 3.38 0.43 | 3.59 032 | -3.74 .00*

3 Positive perception of mathematics 335 038 | 3.44 032 | -1.84 07
teacher

g | Beliefs that mathematical problem 340| 051| 360| 036| -3.02| .00*
solving is about understanding procedures

5 | Beliefs that mathematical problem 202| 052 168| 048] 517| .00*
solving is about memorising procedures

6 Beliefs that mathematics ability can be 334 040 | 3.46 035 | -222 03*
changed

7 | Beliefs that effort is important 3.31 0.40 | 3.37 031 -1.31 .19

8 | Self-efficacy beliefs 2.80 0.49 | 2.95 043 | -241 .02%*

Note: * significant

The results showed that low performers tended to believe that mathematics is certain and that
mathematical problem-solving is about memorising procedures/rules more so than high
performers. High performers tended to believe that mathematics is useful, that mathematical
problem-solving is about understanding procedures, and that mathematics ability can be changed
more strongly than low performing students. High performers also had higher belief in their self-
efficacy. No differences were found in beliefs about the importance of effort and perceptions of

mathematics teachers.

5.1.5 Structural models to investigate the influence of students’ mathematics-related beliefs
on their mathematics performance

Structural equation modelling was employed to investigate the direct and indirect effects of all the
constructs validated in the measurement model on students’” mathematics performance. The
scores of the students in the three types of mathematics performance described earlier (district

exam, curriculum-based test, PISA-based test) were used as measures of students’ performance.

The hypothesised model predicted that students’ beliefs about the certainty of mathematics
knowledge, the usefulness of mathematics, mathematical problem-solving, the importance of
effort as well as students’ perceptions of teachers’ practices would be direct predictors of
students’ beliefs about the self as a mathematics learner (beliefs about their mathematics ability
and self-efficacy beliefs in mathematics). In turn, students’ beliefs about the self as a mathematics

learner were predicted to be direct predictors of students’ mathematics performance.
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The run of the proposed structural model revealed the following results of fit indices for the
sample [x? = 1920.564; df = 1008; x?/df = 1.905; RMSEA = 0.039; CFl = 0.891: TLI = 0.883; SRMR =
0.060], as shown in Figure 5.4.

Score
J3B7HE*
270%**
Testl
Test2

!
i

Notes:

CMEK_N-Math knowledge is certain; UoM-Math is useful; MPS_P-Problem solving is understanding
procedures; MPS_N-Problem solving is memorizing procedures; BaE-Effort is important; MA-Math
ability can be changed; SelfE-Self-efficacy; Per-Students’ perception; Score-Students’ score from
district exam; Test1l-curriculum-based test; Test2-PISA-based test.

*¥** n <0.01, dash arrow: non-significant (p > 0.1)

Figure 5.4: Results of the first structural model investigating the influence of mathematics-related beliefs
on students’ mathematics performance

Some of fit indices, such as x?/df, RMSEA, and SRMR, were good, while the CFl and TLI indices
were slightly lower than the cut-off values of 0.90. However, Hair et al. (2019) suggested that fit
indices tend to change based on sample size, the number of observed variables, and complexity of
the structural model. When researchers work with a large sample and a complex structural model,

lower fit indices in comparison with cut-off values are acceptable (Hair et al., 2019).

As was predicted, the model showed direct positive effects of beliefs that mathematics ability is
malleable on beliefs about self-efficacy as mathematics learners. Students’ self-efficacy beliefs
(SelfE) were direct positive predictors of students’ mathematics performance in all three

assessments. However, only beliefs that mathematics is certain and unchangeable (CMK_N) and
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beliefs about the importance of effort (BaE) predicted beliefs that mathematics ability can be
changed through the learning process (MA). More specifically, beliefs that mathematics is certain
and unchangeable predicted beliefs that mathematics ability can be changed through the learning
process negatively, while beliefs that effort is important predicted beliefs that mathematics ability

can be changed through the learning process positively.

In view of the above results, a modified model was developed to test a more complex pattern of
relationships among belief constructs and students’ mathematics performance. Based on prior
research showing that beliefs about the certainty of mathematics knowledge, the usefulness of
mathematics, and students’ perception of teacher practices may influence beliefs about
mathematics problem solving (McLeod, 1989a; Schommer-Aikins, 2004; Schommer-Aikins et al.,
2010), a second structural model was developed for testing. This model tested the direct effect of
students’ beliefs that mathematics is certain and unchangeable (CMK_N), that mathematics is
useful (UoM), and students’ positive perceptions of teachers’ practices (Per) on beliefs that
mathematical problem-solving is about understanding procedures (MPS_P), that mathematical
problem-solving is about memorising procedures (MPS_N), and beliefs that effort is important
(BaE). The model also tested the direct effect of these three beliefs (MPS_P, MPS_N, BaE) on
beliefs that mathematics ability can be changed during the learning process (MA). The same paths
among beliefs that mathematics ability can be changed during the learning process (MA), self-
efficacy beliefs (SelfE) and three types of mathematics performance (district exam, curriculum-

based test, PISA-based test) from the first model were also tested in the second model.

Model 2 showed good fit indices [x? = 1942.239; df = 1014; x?/df = 1.92; RMSEA = 0.039; CFI =
0.889: TLI = 0.882; SRMR = 0.061], as depicted in Figure 5.5. The following 14 out of 16 proposed

effects showed significance for the path coefficient estimations. Specifically:

(1) Beliefs that mathematics knowledge is certain and unchangeable (CMK_N) were direct positive
predictors of beliefs that mathematical problem-solving is about memorising formulas and

procedures.

(2) Beliefs that mathematics knowledge is certain (CMK_N) were direct positive predictors of

beliefs that effort is important to improve mathematics learning (BaE).
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(3) Beliefs that mathematics is useful (UoM) were direct positive predictors of beliefs that
mathematical problem-solving is about understanding procedures rather than memorisation.

(MPS_P).

(4) Beliefs that mathematics is useful (UoM) were direct positive predictors of beliefs about the

importance of effort (BaE).

(5) Students’ positive perception of teachers’ practices (Per) were direct positive predictors of

beliefs that mathematical problem-solving is about understanding procedures (MPS_P).

(6) Students’ positive perception of teachers’ practices (Per) were also positive predictors of

beliefs that mathematical problem-solving is about memorising procedures (MPS_N).

(7) Students’ positive perception of teachers’ practices (Per) were also positive predictors of

beliefs that effort is important to improve their mathematics learning (BaE).

(8) Beliefs that mathematical problem-solving is about understanding procedures (MPS_P) and
beliefs that effort is important to improve mathematics learning (BaE) were positive predictors of

beliefs that mathematics ability can be changed (MA).

(9) Beliefs that mathematical problem-solving is about memorising procedures (MPS_N) were

negative predictors of beliefs that mathematics ability can be changed (MA).

(10) Beliefs that mathematics ability can be changed during the learning process (MA) were

positive predictors of students’ self-efficacy beliefs (SelfE).

(11) Students’ self-efficacy beliefs (SelfE) positively predicted the three types of mathematics

performance (District exam, curriculum-based test, PISA-based test).
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0.648***

0.373%** 0.298%** Score
0.91%*x 0.38672
-0.208%** 0.792%** 0.270%**
> Testl
0.765*** 0.191**
0.295%**
0.583%** Test2

0.498***

Per
0.353%**

Notes:
CMIK_N-Math knowledge is certain; UoM-Math is useful; MPS_P-Problem solving is understanding procedures; MPS_N-
Problem solving is memorizing procedures; BaE-Effort is important; MA-Math ability can be changed; SelfE-Self-efficacy; Per-

Students’ perception; Score-Students’ score from district exam; Test1l-curriculum-based test; Test2-PISA-based test.
** p<0.05, ***: p < 0.01, dash arrow: non-significant (p > 0.1)

Figure 5.5: Results of students’ structural model 2
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5.1.6 Summary of analysis of student data

This section presented the results of the analysis of students’ responses to the MBQ-S and the
influence of mathematics-related beliefs on their mathematics performance. First, after examining
the outliers and normality of the distribution of students’ data, a valid measurement model was
obtained, consisting of 44 items belonging to eight different constructs of students’ mathematics-

related beliefs.

The influence of students’ mathematics-related beliefs on their mathematics performance was
investigated using structural equation modelling. Both model 1 and model 2 showed that beliefs that
mathematics ability is malleable were positive predictors of beliefs in mathematics self-efficacy. Self-
efficacy in mathematics was, in turn, a predictor of mathematics performance in all three
assessments. Model 2 provided important information about the beliefs that predicted beliefs about
mathematics ability and self-efficacy beliefs. An important predictor of beliefs that mathematics
ability is changeable were beliefs in problem-solving. Specifically, beliefs that problem-solving is
about understanding were positive predictors of beliefs that mathematics ability is changeable,
whereas beliefs that problem-solving is about memorisation were negative predictors of the belief
that mathematics ability is changeable. In turn, beliefs that mathematics knowledge is certain and
beliefs about the usefulness of mathematics were important predictors of beliefs about problem-
solving. Particularly, beliefs that mathematics is useful were positive predictors of the belief that
mathematical problem-solving is about understanding procedures, whereas beliefs that
mathematics is certain were positive predictors of beliefs that mathematics problem-solving is about
memorisation. Another important construct was beliefs in the importance of effort. It appears that
all Vietnamese student participants had strong beliefs that effort is important. Specifically, while
beliefs that effort is important were positively predicted by beliefs that mathematics knowledge is
certain, beliefs that mathematics is useful, positive perceptions of teachers’ practices, these beliefs

were positive predictors of beliefs that mathematics ability is changeable.

5.2 Analysis of Teacher Data

This section consists of three parts. The first part reports the results of a CFA analysis to validate
the MBQ-T. The second part presents the characteristics of Viethamese teachers’ mathematics-
related beliefs. The third part presents the results of a multilevel structural model that
investigated the relationships between teachers’ mathematics-related beliefs and students’

mathematics performance.
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5.2.1 Validation of the MBQ-T

5.2.1.1 Confirmatory Factor Analysis

Confirmatory factor analysis was used to validate the MBQ-T. Due to the small sample size (n=46),
IBM SPSS Statistics 25.0 was used rather than Mplus 8.4. As discussed in a previous chapter, each
belief construct in the MBQ-T consisted of two sub-constructs. The first sub-construct included
items representing beliefs that were assumed to be positive predictors of students” mathematics
performance, and the second sub-construct included items representing beliefs that were

assumed to be negative predictors of students’ mathematics performance.

In terms of the results from CFA analysis, Model 1 was run using all items within each sub-
construct. This model showed that most items within each construct had good factor loadings,
however, there were some items with low factor loadings. Specifically, beliefs that mathematics
knowledge is malleable (CMKt_P), beliefs that mathematics is not useful (UoMt_N), beliefs that
mathematical problem-solving is about memorising procedures (MPS_N), teachers’ high self-
efficacy beliefs (SelfE_P), and beliefs that students’ mathematics ability can be changed during
learning process (MAt_P) all had items with factor loadings over 0.4. Additionally, beliefs that
mathematics knowledge is certain (CMKt_N), beliefs that mathematics is useful (UoMt_P),
teachers’ beliefs in transmissive teaching of mathematics (Teach_N), teachers’ low self-efficacy
beliefs (SelfEt_N), and beliefs about the role of students’ effort in their learning (BaEt) had only
one item with a factor loading of under 0.4. The rest of the sub-constructs had two items with
factor loadings under 0.4; beliefs that mathematical problem-solving is about understanding
procedures (MPSt_P), beliefs in constructive teaching of mathematics (Teach_P), and beliefs that

students’ mathematics ability is innate (MAt_N).

Model 2 was run by using only items with factor loadings of 0.4 or higher. The details of factor

loadings for all sub-constructs from Model 1 and Model 2 are provided in Table 5.10.

Table 5.10. Factor loadings for each construct of MBQ-T for Model 1 and Model 2

Total Factor loadings
Construct
Item | Statement
item No.
No. Model | Model
1 2

I. Beliefs About the Certainty of Mathematics Knowledge (CMKt)

1.1. Beliefs that mathematics is malleable

CMKt P 1 CMIKE3 |t.IS better when a math teacher shows students lots of 0.589 0.589
- different ways to look at the same problem (+)
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2 CMKt4 | Mathematical theories are the product of creativity (+) 0.832 0.832
3 CMKtS Answers .t.o questions |.n math change as 0555 0.555
mathematicians gather more information (+)
1.2. Beliefs that mathematics is certain and unchangeable
4 CMKt1 Most of what is true in math is already known (-) 0.449 0.500
5 CMKE2 Math is really just knowing the right formula for the 0.796 0.764
problem (-)
CMKt_N 6 CMKt5 In math, answers are always either right or wrong (-) -0.184
7 CMKt6 There is no place for students to be creative in math 0.737 0.706
class (-)
8 CMKt7 | Math problem has always only one true answer (-) 0.512 0.575
Il. Beliefs About the Usefulness of Mathematics (UoMt)
2.1. Beliefs that mathematics is useful
9 UoMtl | | teach math because | know math is useful (+) 0.534 0.517
10 UoMt2 | Knowing math will help people earn a living (+) 0.338
11 UoMt3 | Math is a worthwhile and necessary subject (+) 0.771 0.786
It is important to see the connections between the
UoMt P 12 UoMt7 | mathstudentslearnin class and real-world applications 0.853 0.856
- (+)
13 UoMt8 Mfa\th. prowdes. thg foundatlon. for most of the 0.487 0.517
principles used in science and business (+)
14 UoMt9 z\f;\th helps us better understand the world we live in 0.702 0.704
2.2. Beliefs that mathematics is not useful
15 UoMta Math will not be important to students in their life’s 0.591 0.591
work (-)
UoMt N 16 UoMt5 Understjcmdmg mat.h |s'|mportant for mathematicians, 0772 0.772
- economists, and scientists but not for most people (-)
17 UoMt6 The onIy. r.eason st.udents would take a math class is 0678 0.678
because it is a requirement (-)
I1l. Beliefs About Mathematical Problem-Solving (MPSt)
3.1. Beliefs that mathematical problem-solving is about understanding procedures
18 MPSt1 There 'are math proble.ms that just can’t be solved by 0.650 0.634
following a predetermined sequence of steps (+)
19 MPSt2 Math problems can be solved without remembering 0114
formulas (+)
20 MPSt3 Memorising steps is not that useful for learning to solve -0.097
math problems (+)
MPSt_P 51 MPSt5 Time used to |r.1ve.st|gate why a solution to a math 0.776 0.775
problem works, is time well spent (+)
A student who doesn’t understand why an answer to a
22 MPSt6 math problem is correct hasn’t really solved the 0.591 0.593
problem (+)
53 MPSt7 In addition to getting a right answer in math, it is 0.692 0.713

important to understand why the answer is correct (+)

3.2. Beliefs that mathematical problem-solving is about memorising procedures
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Learning to do math problems is mostly a matter of

24 MPSt4 o . 0.660 0.660
memorising the right steps to follow (-)
55 MPSt8 It’s not important to under.stali'md why a mathematical 0.676 0.676
procedure works as long as it gives a correct answer (-)
MPSt_N 26 MPSt9 Getting a rlght answer in math is more important than 0.770 0.770
understanding why the answer works (-)
It doesn’t really matter whether or not students
27 MPSt10 | understand a math problem as long as they can get the 0.811 0.811
right answer (-)
IV. Beliefs About Mathematics Teaching (Teach)
4.1. Beliefs in constructive teaching of mathematics
)8 Teachl It is important for teachers to teach students strategies -0.039 0.689
to solve math problems (+)
59 Teach? Students will I.egrn ma.th better if teachers let them -0.506 0.615
have opportunities to discuss math (+)
30 Teach3 .Teachers‘shou‘ld teac'h stgdgnts ways to integrate new 0836
information with their existing knowledge of math (+)
Teach_P
Teachers can help students learn math when they
31 Teach7 . . 0.775
teach them problem-solving strategies (+)
37 Teach10 Students .Iearn best when 'fhey develop their -0.383 0.655
mathematical problem-solving skills (+)
33 Teachll The main goa?I of teach.lng‘ math is to help students 0.517 0.777
develop learning strategies in math (+)
4.2, Beliefs in transmissive teaching of mathematics
34 Teacha Teaching math involves mostly the transmission of 0.264
math knowledge from teachers to students (-)
35 Teachs Telllng students the correct answers in math is the 0723 0.750
most important task for teachers (-)
36 Teaché The main goal of tea_chlng math |s' to increase the 0.809 0.805
Teach_N amount of knowledge in the students’ memory (-)
37 Teachs Repeating match knowledge in class is necessary for 0.584 0.581
students learning (-)
Math learning depends mostly on how good the
38 Teach9 | teacher is to tell students what they need to know 0.711 0.712
about math (-)
V. Teachers’ Self-Efficacy Beliefs (SelfEt)
5.1. High self-efficacy beliefs
39 SelfEt1 | | am certain | can teach math concepts effectively (+) 0.761 0.761
SelfE_p 40 SelfEt2 I ha\{e no difficulties answering students’ math 0.869 0.869
questions (+)
41 SelfEt3 | am certain that | am a good teacher of math (+) 0.688 0.688
5.2. Low self-efficacy beliefs
42 SelfEta | often \A{o'nfier whether | am effective in monitoring 0.716 0.793
math activities (-)
SelfEt_N Sometimes | doubt whether | understand math
43 SelfEt5 | concepts well enough to be an effective math teacher 0.738 0.726

(-)
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good at math or not (-)

44 SelfEt6 | | wonder if | have the necessary skills to teach math (-) 0.812 0.752
45 SelfEt7 Givena ch0|ce,-l will not invite the principal to evaluate 0.508 0.528
my math teaching (-)
16 SelfEts Often | do not know what to do to turn students on to 0.388
math (-)
VI. Beliefs About the Role of Students’ Effort in Their Learning (BaEt)
47 BaEtl By trying hard, one can become smarter in math (+) 0.319
48 BaEt2 Studying hard can improve one’s ability in math (+) 0.654 0.719
49 BaEt3 Students can get smarter in math by trying hard (+) 0.781 0.786
50 BaEta Ability '|n math increases when one knows the right 0.635 0.630
Bakt strategies (+)
51 BaEts Appropriate study skills can increase one’s ability to do 0.727 0.728
math (+)
52 BaEt6 Students can get smarter in math if they know how to 0.496 0.445
learn math problems (+)
VII. Beliefs About Students’ Mathematics Ability (MAt)
7.1. Beliefs that students' mathematics ability can be changed
53 MAt1 Better study hablts are the key to success for students 0.738 0.738
who struggle in math (+)
Student who doesn’t have high natural ability in math
MAL_P >4 MAt2 is still capable of learning difficult math material (+) 0.519 0.513
55 MAL3 Learnmg. .good study skills can improve a students 0.654 0.654
math ability (+)
7.2. Beliefs that students' mathematics ability is innate
56 MAt2 Som'e people are born with great math ability and some 0.396
aren’t (-)
57 MALS M.ath ability is really just something students are born 0.715 0611
with (-)
58 MAL6 The smartest math stusjents don’t havg to do many 0.709 0.811
MAE N problems because they just get them quickly (-)
- 59 MAt7 It is frustrating for students to have to work hard to 0.435 0.539
understand a problem (-)
Students can learn new things in math, but they can’t
MA A
60 8 really change the math ability they were born with (-) 0.190
61 MAt9 Most people know at an early age whether they are 0.731 0.738

After the CFA analysis process, the regression estimates of sub-constructs for each teacher in the

sample were calculated. Due to the small sample size of mathematics teachers, instead of using all

items within constructs after CFA to run the multilevel analysis, these regression estimates were

treated as factor scores for these sub-constructs. In the final measurement model, there were 50

out of 61 items representing 13 different sub-constructs of teachers’” mathematics-related beliefs.
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5.2.1.2 Reliability

CR was calculated based on the results of factor loadings within each sub-construct. Table 5.11

shows the CR of each sub-construct of teachers’ mathematics-related beliefs.

Table 5.11. Construct reliability of each teachers’ belief sub-construct

No Construct CR
1 Beliefs that mathematics knowledge is malleable (CMKt_P) 0.70
2 Beliefs that mathematics knowledge is certain and unchanging (CMKt_N) 0.73
3 Beliefs that mathematics is useful (UoMt_P) 0.84
4 Beliefs that mathematics is useful (UoMt_N) 0.72
5 Beliefs that mathematical problem-solving is about understanding 0.78
procedures (MPSt_P)
6 Beliefs that mathematical problem-solving is about memorising procedures 0.82
(MPSt_N)
7 Beliefs in constructive teaching of mathematics (Teach_P) 0.78
8 Beliefs in transmissive teaching of mathematics (Teach_N) 0.81
9 High self-efficacy beliefs (SelfEt_P) 0.82
10 Low self-efficacy beliefs (SelfEt_N) 0.80
11 Beliefs that students’ effort is important (BaEt) 0.80
12 Beliefs that students’ mathematics ability can be changed (Mat_P) 0.68
13 Beliefs that students’ mathematics ability is innate (Mat_N) 0.77

Hair et al. (2019) suggested that CR should be greater than 0.60 to show good reliability. Results
showed that all 13 sub-constructs had CR over 0.60. This suggested that these sub-constructs were

reliable.

The next section explores what Vietnamese mathematics teachers believed within each sub-

construct of teachers’ mathematics-related beliefs included in the present research.

5.2.2 Characteristics of Vietnamese teachers’ mathematics-related beliefs

Similar to the MBQ-S, the researcher also used IBM SPSS Statistics 25.0 to explore the data from
the MBQ-T. In general, mathematics teachers had different levels of agreement for each
statement in the questionnaire. The descriptive statistics of teachers’ data for each belief
construct is provided in Table 5.12, including the percentages of agreement for each item, the
mean of each item, and each sub-construct of teachers’ mathematics-related beliefs. Other

information about descriptive statistics of teachers’ data is provided in Appendix G.
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Table 5.12. Percent and mean agreement of teachers with items representing belief constructs

math problem works, is time well spent (+)

0,
No. Construct Statement % of Mean SD
Name agreement
I. Beliefs About the Certainty of Mathematics Knowledge (CMKt)
1.1. Beliefs that mathematics is malleable 3.05
It is better when a math teacher shows
1 CMKt3 | students lots of different ways to look at the 100% 3.54 0.504
same problem (+)
CMKt_P i i
_ 5 CMKta Math.ernatlcal theories are the product of 83.70% 307 0632
creativity (+)
3 CMKLS Answers t_o_ guestions in math cha.mge as 53.30% 553 0.661
mathematicians gather more information (+)
1.2. Beliefs that mathematics is certain and unchangeable 2.15
M f what i . .
¢ what is true in math is already known 24.40% )18 0535
4 | CMKtl (_)OSt ©
5 CMKE2 Math is really just knowing the right formula 15.60% ) 0.564
CMKE N for the problem (-)
6 CMKt6 There is no place for students to be creative in 2 20% 178 0471
math class (-)
7 CMKL7 :\/I_)ath problem has always only one true answer 63% 263 0.645
Il. Beliefs About the Usefulness of Mathematics (UoMt)
2.1. Beliefs that mathematics is useful 3.26
8 UoMtl | | teach math because | know math is useful (+) 77.30% 3.09 0.741
9 UoMt3 | Math is a worthwhile and necessary subject (+) 97.80% 3.37 0.532
It is important to see the connections between
10 UoMt7 | the math students learn in class and real-world 97.80% 3.46 0.622
UoMt_P applications (+)
1 UoMt8 Mfath. provides 'Fhe f.oundatlon for. most of the 95.70% 394 0.524
principles used in science and business (+)
12 UoMt9 Math helps us better understand the world we 84.80% 313 0.653
live in (+)
2.2. Beliefs that mathematics is not useful 2.19
13 UoMta Ma:ch will not be important to students in their 8.70% 1.96 0.469
life’s work (-)
Understanding math is important for
UoMt_N | 14 UoMt5 mathematicians, economists, and scientists 40% 2.38 0.614
but not for most people (-)
15 UoMt6 The gnly reason' s'tudents 'would take a math 28.30% 292 0.629
class is because it is a requirement (-)
11l. Beliefs About Mathematical Problem-Solving (MPSt)
3.1. Beliefs that mathematical problem-solving is about understanding procedures 3.17
There are math problems that just can’t be
16 MPSt1l | solved by following a predetermined sequence 91.30% 3.09 0.509
MPSt_P of steps (+)
17 MPSt5 Time used to investigate why a solution to a 97 80% 318 0.442
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A student who doesn’t understand why an

18 MPSt6 | answer to a math problem is correct hasn’t 77.80% 2.98 0.657
really solved the problem (+)
In addition to getting a right answer in math, it
19 MPSt7 is important to understand why the answer is 100% 3.41 0.498
correct (+)
3.2. Beliefs that mathematical problem-solving is about memorising procedures 2.27
Learning to do math problems is mostly a
20 MPSt4 matter of memorising the right steps to follow 15.20% 2.04 0.595
(-)
It's not important to understand why a
21 MPSt8 mathematical procedure works as long as it 56.80% 2.55 0.548
gives a correct answer (-)
MPSt_N - - - -
Getting a right answer in math is more
22 MPSt9 important than understanding why the answer 45.50% 2.45 0.791
works (-)
It doesn’t really matter whether or not
23 MPSt10 | students understand a math problem as long 15.60% 2.04 0.52
as they can get the right answer (-)
IV. Beliefs About Mathematics Teaching (Teach)
4.1. Beliefs in constructive teaching of mathematics 3.20
24 Teachl It is |m!:)ortant for teachers to teach students 100% 337 0.488
strategies to solve math problems (+)
55 Teach? Students will learn n.wa?th bett'er if teachers let 95.60% 394 0.529
them have opportunities to discuss math (+)
Teach_P i
ch_ 26 | Teach10 Students Igarn best when '.chey c'ievelop their 95.70% 335 0.566
mathematical problem-solving skills (+)
The main goal of teaching math is to help
27 | Teachll | students develop learning strategies in math 73.90% 2.85 0.595
(+)
4.2, Beliefs in transmissive teaching of mathematics 2.79
)8 Teachs Telling stu.dents the correct answers in math is 69.60% 272 0.584
the most important task for teachers (-)
The main goal of teaching math is to increase
29 Teach6 | the amount of knowledge in the students’ 69.60% 2.8 0.619
memory (-
Teach_N R t'y() th knowledge in class |
30 | Teachg | ' Pedtng mMain Knowledge In- class 151 gg 0% 3.05| 0532
necessary for students learning (-)
Math learning depends mostly on how good
31 Teach9 | the teacher is to tell students what they need 54.60% 2.58 0.621
to know about math (-)
V. Teachers’ Self-Efficacy Beliefs (SelfEt)
5.1. High self-efficacy beliefs 2.56
32 SelfEt1 I am‘ certain | can teach math concepts 60.90% 563 0.679
effectively (+)
SelfEt P | 33 SelfEt2 I havg no difficulties answering students’ math 5330% )56 0.624
guestions (+)
34 SelfEt3 | am certain that | am a good teacher of math 45.50% 55 0591

(+)
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5.2. Low self-efficacy beliefs 2.61

35 | selfeta || Often wonder whether | am effective in| g 300 | 53] 4g6
monitoring math activities (-)

Sometimes | doubt whether | understand math

36 SelfEt5 | concepts well enough to be an effective math 43.50% 2.41 0.617
SelfEt_N teacher (-)
37 SelfEt6 Imv;:r:u(jjr if I have the necessary skills to teach 56.50% 557 0501

Given a choice, | will not invite the principal to

0,
38 SelfEt7 evaluate my math teaching (-) 52.20% 2.61 0.649
VI. Beliefs About the Role of Students’ Effort in Their Learning (BaEt) 3.15
39 BaEt2 rST'::;ig/l(rl? hard can improve one’s ability in 95.70% 3.09 0412
40 BaEt3 fl’;tit;e(rl';s can get smarter in math by trying 95.70% 322 0513
BaEt a1 BaEtd Ablllty in ma.th increases when one knows the 100% 33 0.465
right strategies (+)
Appropriate study skills can increase one’s
42 BaEt5 . 93.30% 3.16 0.52
ability to do math (+)
43 BaEt6 Students can get smarter in math if they know 83.90% )96 0.52

how to learn math problems (+)

VII. Beliefs About Students’ Mathematics Ability (MAt)

7.1. Beliefs that students' mathematics ability can be changed 2.90

Better study habits are the key to success for

.209 A .54
students who struggle in math (+) 93.20% 3.18 0.5

44 MAt1

Students who do not have high natural ability
MAt_P 45 MAt2 in math are still capable of learning difficult 44.40% 2.36 0.712
math material (+)

Learning good study skills can improve a

.709 A 47
students’ math ability (+) 95.70% 3.15 0

46 MAt3

7.2. Beliefs that students' mathematics ability is innate 2.25

Math ability is really just something students

0,

47 MAt5 are born with (- 2.20% 1.93 0.447
The smartest math students don’t have to do

48 MAt6 many problems because they just get them 67.40% 2.67 0.701

MAt_N quickly (-)

49 MAL7 It is frustrating for students to have to work 43.20% 548 0.664
hard to understand a problem (-)

50 MAt9 Most people know at an early age whether 4.40% 1.93 0.393

they are good at math or not (-)

5.2.2.1 Beliefs about the Certainty of Mathematics Knowledge (CMKt)

It can be seen from Table 5.12 the Vietnamese mathematics teachers in the sample agreed with
items expressing beliefs that mathematics knowledge is malleable. The mean of all items
representing beliefs that mathematics is malleable was 3.05 (out of 4). All teachers agreed with

the item, “It is better when a math teacher shows students lots of different ways to look at the
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same problem”, however, the statement, “Answers to questions in math change as
mathematicians gather more information” received agreement from only 53% of the teachers.
Although teachers expressed less agreement with items representing representing beliefs that
mathematics is certain (mean agreement of 2.15), over half of the teachers believed that a
mathematics problem always has only one true answer. It appears, overall, that the teachers had

some conflicting beliefs regarding the certainty, or lack thereof, of mathematical knowledge.

5.2.2.2 Beliefs about the Usefulness of Mathematics (UoMt)

The overwhelming majority of teachers in the sample believed that mathematics is useful. The
mean agreement with items representing beliefs that mathematics is useful was 3.26. 95% of
teachers believed that mathematics is a worthwhile and necessary subject, and that it is important

to see the connections between the math students learn in class and real-world applications.

However, some teachers also agreed with statements expressing beliefs that mathematics is not
useful for all people. For example, 40% of teachers believed that understanding mathematics is

important for mathematicians, economists, and scientists but not for most people.

5.2.2.3 Beliefs about Mathematical Problem-solving (MPSt)

The Vietnamese mathematics teachers also seemed to have some conflicting beliefs regarding the
nature of mathematical problem-solving. Although the teachers tended to agree with items
expressing the belief that problem-solving is about understanding rather than memorisation,
(mean agreement 3.17), a considerable number of teachers also agreed with items expressing
beliefs that mathematical problem-solving is about memorising procedures (mean agreement
2.27). For example, most teachers agreed with items such as “Time used to investigate why a
solution to a math problem works, is time well spent” (item MPSt5) and “In addition to getting a
right answer in math, it is important to understand why the answer is correct” (item MPSt8).
However, 56.80% of teachers also agreed with the statement “It’s not important to understand
why a mathematical procedure works as long as it gives a correct answer” and 45.50% agreed that

“Getting a right answer in math is more important than understanding why the answer works”.

5.2.2.4 Beliefs about mathematics teaching (Teach)

The results indicated that teachers had inconsistent beliefs about mathematics teaching. The mean
agreement with items representing beliefs in constructive teaching was 3.20, and the mean
agreement those representing beliefs in transmissive teaching was 2.79. A large percentage of

teachers agreed with statements that were considered to have a negative effect on student
149



performance. For example, more than 70% of the teachers agreed with statements such as “Telling
students the correct answers in math is the most important task for teachers” (item Teach5), “the
main goal of teaching math is to increase the amount of knowledge in the students’ memory” (item

Teach6), and “repeating math knowledge in class is necessary for students learning” (item Teach8).

5.2.2.5 Teachers’ self-efficacy beliefs (SelfEt)

The mathematics teachers in the sample did not show high levels of self-efficacy in math teaching.
The mean agreement with items representing high self-efficacy beliefs was only 2.56, while the
mean agreement with items representing low self-efficacy beliefs was 2.61. About 50% of the
teachers did not agree with the items “I have no difficulties answering students’ math questions”
(item SelfEt2) and “l am certain that | am a good teacher of math” (item SelfE3). Additionally,
about 50% of teachers also agreed with statements such as “l often wonder whether | am effective
in monitoring math activities” (item SelfEt4) and “given a choice, | will not invite the principal to

evaluate my math teaching” (item SelfEt7).

5.2.2.6 Beliefs about the role of students’ effort in their learning (BaEt)

Most teachers in the sample believed that students’ effort is important to improve their learning.
Mean agreement with items representing beliefs that effort is important was 3.15. Most teachers
agreed that “studying hard can improve students’ mathematics ability” (item BaEt2), and

“students can get smarter in mathematics by trying hard” (item BaEt3).

5.2.2.7 Beliefs about students’ Mathematics Ability (MAt)

Teachers expressed conflicting beliefs regarding the malleability of students” mathematics ability.
Mean agreement with items representing beliefs that students’ mathematics ability can be
changed was 2.90, while the mean agreement with items representing beliefs that students’
mathematics ability is innate was 2.25. Over 90% of teachers agreed with the items, “Better study
habits are the key to success for students who struggle in mathematics” (item MAt1) and
“Learning good study skills can improve a students’ mathematics ability” (item MAt3). However,
only about 45% of them also believed that “Students who do not have high natural ability in math

are still capable of learning difficult math material” (item MAt2).

To sum up, it can be seen that Viethamese mathematics teachers believed that mathematics is
useful and that students’ effort is important to improve mathematics learning. However, there
were inconsistent beliefs regarding mathematical problem-solving, mathematics teaching, and

students’ mathematics ability. They also showed quite low self-efficacy beliefs.
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5.2.3 SEM multilevel structural model to investigate the influence of teachers’ mathematics-
related beliefs on students’ mathematics performance

One of the purposes of the present research is to investigate the influence of teachers’
mathematics-related beliefs on students’ mathematics performance. SEM multilevel analysis was
employed to assess this, using a process comprising two stages. In the first stage, based on the
students’ structural model that was found to have good fit indices, the researchers proposed a
similar structural model in terms of the relationships among teachers’ belief constructs. In the
second step, some belief constructs were selected to run the multilevel model. This section

presents the results of each stage.

5.2.3.1 SEM analysis to investigate relations between belief constructs

Structural equation modelling was used to explore the relations between the various belief
constructs emerging from the analysis of the teacher data. A structural model for a similar model
based on student data was also run, as previously outlined. In this model of the teachers, beliefs
about the certainty of mathematics knowledge and beliefs about usefulness of mathematics were
hypothesised to be predictors of beliefs about mathematical problem-solving, which in turn, these
beliefs were hypothesised to be predictors of beliefs about mathematics teaching. Beliefs about
mathematics teaching were hypothesised to predict teachers’ self-efficacy beliefs. It was also
hypothesised that teachers’ beliefs about students as a mathematics learner (beliefs about the
role of student effort in their learning and beliefs about students’ mathematics ability) may be

predictors of their beliefs about mathematics teaching and self-efficacy beliefs.

Since each belief construct consisted of two different sub-constructs, the teachers’ data included
responses from 46 mathematics teachers with the regression estimates of 13 beliefs sub-

constructs. The results of structural equation modelling using Mplus 8.4 are depicted in Figure 5.6.

This model examined the relationships between all sub-constructs based on the proposed
hypotheses for teachers’ mathematics-related beliefs. The fit indices were not good for this
model, [x? = 71.727; df = 28; x?/df = 2.56; RMSEA = 0.198; CFl = 0.647: TLI = 0.282; SRMR = 0.104],
due to the small sample size and multiple sub-constructs. However, this model provided some

general ideas about the possible relationships between these sub-constructs.
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Note: full arrow: significant (p <= 0.05); dash arrow: non-significant (p > 0.1)

Figure 5.6: Structural model of teachers’ mathematics-related beliefs

It can be seen from Figure 5.6 that there were only significant paths among sub-constructs
representing beliefs that were assumed to be positive predictors of students’ mathematics
performance and among sub-constructs representing beliefs that were assumed to be negative
predictors of students’ mathematics performance. Additionally, it can be seen that many paths
between beliefs about the role of students’ effort in their learning (BaEt) and beliefs about
students’ mathematics ability (both MAt_P, MAt_N) were not significantly associated with beliefs
about teaching (both Teach_P, Teach_N) or teachers’ self-efficacy beliefs (both SelfE_P, SelfE_N).
Possible explanations for these non-significant associations include: (1) items in these sub-
constructs were adapted from students’ questionnaire and may not be optimal constructs for
mathematics teachers; (2) there might be different relationships between these two constructs
and other teachers’ belief constructs that need to be further explored; and (3) the sample size of

mathematics teachers was not large enough to demonstrate the proposed relationships.

5.2.3.2 SEM multilevel analysis to explore relations between teachers’ beliefs and students’
mathematical performance

As mentioned in the previous chapter, of the 46 mathematics teachers in the sample, 28 teachers
were teaching sixth, seventh, eighth grade students, and 18 teachers were teaching 20 ninth grade
classes at the selected schools. In order to conduct SEM multilevel analysis, only data from those

18 teachers who were teaching ninth grade classes were connected with students’ data because
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the researcher was interested in exploring whether the beliefs of these teachers could predict

their students’” mathematics performance.

Because of the very small number of teachers, only the sub-constructs that represented beliefs
hypothesised to be positive predictors of student mathematics performance were chosen to run
the multilevel model. These were: (1) beliefs that mathematics knowledge is malleable; (2) beliefs
that mathematics is useful; (3) beliefs that mathematical problem solving is about understanding
procedures; (4) beliefs in constructive teaching of mathematics; and, (5) high self-efficacy beliefs.
Since the results from the first stage indicated that beliefs about the role of student effort (BaEt)
and beliefs about students’ mathematics ability (both MAt_P, MAt_N) had weak links with other

belief constructs, these constructs were not included in the model.

It was hypothesised that teachers’ beliefs that mathematics knowledge is malleable (CMKt_P) and
beliefs that mathematics is useful (UoMt_P) would be positive predictors of beliefs that
mathematical problem-solving is about understanding procedures (MPSt_P), and that beliefs that
mathematical problem-solving is about understanding procedures (MPSt_P) would be positive
predictors of beliefs in constructive teaching of mathematics (Teach_P). Beliefs in constructive
teaching were predicted to be positive predictors of self-efficacy beliefs (SelfEt_P), and high self-
efficacy beliefs (SelfEt_P) would be positive predictor of students’ mathematics performance. The

full model is depicted in Figure 5.7.

This model showed a good set of fit indices [x? = 1309.765; df = 1033; x?/df = 1.268; RMSEA =
0.024; CFI =0.912: TLI =0.906; SRMR (student level) = 0.062, SRMR (teacher level) = 0.333].
Although SRMR (teacher level) showed a poor fit, the other fit indices satisfied the requirements
of cut-off values. Figure 5.7 included two levels. The “Between level” showed the relationships
among teachers’ belief constructs and students’ mathematics performance. The “Within level”
showed the relationships among students’ belief constructs and students’ mathematics
performance. It is worth noting that the SEM model mostly replicated the results obtained earlier
about the relationships between belief constructs from student data. However, this section only

focuses on the results from the teacher level.
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Figure 5.7: Structural model of students’ and teachers’ mathematics-related beliefs
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As can be seen from Figure 5.7, results showed significant relationships among constructs of
teachers’ mathematics-related beliefs and students’ mathematics performance. A synthesis of the

key findings is as follows:

(1) Teachers’ high self-efficacy beliefs were positive predictors of all three types of mathematics

performance;

(2) Teachers’ beliefs that mathematical problem-solving is about understanding procedures were

positive predictors of their beliefs in constructive teaching of mathematics; and,

(3) Teachers’ beliefs that mathematics knowledge is malleable were positive predictors of their

beliefs that mathematical problem-solving is about understanding procedures.

There were non-significant path coefficients from teachers’ beliefs that mathematics is useful to
teachers’ beliefs that mathematical problem-solving is about understanding procedures, and from

teachers’ beliefs in constructive teaching of mathematics to teachers’ high self-efficacy beliefs.

To summarise, this section presented the results of the influence of teachers’ mathematics-related
beliefs on students’ mathematics performance. CFA, using SPSS, was employed to assess teachers’
belief constructs and to estimate the factor scores for each construct. Due to the small sample size
of mathematics teachers and the complexity of the model, only five out of the thirteen teachers’
belief sub-constructs (those representing beliefs assumed to be positive predictors of students’
mathematics performance) were chosen to test the associations with students’ mathematics
performance. The results showed that teachers’ high self-efficacy beliefs were positive predictors
of the three measures of students’ mathematics performance. Additionally, beliefs that
mathematical problem-solving is about understanding procedures were positive predictors of
beliefs in constructive teaching of mathematics, and beliefs that mathematics knowledge is
malleable were positive predictors of beliefs that mathematical problem-solving is about

understanding procedures.

5.3 Summary

In this chapter, the statistical procedures and results of the data analysis for the present research
were presented. First, the preliminary data analysis resulted in the exclusion of 11 students from
the original sample of 620 (n=609). Second, the results of the best measurement model for
students consisted of 44 items representing eight beliefs constructs. Exploring Vietnamese
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students’ beliefs revealed that, generally, they believed that mathematics is useful and that effort
is important to improve mathematics learning. Differences in mathematics-related beliefs were
found between boys and girls, as well as between high and low performers, in terms of beliefs that
mathematics is useful and beliefs that mathematical problem solving is about memorising

procedures.

The structural analysis of student data showed that self-efficacy beliefs positively predicted
students” mathematics performance in the three types of assessments used, and beliefs about the
malleability of mathematics ability were found to be predictors of beliefs in self-efficacy. Overall,
beliefs that mathematics knowledge is certain, beliefs that mathematics is useful, and positive
perceptions of teachers’ practices were important predictors of beliefs about problem-solving and
the importance of effort. Additionally, beliefs about problem-solving and beliefs about the

importance of effort directly predicted beliefs about the malleability of mathematics ability.

The Vietnamese mathematics teachers expressed conflicting beliefs regarding the nature of
mathematics knowledge, mathematics teaching, and mathematical problem solving, and some
uncertainty in their self-efficacy as teachers. The final multilevel structural equation modelling
showed that teachers’ high self-efficacy beliefs directly predicted students’ mathematics
performance. Additionally, positive path was found between beliefs that mathematical problem-
solving is about understanding procedures and beliefs in constructive teaching of mathematics, as
well as between beliefs that mathematics knowledge is malleable and beliefs that mathematical

problem-solving is about understanding procedures.
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CHAPTER 6 DISCUSSION AND CONCLUSIONS

This chapter consists of three main sections. The first section discusses the results of the research
relevant to the mathematics-related beliefs of the Vietnamese students and the influence of these
beliefs on their mathematics performance. The second section discusses the results of the
research concerning beliefs of the Viethamese mathematics teachers and the influence of these
beliefs on their students’ mathematics performance. The last section discusses educational
implications of the research for the teaching and learning of mathematics in Vietnam and

directions for future research.

6.1 Vietnamese students’ mathematics-related beliefs and the influence of these
beliefs on their mathematics performance
The research revealed a complex pattern of relations amongst various mathematics-related beliefs
of the Vietnamese students. Some of these beliefs were found to be direct or indirect positive
predictors of mathematics performance while others were negative predictors. Overall, self-
efficacy was found to be a direct predictor of the students’ mathematics performance, while
beliefs that mathematics ability can be changed and improved were a direct predictor of self-
efficacy in mathematics. The structural equation model showed a positive path that connected
beliefs about effort and perceptions of teachers to self-efficacy. More specifically, the positive
perceptions of teachers by the students were found to be a positive predictor of beliefs in the
importance of effort, leading to beliefs in the changeability of mathematics ability and self-
efficacy. Another positive path led from beliefs about the nature of mathematics and
mathematical problem-solving to self-efficacy and mathematics performance. These were the
beliefs that mathematics is useful and that mathematics problem solving is about understanding
rather memorisation of rules. Negative predictors of the beliefs of self-efficacy and that
mathematics ability can be changed were the beliefs that mathematics is certain and

unchangeable and that problem-solving is about memorisation of rules and procedures.

Overall, the Vietnamese students in the present sample expressed strong agreement with many
beliefs that were positive predictors of mathematics performance, such as high self-efficacy
beliefs, beliefs that mathematics ability can be changed, beliefs in the importance of effort and
positive perceptions of their teachers’ practices. They also agreed with statements indicating that

mathematics is useful but tended to agree more strongly with statements indicating that
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mathematics, as a discipline, is absolute and certain. The students seemed to be conflicted with
respect to their beliefs regarding whether mathematical problem-solving is more about

memorisation of rules or about understanding of rules.

In this section, the mathematics-related beliefs that were positive predictors of mathematics
performance will first be discussed, followed by a discussion of the mathematics-related beliefs
that were negative predictors of mathematics performance. First, some issues related to

mathematics performance will be discussed.

Mathematics performance. Mathematics performance was assessed by examining students’ scores
in three tests. One was a district mathematics test which was given to all ninth grade students in
that particular district in Vietnam and which tested their mathematical knowledge based on the
curriculum taught for that year. The other two tests were designed specifically for the purposes of
the present research. One of these was a curriculum-based test and the other was a test which
used problems from the OECD PISA exam. The results showed that the students’ performance in
the district exam correlated positively with their performance in the two tests designed for the
purposes of the present study. Overall, the students did well on the curriculum-based test but they
had quite poor performance on the PISA-based test. This was an expected finding given that the
problems taken from the OECD PISA exam were unfamiliar to the students. In interviews conducted
after the testing, many of the students reported that they thought they did well only on the
curriculum-based test and that they were not familiar with the real-world problems used in the
PISA exam. Many of them stated that this was the first time they have seen such problems in
mathematics. The finding that the students did poorly in this test indicated that few of them were
able to transfer their mathematics knowledge to new situations that were different from the
school contexts in which they were instructed. The SEM model investigated predicted students’

performance in all three tests.

Relations between self-efficacy, mathematics ability and mathematics performance. Two
mathematics-related beliefs were found to be strong predictors of mathematics performance.
These were the beliefs in high self-efficacy in mathematics and beliefs that mathematics ability can
be changed and improved. In the SEM model, beliefs that mathematics ability can be changed was
a direct positive predictor of self-efficacy in mathematics which, in turn, was a positive and direct
predictor of mathematics performance. The finding regarding the importance of self-efficacy

beliefs, and the mediating role that these beliefs play between several other mathematics-related
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beliefs and mathematics performance, is consistent with findings from prior research (Nasser &
Birenbaum, 2005; Zarch & Kadivar, 2006), and indicates the importance of these beliefs for
mathematics teaching and learning (Bandura, 1977; Liu & Koirala, 2009; Muis & Foy, 2010; Unli &
Ertekin, 2017).

The present research showed that, overall, the Vietnamese students held high self-efficacy beliefs
about mathematics (M = 2.82). Over 75% of students agreed with items stating that they were
confident to ask questions in their mathematics classes and to use mathematics outside of school.
However, it is also worth noting that only about 47% of the students were certain that they can do
well in their mathematics tests, although they seemed to be more confident that they would do
well in future mathematics courses. The finding that Vietnamese students had high self-efficacy
beliefs that were significant positive predictors of their mathematics performance is consistent
with the results of prior research with Vietnamese students by Sezgin (2017). In addition, this
finding is also supported by the results of PISA 2012, which showed that Vietnamese students’
self-efficacy beliefs were strongly associated with mathematics performance, and that Viethamese
students reported higher levels of confidence to solve mathematics problems (both pure and
applied) compared to other countries in the European and Asian regions (OECD, 2013). These
findings may contribute to explaining why Vietnamese students performed well on an

international assessment such as PISA.

Another positive predictor of mathematics performance through the mediation of self-efficacy
beliefs was the beliefs that mathematics ability is malleable and can be changed during the
process of education. The Vietnamese students expressed overwhelming agreement with
statements indicating that they can improve their mathematics ability, and rejected statements
indicating that mathematics ability is innate. Over 90% (M = 3.34) agreed that learning good study
skills can improve mathematics ability and that better study habits can make a difference. The
relation between beliefs in the malleability of mathematics ability and self-efficacy is consistent
with Bandura’s (1993) finding that if students believe that ability is fixed or innate, they tend to
have much lower levels of self-efficacy in problem-solving, and they tend to get lower academic
performance. The finding is also consistent with Bonne and Johnston’s (2016) results that self-
efficacy beliefs are positively and significantly correlated with incremental beliefs of ability and
negatively correlated with entity beliefs of ability. Dweck and Leggett (1988) also found that
students who believe that the ability to learn is fixed at birth will display helpless behaviour, while

those with a strong belief that the ability to learn can improve will persist and try different
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strategies. Additionally, the positive relationship between beliefs that mathematics ability is
malleable and mathematics performance is also consistent with prior research, which found

negative relationships between beliefs in innate ability and achievement (e.g., Schommer, 1993).

Prior research has shown that students in Western countries tend to more strongly believe that
ability is innate and cannot be changed than their counterparts from Asian countries (Uttal, 1997).
This might also explain why research with students from Asian countries shows significant
relationships between beliefs that mathematics ability can be changed and mathematics
performance; a result not always found in research with students from Western countries (e.g.,
Schommer-Aikins & Duell, 2013; Schommer-Aikins et al., 2005). It is easy to understand how beliefs
that mathematics ability can be changed can have an important influence on mathematics
performance. Itis only if students believe that their mathematics ability can be improved that
they will try harder to learn mathematics. Both prior research and the present research confirmed
relationship between beliefs in the malleability of mathematics ability and effort, as will be

discussed in the next sub-section.

Relations between students’ beliefs about the importance of effort and teacher perception with
mathematics ability, self-efficacy beliefs, and mathematics performance. The SEM model showed
that students’ positive perception of their teachers were positive predictors of beliefs in the
importance of effort. Beliefs in the importance of effort were, in turn, positive predictors of beliefs
in the malleability of mathematics ability, self-efficacy, and mathematics performance. Although
this pattern of relations has not been previously reported in the literature, it is consistent with
previous findings, such as Muis and Foy’s (2010) argument that students’ beliefs about the
importance of effort have an indirect effect on mathematics performance through their beliefs in

achievement goals and self-efficacy.

The Vietnamese students overwhelmingly agreed with statements that effort is important in
improving mathematics learning (M = 3.31). This finding is in concert with the results of Sangcap’s
(2010) research with Asian students. Leung (2001) also showed that students in Eastern countries
tend to work harder, and put more effort in their learning, compared to students from Western
countries. Using PISA data, Parandekar and Sedmik (2016) investigated the profiles of Vietnamese
students and compared them with students from seven other developing countries. The results
showed that Viethnamese students were more likely to emphasise effort and spent more study

time studying mathematics out of school.
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The above findings are consistent with mathematics education practices in Vietham where the
importance of effort in school achievement is stressed from an early age. Parents express high
expectations of their children’s performance, and mathematics is always considered one of the
most important school subjects in Vietnam. As a result, parents tend to encourage their children
to make a great deal of effort and try hard to do well in mathematics. Effort is also highly valued
by Vietnamese teachers. As will be discussed later, the Vietnamese teachers in the present sample

agreed with statements that effort is important to improve mathematics learning (M = 3.15).

The positive relations between the Vietnamese students’ beliefs in the importance of effort, the
beliefs that mathematics ability can be improved, and mathematics performance is especially
noteworthy. It is possible that this positive association is also related to the practices of learning
mathematics in Vietnam where students are highly encouraged to try hard to improve their
performance. If students get better results in mathematics after trying hard, they will tend to
believe their mathematics ability can be changed during the process of learning. This association is
consistent with the finding that students in Asian countries believed more in the role of effort than
students in Western countries, as shown in the work of Uttal (1997), Mason (2003) with Italian

students, and Hemmings and Kay (2010) with Australian students.

Most of the Vietnamese students had a positive perception of their teachers’ practices (M = 3.36).
A possible explanation of this finding could be that Vietnamese students tend to be respectful of
their teachers and consider them as role models, and their teachers tend to act accordingly. The
finding that Vietnamese students seem to have a more positive perception of their teachers in
comparison to their peers in other countries might be expained by the differences in the role of
teachers in different cultures. As Leung (2001) pointed out, while “the role of the teacher is to
cater for the needs of the individual student [in Western culture], role modelling of the teacher is

traditionally of great importance in the Chinese culture” (Leung, 2001, p. 44).

The results of the SEM model indicated that students’ perception of their teachers’ practices
indirectly predicted mathematics performance in a positive way through beliefs that effort is
important, beliefs that mathematics ability can be changed, and self-efficacy beliefs. This result is
consistent with the findings of Op't Eynde and De Corte’s (2003) work of high correlations
between students’ positive perceptions of their mathematics teachers and their confidence in
their mathematical capacities. It is also consistent with a host of other related results. Murdock

and Miller (2003) found that students’ perceptions about teachers influence their self-efficacy
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beliefs and their values; Op’t Eynde et al. (2006a) found that students with positive beliefs about
their teachers feel more confident about mathematics learning; Tarmizi and Tarmizi (2010)
showed that students’ beliefs about the role and the functioning of their teacher were strongly
and positively associated with their beliefs about being mathematically competent; Wang et al.
(2019) found that students’ perceptions about teacher praise was related with their perceived
mathematics achievement; and You et al. (2016) found that students’ perceptions of teachers’
motivational behaviours indirectly predicted mathematics achievement through students’

mathematics self-efficacy and intrinsic motivation.

In the case of the Vietnamese mathematics education context, the results of the present research
are consistent with Hoang’s (2007) findings that the more frequently teachers present their
students with strategies to solve mathematics problems, the better students perform in
mathematics, and that students’ active learning strategies are significantly associated with

mathematics performance.

Beliefs about the usefulness of mathematics, beliefs about mathematics problem-solving, and
mathematics performance. Another pattern of positive relations was found between beliefs in the
usefulness of mathematics and beliefs that mathematical problem-solving is about understanding
rather than memorisation. Both of these beliefs were, in turn, positive predictors of mathematics
performance through the mediation of beliefs in the malleability of mathematics ability and self-
efficacy. Although the relationship between these beliefs and mathematics performance has only,
to date, been explored in the present research, it is consistent with the results of Koéller (2001),
who found indirect links between these beliefs. Op't Eynde and De Corte (2003) also found that
the more students valued mathematics, the more confident they were in mathematics learning.
This result helps explain the non-significant relationships between beliefs about usefulness of
mathematics and mathematics performance in prior research, such as Pajares and Miller (1994)

and Arikan et al. (2016).

The Vietnamese students overwhelmingly agreed with statements expressing beliefs that
mathematics is useful (M = 3.43). This finding is consistent with prior research by Palmer (1994)
who found that Vietnamese students tended to find that mathematics is more useful than their
Autralian peers. This could be explained by the finding that Vietnamese mathematics teachers also

tended to agree highly with statements indicating that mathematics is useful (M = 3.26), a result
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consistent with Bryan et al. (2007) who investigaged the value of mathematics amongst teachers

in four regions (Mainland China, Hong Kong, Australia, and the US).

It is worth noting that results also showed beliefs about the usefulness of mathematics directly
and positively predicted beliefs about the importance of effort. In other words, the more students
believed that mathematics is useful, the more likely they were to believe that effort is important
to improve their mathematics learning. Again, this finding may also explain why Vietnamese

students valued the importance effort.

Beliefs about the nature of mathematical problem-solving. Beliefs about the nature of problem-
solving consisted of two sub-constructs, namely, beliefs that mathematical problem-solving is
about understanding procedures and beliefs that mathematical problem-solving is about
memorising procedures. The results showed that both of these two sub-constructs predicted
mathematics performance through beliefs about mathematics ability and self-efficacy, but their
predictions were in contrasting directions. While beliefs that mathematical problem-solving is
about memorising procedures was a negative predictor of mathematics performance, beliefs that
mathematical problem-solving is about understanding procedures was a positive predictor of
mathematics performance. These results are consistent with findings of Yuanita and Zulnaidi
(2018) and Mason (2003), who also showed that beliefs about problem-solving directly or
indirectly predicted mathematical performance. The indirect effect of beliefs about problem-
solving on mathematics performance may explain why these beliefs were not found to be direct
predictors of mathematics performance by Schommer-Aikins et al. (2005) and Schommer-Aikins

and Duell (2013).

There were only two items in the validated MBQ-S that tested agreement with beliefs that
mathematics problem-solving is about understanding procedures, and the Vietnamese students in
the sample overwhelmingly agreed with them (M= 3.43). However, 45% of the Vietnamese
students also agreed with the statement that “learning to do math problems is mostly a matter of
memorising the right steps to follow” and 32% agreed with the statement that “getting a right
answer in math is more important than understanding why the answer works”. There emerged
some inconsistencies in students’ beliefs in this area that can be understood if one considers the
nature of teaching in Vietham. Most mathematics teachers still apply transmissive teaching
approaches, focusing on helping students memorise mathematical formulas and solve

mathematical problems out of context, rather than constructive teaching approaches where
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students have more opportunities to explore and discover (T. T. Nguyen et al., 2020). This
observation aligned with Op't Eynde and De Corte (2003) who also emphasised the orientation

toward achievement and grading in the school mathematical context.

The presence of beliefs in the importance of memorisation for problem-solving has been observed
in prior research, such as Schoenfeld (1992) who showed that many students believe that
problem-solving in mathematics is about memorisation. In addition, research has also showed that
students from Asian countries are more inclined to stress the role of repetition and rote memory
in learning, as opposed to understanding, compared to students from Western countries (e.g.,
Dahlin & Watkins, 2000). The result of the structural equation model of the present research,
which found that beliefs that problem-solving is about memorisation is a negative predictor of
beliefs in mathematical ability and indirectly of mathematical performance (while beliefs that
problem-solving is about understanding are a positive predictor), add to previous research and

indicate the importance of these beliefs in the mathematical belief system of students.

Beliefs about the certainty of mathematics knowledge, mathematical problem solving and
mathematics performance. The results of the present research showed that students’ beliefs that
mathematics knowledge is certain were direct predictors of beliefs that mathematical problem-
solving is about memorising procedures and, therefore, indirect negative predictors of
mathematics performance. In other words, the more students believed that mathematics
knowledge is certain, the more they believed that mathematical problem-solving is about
memorising procedures and the less they believed that mathematics ability can be changed, the

lower their levels self-efficacy, and the lower the mathematics performance they achieved.

This finding is consistent with previous research in which beliefs that mathematics is certain and
absolute were found to predict mathematics performance negatively and directly or through
mediators (Hofer, 2000; Koller, 2001; Schommer, 1990, 1998). It is also consistent with Buehl and
Alexander’s (2005) results that students who believed more in the certainty of mathematics
knowledge had lower levels of motivation and task performance, and Cano’s (2005) work, which
showed that the more students believe knowledge is certain, the more they approach learning
through surface strategies (rather than deep strategies), and the lower they perform on academic
achievement. It is logical that the more students think that mathematics knowledge is an
unchanging, closed system, the more they are likely to also think that mathematics problem-

solving is about memorising certain procedures and rules with little need for understanding and
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creativity. This makes this epistemological belief important to consider, especially in the context of

the Vietnamese transition to a competence-based curriculum in mathematics.

An interesting finding of the research was the positive path leading from beliefs that mathematics
is certain to beliefs in the importance of effort. It appears that the more the Viethamese students
believed that mathematics knowledge is certain, the more they tended to agree with statements
indicating that effort is important to improve mathematics learning. Although there is no similar
result in the literature, this result may be related to the characteristics of mathematics teaching
and learning in Vietnam. As discussed previously, Vietnamese students are taught mathematics
with a traditional teaching approach that emphasises that effort is needed for students to acquire
the body of this certain mathematics knowledge which consists mostly of memorising rules. This
explanation is consistent with Bryan et al.’s (2007) and Leung’s (2001) findings about the

characteristics of mathematics teaching and learning in Eastern countries.

Gender differences in Vietnamese students’ mathematics-related beliefs and mathematics
performance. Testing gender differences in mathematics performance showed that female
students performed better in the district mathematics exam than male students, although male
students were found to perform better than female students in the PISA-based test. This result is
consistent with other findings regarding gender differences in the literature. Prior research on
gender differences in achievement using meta-analysis showed a stable female advantage
compared with male, both in language courses and mathematics (Voyer & Voyer, 2014). However,
research has also shown contrasting gender differences amongst high performers in mathematics.
An analysis of gender differences in the results of the 2012 PISA (OECD, 2014) exam showed that
boys outperformed girls in mathematics in most countries (including Vietnam). According to the
report, girls tended to “report less perseverance, less motivation to learn mathematics, less belief
in their own mathematics skills, and higher levels of anxiety about mathematics” (OECD, 2014, p.
4). This finding is also consistent with Darmawan’s (2016) findings that boys tended to outperform

girls in mathematics in the Asian region (including Vietnam).

What were the beliefs of the girls in the present sample that resulted in their better overall
performance in the district mathematics exam? The results of the research showed that female
students valued the usefulness of mathematics in their daily lives more so than male students and
perceived their mathematics teachers more positively. One possible explanation of this finding

might be that the sample of teachers was mostly female. As a result, the female students’ beliefs
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may be more aligned with their teachers’ beliefs than boys. The female students also tended to
agree more with statements that mathematics is about understanding, in contrast to their male
counterparts who tended to believe mathematical problem-solving is about memorising
procedures. This latter finding is consistent with Mason’s (2003) and Prendergast et al.” s (2018)
work with secondary school students. The finding that female students valued the usefulness of
mathematics in their daily lives more than male students is inconsistent with Fennema and
Sherman’s (Fennema, 1989; Fennema & Sherman, 1977) work with students in Western countries,
but agrees with Sangcap’s (2010) findings with students in Asian countries. This result is also
consistent with Kiwanuka et al.’s (2017) study with seventh grade students in Uganda which
showed that girls had higher scores on items investigating the usefulness of mathematics

compared to boys.

Differences in Vietnamese students’ mathematics-related beliefs between low and high
performers. High performers in the present research were students who received the highest
scores in the PISA-based test (scoring at least 5 out of a total score of 6). Only 65 of the total
sample of 609 students were included in this group of high performers. Their high performance in
the PISA-based test was interpreted to indicate that these students were able to transfer their

mathematics knowledge to solve unfamiliar problems based on real-world situations.

What were the mathematics related beliefs of the high mathematics performers in the PISA-based
test compared to their peers? The results of the present research showed that the high performers
expressed higher agreement compared to the low performing students in a cluster of beliefs found
to be positive predictors of mathematics performance. For example, they were more likely to
express agreement with beliefs indicating that mathematics is not certain and absolute, that it is
useful, that problem-solving is about understanding rather than memorisation, and that
mathematics ability can be changed. High performers also had higher self-efficacy beliefs and

perceived their teachers’ practices more positively than low performers.

The above results are consistent with prior research. For example, Op't Eynde and De Corte (2003,

cited in Andrews et al., 2011) found that high performers believed that mathematics is useful more
than low performers. These findings are also consistent with Hannula and Laakso’s (2011) findings

that, in general, high performers are likely to be more positive than low performers in terms of

expectations and affect (e.g., beliefs). Hoang (2007) investigated the relationships between different

166



aspects and mathematics performance of twelve-year-old students in Vietnam and found that

students who more regularly discuss real-world problems tend to perform better in mathematics.

The differences between high and low performers in their mathematics related beliefs further
support the finding of positive relations between certain mathematics-related beliefs and
mathematics performance. Beliefs in the usefulness of mathematics, the changeability of
mathematics, the importance of understanding rather than memorisation, and the possibility to
improve mathematics ability are the beliefs that were more strongly expressed by students who
were higher performers than their peers who performed less well in the PISA test. These findings
indicate that more attention needs to be paid in the Vietnamese mathematics curriculum to stress
the creativity and changeability of mathematics knowledge and the importance of understanding

rather than memorisation in problem-solving.

To summarise, the results of the present research confirmed a number of findings from prior
research, such as the relationships between self-efficacy beliefs and beliefs about mathematics
ability with mathematics performance. Additionally, the results provided empirical evidence to
support some of the assumptions of prior research (Depaepe et al., 2016; Kloosterman, 1996;
McLeod, 1992; Schommer-Aikins et al., 2010) regarding a number of complex relations among
mathematics-related beliefs and mathematics performance, such as beliefs about the certainty of
mathematics knowledge, the usefulness of mathematics, mathematical problem-solving, and
students’ perceptions of teachers’ practices. The present research confirmed the important role of
beliefs about effort in mathematics teaching and learning in Vietnam with significant links found
among these beliefs and other types of mathematics-related beliefs, and mathematics performance.
The Vietnamese students in the sample expressed high agreement with a number of beliefs found to
be positive predictors of mathematics performance, such as self-efficacy beliefs, beliefs in the
importance of effort, beliefs in the usefulness of mathematics and positive perceptions of their
teachers. One area where the beliefs of the Viethamese students could be improved has to do with
beliefs that mathematics knowledge is not certain and absolute, and the related beliefs that

mathematical problem-solving is about understanding rather than memorization.

6.2 Vietnamese teachers’ mathematics-related beliefs and the influence of these
beliefs on students’ mathematics performance
The Vietnamese mathematics teachers expressed strong agreement with statements indicating

that effort is important for student learning but provided inconsistent responses for many of the
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other beliefs investigated. For example, they expressed agreement with beliefs considered to be
both positive and negative predictors of student performance, such as beliefs about the certainty
of mathematics knowledge, mathematical problem-solving, and mathematics teaching. They also
expressed relatively low levels of self-efficacy. The multilevel analysis that investigated the
influence of teachers’ beliefs on student performance showed that teacher self-efficacy was a
significant positive predictor of student performance. Additionally, teachers’ beliefs that
mathematics knowledge is not certain were direct positive predictors of beliefs that mathematical
problem-solving is about understanding procedures which, in turn, were direct positive predictors

of beliefs in constructive teaching. These results will be discussed in greater detail below.

Teachers’ mathematics-related beliefs

Most of the Vietnamese teachers agreed with statements that effort is important to improve
mathematics learning (M = 3.15). This finding is consistent with teaching practices in Vietnam and
expectations regarding student learning. Teachers expect students to exhibit high performance in
tests and examinations, which may be because student grades are used to assess teacher
performance (Parandekar & Sedmik, 2016). Therefore, they encourage students to study hard to
achieve high grades. The results also supported research showing that teachers in Eastern
countries are more likely to stress the importance of effort compared to their peers in the West

(studying hard versus pleasurable learning, Leung, 2001).

The teachers expressed conflicting beliefs in most of the other belief constructs investigaged. For
example, regarding beliefs about the certainty of mathematics knowledge most teachers seemed
to agree overall that mathematics knowledge is not certain (M = 3.05), yet, only about half of
them agreed that “answers to questions in mathematics change as mathematicians gather more
information”, while over 60% of them believed that a mathematics problem has always only one
true answer. Agreement with beliefs that mathematics knowledge is certain and absolute are
consistent with prior research which showed that mathematics teachers in Asian countries tend to
emphasise the content of mathematics knowledge, while their peers in Western countries tend to

focus more on the process of doing mathematics (Leung, 2001).

The Vietnamese teachers tended to agree with statements expressing beliefs that mathematics is
useful (M = 3.26), yet many of them also expressed agreement with the statement that

“understanding mathematics is important for mathematicians, economists, and scientists but not
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for most people”. Ambiguity about the usefulness of mathematics is consistent with a tendency of
Asian teachers to view mathematics as developing abstract thinking skills, and that “developing
abstract thinking in students is one of the objectives of teaching mathematics” (Bryan et al., 2007,
p. 330). As a result, teachers focus little on applying mathematics to real-world situations. Bryan et
al.’s (2007) work showed that, although mathematics teachers in four regions (Mainland China,
Hong Kong, Australia, and the US) all valued mathematics, those from Eastern cultures tended to

emphasise the usefulness of mathematics in daily life less than their Western peers.

Vietnamese teachers also provided conflicting data about mathematical problem-solving.
Although most of them expressed agreement with beliefs indicating that mathematical problem-
solving is about understanding procedures (M = 3.17), nearly 57% of them also agreed that “it’s
not important to understand why a mathematical procedure works as long as it gives a correct
answer”, and over 45% of them agreed that getting a right answer in mathematics is more
important than understanding why the answer works. Again, beliefs that mathematical problem-
solving is more about the memorisation of procedures support the results of prior research
showing that mathematics teachers in Asian countries tended to emphasise rote learning, while

their Western peers tended to focus more on meaningful learning (Leung, 2001).

Another area where the teachers exhibited conflicting beliefs concerned the changeability of
mathematics ability. Although the teachers tended to believe that mathematics abiity can be
changed during the learning process (M = 2.90), only about half of them believed that students
who do not have high natural ability in mathematics are still capable of learning difficult math
material. A possible explanation for this finding is that, from the mathematics teachers’
perspective, due to large student numbers in classes, they may see a bigger picture where some
students can understand difficult mathematics materials and solve difficult mathematics problems
whereas others cannot. If teachers hold these beliefs, it may negatively influence their teaching
and, as a consequence, it may have negative effects on the process of mathematics teaching and
learning, especially with a new competence-based curriculum based currently being implemented

in Vietham.

The Vietnamese mathematics teachers also held inconsistent beliefs about mathematics teaching.
Many teachers expressed agreement with beliefs in transmissive teaching (M = 2.79). This is
consistent with other findings indicating that teachers in Eastern countries tend to emphasise the

provision of knowledge to students (Bryan et al., 2007) and with Ly and Brew’s (2010) work which
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showed that Vietnamese pre-service mathematics teachers tended to emphasise contructive
teaching less than their Australian peers. However, the empirical evidence from the present
research also revealed that the Vietnamese teachers simultaneously expressed agreement with
statements indicating beliefs in constructive teaching (M = 3.20). Specifically, they expressed
beliefs in statements expressing the importance of developing strategies and skills to solve
mathematics problems as well as integrating new information with students’ existing knowledge.
Agreement with these beliefs may be related to the fact that the teachers participated in training
programs organised by Ministry of Education and Training about teaching methods consistent with
the new competence-based mathematics curiculum. As a result, they had been exposed to
theories and practices on student-centred approaches in teaching mathematics. Agreement on

constructive teaching might also be the result of conformity with socially desirable norms.

The Vietnamese mathematics teachers expressed relatively low levels of self-efficacy beliefs (M =
2.56). Only about half of them agreed with statements indicating that they have no difficulties
answering students’ mathematics questions and that they are certain that they are good
mathematics teachers. Over 78% of them agreed that they often wonder whether they are

effective in monitoring mathematics activities.

The low self-confidence of the teachers in the present sample does not align with results of prior
research showing that Vietnamese pre-service mathematics teachers had high levels of self-
efficacy (M = 4.65, Ly & Brew, 2010). The results are also inconsistent with the finding that these
teachers’ students expressed relatively high levels of self-efficacy in their mathematics abilities. A
possible explanation for the low levels of self-efficacy in the teacher sample is that the teachers
were experiencing a transitional period of curriculum reform during which they had been exposed
to new information about mathematics teaching and learning without having enough time to fully
integrate it with their existing belief systems and teaching practices. As discussed earlier, many
teachers expressed conflicting beliefs about mathematics teaching, indicating agreement with
statements indicating beliefs both in transmissive and constructive teaching. It is possible that
their conflicting beliefs about mathematics learning and teaching made them to feel less confident

in their teaching.

In summary, the observed inconsistency in teachers’ beliefs about the nature of mathematics and
mathematics teaching in the present research may have occurred because Viethamese teachers

may have been exposed to new information about the teaching and learning of mathematics
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which was inconsistent with their existing methods of transmissive teaching as well as with certain
traditional beliefs about mathematics (e.g., mathematics knowledge is certain, problem-solving is
about memorisation), and which they may not have completely understood. The inconsistency in
teachers’ beliefs in the present research confirms recent research revealing teachers’ conflicting
beliefs, as in Vosniadou et al.”’s (2020) and Darmawan et al.’s (2020) work which showed
inconsistency in the beliefs of Australian pre-service teachers about self-regulated learning and

constructive and transmissive teaching.

The influence of the Vietnamese teachers’ mathematics-related beliefs on their students’

mathematics performance

The results of the first structural model using the data of all the mathematics teachers in the
sample provided some general ideas about the relationships among the 13 belief sub-constructs
included in the MBQ-T. Due to the fact that this model did not have good fit indices, many paths
were not significant, and the sample of mathematics teachers was small, results must be viewed
with caution. However, these results revealed some possible significant associations between
some types of beliefs. Five belief sub-constructs for the multilevel analysis were chosen based on

these results.

The final multilevel structural equation model with these five belief constructs was run 18
teachers and their students. The results showed that the teachers’ self-efficacy beliefs directly and
positively predicted student mathematics performance in all the three types of assessments
investigated (district mathematical exam, curriculum-based test, and PISA-based assessment). This
finding supports results of previous studies, such as those by Chang (2015), Rutherford et al.
(2017), and Perera & John (2020), which also showed direct associations between teachers’ self-
efficacy beliefs and students’ mathematics performance and provide further evidence for the

importance of these beliefs of teachers for student achievement.

Prior research has shown positive relationships between beliefs in constructivist teaching,
mathematical problem solving, and self-efficacy in teachers. For example, Peterson et al. (1989)
showed the positive influence of teachers’ constructivist beliefs on the performance of their
students in mathematical problem-solving tasks. Polly et al. (2013) found a significant positive
relationship between teachers’ beliefs in constructive teaching and students’ problem-solving
achievement and Voss et al. (2013) found that the constructivist beliefs of teachers were positively

related to students’ mathematics performance. However, the present research showed a non-
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significant path from beliefs about constructive teaching of mathematics to teacher self-efficacy
and to students’ performance.This may be because of the small number of teachers in the sample
or because the mathematics teachers held inconsistent beliefs about mathematics teaching,
expressing beliefs in both transmissive and constructive teaching of mathematics. Further

research with a larger number of teachers is required to investigate these relationships.

Due to the non-significant link between beliefs in constructive teaching and high self-efficacy, the
results showed no evidence that teachers’ beliefs about mathematical problem-solving predicted
students’ mathematics performance. However, an important result was that teachers’ beliefs that
mathematical problem-solving is about understanding procedures positively predicted their beliefs
in constructive teaching of mathematics. In other words, the more mathematics teachers believed
that mathematical problem-solving is about understanding procedures, the more they believed in
constructive teaching. This result is consistent with findings from many studies in the literature
showing links between teacher’ mathematics-related beliefs and their teaching. For example, Cross
(2009) argued that teachers’ beliefs about the nature of mathematics had strong links with beliefs
about mathematics pedagogy. This finding is also consistent with Liljedahl et al.’s (2007) finding that
teachers’ beliefs about the nature of mathematics influence their views on mathematics teaching
and learning and Saadati et al.’s (2019) result that both traditional beliefs (i.e., mathematics as fixed
procedures), and reformed beliefs (i.e., mathematics as a process of inquiry), significantly predicted

teacher-centred practices and student-centred practices respectively.

Although there have been some studies investigating teachers’ epistemological beliefs, such as
Chrysostomou and Philippou (2010) who found that teachers’ epistemological beliefs predict their
self-efficacy, little is known about teachers’ beliefs about the certainty of mathematics knowledge
and the association of these beliefs with students’ mathematics performance. However, the
results of the present research showed that teachers’ beliefs that mathematics knowledge is
malleable directly and positively predicted their beliefs that mathematical problem-solving is
about understanding procedures. This is an important finding that has not previously been
reported in the research literature. This finding provides empirical support to the arguments
regarding relationships between epistemological beliefs about mathematics and beliefs about
mathematics teaching and learning made in prior research (Depaepe et al., 2016; Schommer-

Aikins et al., 2010).

To summarise, there were three important findings of the present research regarding teachers’

mathematics related beliefs. First, the teachers were conflicted about many of their beliefs about
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mathematics, such as beliefs regarding the certainty of mathematics, the nature of mathematical
problem-solving, the malleability of students’ mathematics ability, and the nature of mathematics
teaching. This is probably because they had been exposed to new information about mathematics
learning and teaching not compatible with their teaching practices but did not have enough time
to integrate it within their belief systems. Second, the multivariate model showed that teachers’
self-efficacy directly predicted students’ mathematics performance, providing further support to
similar findings in the existing literature. Finally, the results also revealed some important
interrelations among teachers’ beliefs, such as beliefs that mathematics knowledge is not certain,
beliefs that mathematical problem-solving is about understanding procedures, and beliefs about
constructive teaching of mathematics. The interrelationships found in the present research
constitute new contributions to the research literature and provide empirical support to
arguments or hypotheses expressed in prior research about the association among
epistemological beliefs about mathematics, beliefs about the nature of mathematics, beliefs about
mathematics teaching and learning, and beliefs about the self as mathematics teachers with
students’ mathematics performance (Depaepe et al., 2016; Kloosterman, 1996; McLeod, 1992;

Schommer-Aikins et al., 2010).

6.3 Implications for the teaching and learning of mathematics in Vietham

The Vietnamese students were found to express agreement with a number of beliefs that the SEM
model showed to be positive predictors of mathematics achievement, such as that mathematics is
useful, effort is important to improve mathematics learning, and mathematics ability is malleable.
The students also had high self-efficacy beliefs and positive perceptions of their teachers’
practices, which the SEM model also showed to be positive predictors of mathematics
performance. Encouraging and further developing these beliefs is important for the improvement

of students’ mathematics learning in the future.

The SEM model also revealed some beliefs which were negative predictors of mathematics
performance, such as beliefs that mathematics knowledge is certain and that mathematical
problem-solving is about memorization rather than understanding. The investigation of the
differences between the students who were high and low mathematics performers also showed
that the students who performed well in the PISA-based test tended to believe less in the certainty
of mathematics knowledge, innate ability, and memorisation in mathematics learning. This

suggests that interventions to influence the development in these beliefs in the positive direction,
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can potentially improve mathematics self-efficacy and mathematics performance in all students
and especially the transfer of mathematics knowledge to unfamiliar and real-world situations.
Such intervention programs will navigate well with the requirements from the new competence-
based curriculum in Vietnam where teachers are required to focus more on constructive teaching
and on developing students’ competencies rather than on the transmission of mathematics
knowledge. These recommendations are consistent with the results of research by Mason and
Scrivani (2004), which showed educational interventions using novel learning environments can be

successful in improving the mathematics-related beliefs of students.

The findings of the research have implication also in the case of the Vietnamese mathematics
teachers. The present research found that the Vietnamese teachers had inconsistent beliefs about
the certainty of mathematics knowledge, mathematical problem-solving and mathematics teaching,
and that they also had relative low levels of self-efficacy. As discussed in the previous section, a
significant potential factor for this inconsistency might be that the Vietnamese teachers were
experiencing a transitional period of curriculum reform from a content-based to competence-based
approach. These findings indicate that there should be better teacher professional development
programs in Vietnam where the focus should be not only on developing the teachers’ knowledge
and skills of teaching, but also on strengthening and developing their beliefs about mathematics
learning and instruction. Although beliefs about mathematics are difficult to change some effective
strategies to change teachers’ non-availing beliefs have been reported in the literature (e.g., Lawson
et al.,, 2019). It would be ideal if these changes could be made in pre-service teacher training courses
by developing suitable curriculum and indicating the relationships between different beliefs and
their influence on teachers’ practices, as well as on students’ motivation and performance. Prior
research has shown that it is easier to influence the beliefs of pre-service and early career teachers
compared to experienced teachers. For instance, Anderson and Piazza (1996) found that pre-service
teachers’ beliefs may be changed based on different instructional pedagogy and classroom
environment, which supports the approach of constructivism. Blomeke et al. (2015) also
investigated the development of early career teachers’ beliefs. They found that their beliefs about
the nature of mathematics were more dynamic three years after completing their initial teacher
education courses. With regard to the Vietnamese education context, such interventions can be
especially significant once the mathematics curriculum reform has been implemented because, as
Handal and Herrington (2003) indicated, teachers’ mathematics-related beliefs and curriculum are

important to ensure the success of the implementation of a new curriculum, and that the “mismatch
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between curriculum goals and teachers' belief systems is a factor that affects current curriculum

change in mathematics education” (Handal & Herrington, 2003, p. 62).

6.4 Significance, limitations of the research and future directions

Significance of the research

The results of the present research provided for the first time data from a relatively large sample
of Vietnamese students and a smaller sample of Vietnamese teachers about their mathematics-
related beliefs, enabling comparisons between the beliefs of these students and teachers and their
peers from Asian and Western countries. The results further confirmed that mathematics-related

beliefs play an important role in the processes of mathematics teaching and learning.

Two mathematics-related beliefs questionnaires were constructed and validated, adding to the
existing literature. One important advantage of these questionnaires was the inclusion for each
belief construct of a sub-construct investigating beliefs hypothesized to be positive predictors of
student mathematics performance and another, investigating beliefs that were hypothesized to be
negative predictors. The results showed that particularly the Vietnamese teachers often provided
inconsistent responses, expressing agreement both with beliefs found to be positive predictors of
students” mathematics performance and with beliefs found to be negative predictors. This finding
highlights the importance of the provision of further professional development to teachers,
especially in the current educational context in Vietnam as it transitions to a more competence-

based curriculum and instruction.

The present study paid more attention to the investigation of relations among many different
belief constructs than previous research. Different categories of mathematics-related beliefs were
investigated, such as epistemological beliefs about mathematics, beliefs about the nature of
mathematics, beliefs about mathematics teaching and learning, and beliefs about self as a
mathematics learner. The structural equation modeling tested a host of predictions about the
possible relations amongst the various belief constructs and their relations to student
mathematics performance. The results obtained from the final SEM model helped to illuminate
and explain the absence of some significant relationships between specific belief constructs and
mathematics performance in some prior research. Overall, the results confirmed the importance
of the self-efficacy beliefs of both students and their teachers for student mathematics

performance. A number of other belief constructs were found to be indirect positive predictors of
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students’ mathematics performance, such as beliefs in the importance of effort, the usefulness of
mathematics, students’ positive perceptions of their teachers, the importance of considering
problem solving as depending on understanding rather than on memorization and on considering
mathematical ability as something that can be changed and improved. An important path was also
revealed, indicating that beliefs that mathematics knowledge is certain was a positive predictor of
beliefs that mathematics problem solving is about memorization and that both were indirectly

negative predictors of mathematics performance.

The results of the research have particular importance within the Vietnamese educational context
and help to further accentuate the importance of understanding the belief systems of students and

teachers and of the influences they exert on students’ mathematics learning.

Limitations of the research and future directions

The present research had some limitations. Mathematics-related beliefs consist of many multi-
faceted constructs. Within the scope of the present research, it was possible to investigate only
some of these belief constructs. In the final validated questionnaires, some (sub-) constructs were
not optimally represented consisting of only two or three items. One sub-construct was removed
from the students’ final structural model because it did not fit the data well. Further research is

needed to enrich, improve and validate the present instruments.

The sample of the teachers was very small and only five belief (sub-) constructs were included in
the final structural model that investigated the influence of teachers’ beliefs on students’
mathematical performance. Furthermore, considering that beliefs are not measured only by
closed questionnaires, further research is needed using interviews and alternative methodologies
to provide a more complete picture of the Viethnamese students’ and teachers’ mathematics-

related beliefs and their relationships to students’ mathematics performance.

6.5 Conclusions

The purpose of the present research was to investigate the influence of students’ and teachers’
mathematics-related belief system on students’” mathematics performance. Three following

research questions were comprehensively answered based on the empirical data.
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Research Question 1: What are the emergent profiles of Vietnamese students’ and teachers’
mathematics-related beliefs? And how do these profiles of students differ among female and male

students, and among low and high performers of problem-solving?

Research Question 2: How do students’ mathematics-related beliefs influence their mathematics

performance?

Research Question 3: How do teachers’ mathematics-related beliefs influence their students’

mathematics performance?

With respect to the first research question, the results showed that the Vietnamese students and
teachers tended to believe that effort is important to improve mathematics learning. The
Vietnamese students believed that mathematics is useful and mathematics ability can be changed.
They also had high self-efficacy beliefs and positive perceptions of their teachers’ practices. The
Vietnamese teachers held some conflicting beliefs regarding the certainty of mathematics, the
usefulness of mathematics, mathematical problem-solving, students’ mathematics ability, and
mathematics teaching, and they had relatively low self-efficacy beliefs. It was hypothesized that
the presence of opposing beliefs in the case of the teachers may be due to the fact that the

teachers were experiencing curriculum reform in Vietnam.

The present research also found that high mathematics performers tended to agree more strongly
than their peers who were low mathematics performers that mathematics is useful, mathematics
ability can be changed, that mathematics knowledge is not certain, and that mathematical
problem-solving is about understanding rather than memorization. In terms of gender differences,
the present research found that the girls performed better than the boys in the assessments used.
However, the boys performed better than the girls in the group of high performing students,
based on their scores in the PISA based assessment. The girls in the sample were more likely to
believe that mathematics is useful and tended to have better perceptions of their mathematics
teacher than boys. In contrast, boys tended to believe that mathematical problem-solving is about

memorising procedures more than did girls.

With regards to the second research question, the structural equation modelling showed that 14
out of 16 path coefficients from the student structural model were significant. The results revealed
that, in general, students’ mathematics-related beliefs had hierarchical relationships to each other
and to mathematics performance. Specifically, the results showed that students’ beliefs that
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mathematics ability can be changed directly and positively predicted self-efficacy beliefs which, in
turn, were direct positive predictors of their mathematics performance. Additionally, the findings
of the present research showed that there were interrelationships among the different types of
beliefs investigated, namely, among beliefs that mathematics knowledge is certain, beliefs that
mathematics is useful, beliefs that mathematical problem-solving is about understanding
procedures, beliefs that mathematical problem-solving is about memorising procedures, and
students’ perceptions of their teachers’ practices. Finally, the findings also confirmed that the
Vietnamese students expressed high agreement with beliefs that effort is important to improve

mathematics learning.

With respect to the third research question, the results of the multilevel SEM showed hierarchical
relationships among teachers’ beliefs and students’ mathematics performance. Specifically,
teachers’ high self-efficacy beliefs in their mathematics teaching directly predicted students’
mathematics performance. It was also shown that beliefs that mathematical problem-solving is
about understanding procedures directly predicted teachers’ beliefs about constructive teaching
of mathematics, and that teachers’ beliefs that mathematics knowledge is not certain directly and
positively predicted their beliefs that mathematical problem-solving is about understanding

procedures.
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Appendix A: Research Ethics Approval

APPROVAL NOTICE

Project No.: 8181

The Influence of Students' and Teachers' Mathematics-Related Beliefs on

Project Title: .
roject 1 Students' Mathematics Performance

Principal Researcher: | Mr Xuan Cuong Dang

Email: dang0107 @flinders.edu.au

Approval Date: [ 26 October 2018 Ethics Approval Expiry Date: 28 February 2021

The above proposed project has been approved on the basis of the information contained in the
application, its attachments and the information subsequently provided with the addition of the
following comment(s):

Additional information required following commencement of research:

1. Permissions
Please ensure that copies of the correspondence granting permission to conduct the
research from the Nghe An Department of Education and Training; and permissions from
the School Principals are submitted to the Committee on receipt. Please ensure that the
SBREC project number is included in the subject line of any permission emails forwarded
to the Committee. Please note that data collection should not commence until the
researcher has received the relevant permissions (item D8 and Conditional approval
response — number 14).
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Adelaide SA 5001

of Education and Training Tel: +61 8 8201 7800

stella.vosniadou@flinders.edu.au

https://www.flinders.edu.au
CRICOS Provider No. 00114A

LETTER OF INTRODUCTION - PERMISSION REQUEST
(Department of Education and Training)

Dear Sir/Madam,

This letter is to introduce Xuan Cuong Dang who is a PhD student in the College of Education, Psychology
and Social Work at Flinders University. He is undertaking research leading to the production of a thesis or
other publications on the subject of the influence of students’ and teachers’ mathematics-related beliefs on
students’ mathematics performance.

The mathematics-related beliefs of students and teachers have been found to have significant effects on
students’ mathematics performance. This research has so far been conducted in Western countries but only
a few studies, incomplete studies, exist in Asian countries. Furthermore, there is no research on this topic in
Vietnam. The present research will investigate in great detail the beliefs that Vietnamese students and
teachers have about mathematics and will determine the effects that these beliefs have on students’
performance. The results of the research will help educators, researchers and stakeholders in Vietnam to
have a better understanding of factors that affect mathematics performance and will be invaluable in
providing suggestions for changes in curricula and instruction that will improve the teaching and learning of
mathematics in Vietnamese schools.

| would like to have your permission for Xuan Cuong Dang to be in contact secondary schools in your
province to ask their participation in this project. The teachers will be asked to complete a questionnaire
and the students will complete a questionnaire and also take a mathematics test. Some teachers and
students will be also invited to participate in the interview sessions. No more than 1.5 hours on all activities
would be required in each school.

The information provided will be treated in the strictest confidence and none of the participants will be
individually identifiable in the resulting thesis, report or other publications.

Any enquiries you may have concerning this project should be directed to me at the address given above or

stella.vosniadou@flinders.edu.au.

Yours sincerely

Stella Vosniadou

Strategic Professor, College of Education, Psychology and Social Work

This research project has been approved by the Flinders University Social and Behavioural
Research Ethics Committee (Project number 8181). For more information regarding ethical
approval of the project the Executive Officer of the Committee can be contacted by telephone on

8201 3116, by fax on 8201 2035 or by email human.researchethics@flinders.edu.au
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Appendix C: Letter of Introduction for School Tel: +618 8201 7800
stella.vosnlad_ou@flmders.edu.au
Principals o Provmn o o

LETTER OF INTRODUCTION — PERMISSION REQUEST
(School Principals)

Dear Sir/Madam,

This letter is to introduce Xuan Cuong Dang who is a PhD student in the College of Education, Psychology
and Social Work at Flinders University. He is undertaking research leading to the production of a thesis or
other publications on the subject of the influence of students’ and teachers’ mathematics-related beliefs on
students’ mathematics performance.

The mathematics-related beliefs of students and teachers have been found to have significant effects on
students’ mathematics performance. This research has so far been conducted in Western countries but only
a few studies, incomplete studies, exist in Asian countries. Furthermore, there is no research on this topic in
Vietnam. The present research will investigate in great detail the beliefs that Vietnamese students and
teachers have about mathematics and will determine the effects that these beliefs have on students’
performance. The results of the research will help educators, researchers and stakeholders in Vietnam to
have a better understanding of factors that affect mathematics performance and will be invaluable in
providing suggestions for changes in curricula and instruction that will improve the teaching and learning of

mathematics in Vietnamese schools.

| would like to have your permission for Xuan Cuong Dang to be in contact the 9t grade teachers and
students in your school to ask their participation in this project. The teachers will be asked to complete a
guestionnaire and the students will complete a questionnaire and also take a mathematics test. Some
teachers and students will be also invited to participate in the interview sessions. No more than 1.5 hours
on all activities would be required.

The information provided will be treated in the strictest confidence and none of the participants will be
individually identifiable in the resulting thesis, report or other publications.

Any enquiries you may have concerning this project should be directed to me at the address given above or
stella.vosniadou@flinders.edu.au.

Yours sincerely

Stella Vosniadou

Strategic Professor, College of Education, Psychology and Social Work

This research project has been approved by the Flinders University Social and Behavioural
Research Ethics Committee (Project number 8181). For more information regarding ethical
approval of the project the Executive Officer of the Committee can be contacted by telephone on

8201 3116, by fax on 8201 2035 or by email human.researchethics@flinders.edu.au
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Appendix D: Information Sheet for Mathematics Teachers

Teacher Information Sheet

Title: The Influence of Students’ and Teachers’ Mathematics-related Beliefs on Students’ Mathematics

Performance

Principal Researcher: Xuan Cuong Dang

Associate Researchers: Professor Stella Vosniadou and Dr Mun Yee Lai
Location: Flinders University

1. Introduction

You are invited to take part in the research project: The Influence of Students’ and Teachers’ Mathematics-
related Beliefs on Students’ Mathematics Performance.

This Information sheet provides information about the research project. Knowing what is involved will help you
decide if you want to take part in the research. Please read this information carefully. Ask questions about
anything that you don’t understand or want to know more about.

2. What is the purpose of this research?

The purpose of the present research is to investigate Vietnamese students’ and teachers’ mathematics-related
beliefs and understand how these beliefs influence students’ mathematics performance.

3. Why is this research necessary?

Research in Western countries has shown that students’ beliefs about mathematics influence
mathematics performance. This research has not been done in Vietnam. The present research project will
investigate students’ and teachers’ beliefs about mathematics and will determine whether they have an
effect on students’ mathematics performance. The research has implications about the teaching on
mathematics and can result in recommendations that will improve students’” mathematics performance in
Vietnam.

4. What does participation in this research involve?

If you choose to participate in this research, we will ask you to answer a questionnaire. The questionnaire
includes questions about your mathematics-related beliefs. The questionnaire will take about 30 minutes to

complete.
5. Other relevant information about the research project

Participation in this research will begin only once you have read this information sheet and agree to participate
in this research.

Participation in this research project is voluntary. If you do not wish to take part, you do not have to. If you do
consent to participate, you may withdraw at any time, but please notify the researcher before you withdraw.

6. Who is organising and funding the research?
This research project is being conducted by Xuan Cuong Dang, PhD students, Professor Stella Vosniadou,

and Dr Mun Yee Lai at Flinders University.
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7. Who has reviewed the research project?

The research project has been reviewed and approved by the Social and Behavioural Research Ethics
Committee of Flinders University, Australia and by the Department of Education and Training of the Nghe
An province.

8. Further information and who to contact

If you would like to have any further information concerning this project or if you have any problems which
may be related to your involvement in the project, you can contact the principal researcher:

Name Xuan Cuong Dang
Position PhD student at Flinders University
Email dang0107 @flinders.edu.au
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Appendix E: Information Sheet for Parents

Parent Information Sheet
(Questionnaire and Mathematics Test)

Title: The Influence of Students’ and Teachers’ Mathematics-related Beliefs on Students’ Mathematics
Performance

Principal Researcher: Xuan Cuong Dang

Associate Researchers: Professor Stella Vosniadou and Dr Mun Yee Lai
Location: Flinders University

1. Introduction

Your child is invited to take part in the research project: The Influence of Students’ and Teachers’ Mathematics-
related Beliefs on Students’ Mathematics Performance.

This Information Sheet provides information about the research project. Knowing what is involved will help you
decide if you allow your child to take part in the research. Please read this information carefully. Ask questions
about anything that you don’t understand or want to know more about.

2. What is the purpose of this research?

The purpose of the present research is to investigate Vietnamese students’ and teachers’ mathematics-related
beliefs and understand how these beliefs influence students’ mathematics performance.

3. Why is this research necessary?

Research in Western countries has shown that students’ beliefs about mathematics influence
mathematics performance. This research has not been done in Vietnam. The present research project will
investigate students’ and teachers’ beliefs about mathematics and will determine whether they have an
effect on students’ mathematics performance. The research has implications about the teaching on
mathematics and can result in recommendations that will improve students’ mathematics performance in

Vietnam.
4. What does participation in this research involve?

If your child participates in this research, we will ask him/her to answer a questionnaire and to take a
mathematics test. The questionnaire will take about 30 minutes to complete and the mathematics test will
take 45 minutes to complete.

5. Other relevant information about the research project

Participation in this research project is voluntary. If you do not wish your child to take part, you do not have to.

If you do consent to participate, your child may withdraw at any time.

If you do decide NOT to allow your child to participate in the research project please sign the Consent Form
that has been sent to you.

6. Who is organising and funding the research?

This research project is being conducted by Xuan Cuong Dang, PhD students, Professor Stella Vosniadou,
and Dr Mun Yee Lai at Flinders University.
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7. Who has reviewed the research project?

The research project has been reviewed and approved by the Social and Behavioural Research Ethics
Committee of Flinders University, Australia and by the Department of Education of the Nghe An province.

8. Further information and who to contact

If you want any further information concerning this project or if you have any problems which may be
related to your child’s involvement in the project, you can contact the principal research:

Name Xuan Cuong Dang
Position PhD student at Flinders University
Email dang0107@flinders.edu.au
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Appendix F: Descriptive Statistics of MBQ-S

Total Construct
item . Statement N Missing Skewness Kurtosis
No. item No.
I. Beliefs about the Certainty of Mathematics Knowledge (CMK)
1 CMK1 Most of what is true in math is already known (-) 608 1 0.401 -0.116
2 CMK2 Math is really just knowing the right formula for the problem (-) 604 5 0.31 -0.308
3 CMK3 L:;esfaeri]z r;rit;;e;??r)er who shows students lots of different ways to look at 607 ) 1.495 1921
4 CMKA4 Mathematical theories are the product of creativity (+) 592 17 -0.689 0.74
5 CMK5 In math, the answers are always either right or wrong (-) 594 15 -0.192 -1.007
6 CMK6 There is no place for students to be creativity in math class (-) 607 2 1.211 1.062
7 CMK7 Math problem has always only one true answer (-) 604 5 0.027 -1.183
3 CMKS {-\nswers .to guestions in math change as mathematicians gather more 606 3 0.166 0.654
information (+)
Il. Beliefs About Usefulness of Mathematics (UoM)
9 UoM1 | study math because | know how useful it is (+) 608 1 -0.841 0.388
10 UoM?2 Knowing math will help me earn a living (+) 598 11 -0.618 0.2
11 UoM3 Math is a worthwhile and necessary subject (+) 593 16 -1.557 2.73
12 UoM4 Math will not be important to me in my life’s work (-) 606 3 -1.028 0.263
13 UoM5 Math is of no relevance to my life (-) 592 17 1.442 1.22
14 UoM6 Studying math is a waste of time (-) 606 3 2.881 9.426
Understanding math is important for mathematicians, economists, and
15 UoM7 scientists but iot for mostppeople (-) 608 ! 0.964 0.289
16 UoM38 The only reason | would take a math class is because it is a requirement (-) 607 2 0.667 -0.381
It is important to see the connections between the math | learn in class and
17 UoM9 real_wg’rl d applications (+) 605 4 -0.912 0.708
18 UoM10 Ma'Fh provides the foundation for most of the principles used in science and 603 6 0.659 0211
business (+)
19 UoM11 | Math helps us better understand the world we live in (+) 606 3 -0.553 0.053
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I1l. Beliefs About Mathematical Problem-Solving (MPS)

There are math problems that just can’t be solved by following a

20 MPS1 . 588 21 -0.533 0.024
predetermined sequence of steps (+)

21 MPS2 Math problems can be solved without remembering formulas (+) 603 6 0.985 0.439

22 MPS3 Memorizing steps is not that useful for learning to solve math problem (+) 604 5 0.707 -0.491

’3 MPS4 Learning to do math problems is mostly a matter of memorizing the right 605 4 0.034 0.772
steps to follow (-)

24 MPSS Time used to investigate why a solution to a math problem works is time 594 15 .0.788 1275
well spent (+)

55 MPSG A student wr)o doesn’t understand why an answer to a math problem is 609 0 0.234 0.568
correct hasn’t really solved the problem (+)

26 MPS7 In addition to ge'Ftlng a right answer in math, it is important to understand 606 3 1,633 5 544
why the answer is correct (+)

57 MPSS It’s not !mportant to understand why a mathematical procedure works as 608 1 0.496 0.033
long as it gives a correct answer (-)

)8 MPS9 Getting a right answer in math is more important than understanding why 605 4 0.254 -0.682
the answer works (-)

59 MPS10 It doesn’t rea.mlly matter that you understand a math problem as long as you 608 1 1263 1174
can get the right answer (-)

IV. Beliefs About the Importance of Effort (BaE)

30 BaE1l Math problems that take a long time don’t bother me (+) 605 4 -0.433 0.154

31 BaE2 | feel | can do math problems that take a long time to complete (+) 609 0 -0.257 0.189

32 BaE3 | find | can do hard math problems if | just keep trying (+) 609 0 -0.426 0.126

33 BaE4 If | can’t do a math problem in a few minutes, | probably can’t do it at all (-) 605 4 0.716 -0.049

34 BaE5 If | can’t solve a math problem quickly, I quit trying (-) 607 2 0.656 -0.022

35 BaE6 I’'m not very good at solving math problems that take a long time to figure 599 10 -0.326 017
out (-)

36 BaE7 By trying hard, one can become smarter in math (+) 605 4 -0.768 0.281

37 BaE8 Studying hard can improve one’s ability in math (+) 609 0 -0.55 0.241

38 BaE9 | can get smarter in math by trying hard (+) 607 2 -1.223 1.45

39 BaE10 Ability in math increases when one knows the right strategies (+) 609 0 -0.659 0.353
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40 BaE1ll Appropriate study skills can increase one’s ability to do math (+) 608 1 -0.564 0.002
41 BaE12 | can get smarter in math if | know how to solve math problems (+) 608 1 -0.718 0.602
V. Beliefs About Mathematics Ability (MA)
42 MA1 When I’'m having trouble in math class, better study habits can make a big 608 1 0.567 0.387
difference (+)
43 MA2 I’'m confident | could learn math if | had better study strategies (+) 609 0 -0.864 0.699
44 MA3 When | don’t understand something, | keep asking questions (+) 609 0 -0.555 -0.059
45 MA4 Learning good study skills can improve my math ability (+) 609 0 -0.786 0.753
16 MAS Math is like fa foreign language to me and even if | work hard, I'll never really 608 1 1235 1.02
understand it (-)
47 MAG6 | knew at an early age what my math ability was (-) 602 7 0.42 -0.358
48 MA7 It is frustrating when | have to work hard to understand a problem (-) 603 6 0.81 0.401
49 MAS | can learn r?ew things in math, but | can’t really change the math ability | 592 17 0.215 -0.894
was born with (-)
50 MA9 I’'m just not a math student (-) 604 5 1.051 0.903
VI. Students' Self-Efficacy Beliefs (SelfE)
51 SelfEl | feel confident enough to ask questions in my mathematics class (+) 608 1 -0.425 -0.064
52 SelfE2 | am certain that | can do well in my math tests (+) 609 0 0.052 -0.251
53 SelfE3 | can complete all of the assighments in my mathematics course (+) 608 1 0.043 -0.369
54 SelfE4 | will be able to use mathematics in my future career when needed (+) 607 2 -0.962 0.69
55 SelfE5 | feel that | will be able to do well in future mathematics courses (+) 608 1 -0.496 0.545
56 SelfE6 | feel confident when using mathematics outside of school (+) 609 0 -0.486 0.07
57 SelfE7 | am afraid to give an incorrect answer during my mathematics class (-) 604 5 0.073 -0.766
58 SelfEs I(\;vorry that | will not be able to get a good grade in my mathematics course 604 5 -0.253 -0.547
59 SelfE9 | feel stressed when listening to mathematics teachers in class (-) 603 6 0.713 -0.105
VII. Students' Perceptions of Teachers' Practices (Per)
60 Perl My math teacher is friendly to us (+) 605 4 -1.431 2.422
61 Per2 My math teacher listens carefully when we ask questions or say something 607 5 1,955 1291

(+)
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My math teacher understands the problems and difficulties we experience

62 Per3 (+) 607 -0.702 0.426

63 Perd My math teacher tries to make math lessons interesting (+) 602 -0.935 0.878

64 Per5 My math teacher does not really care how we feel in class (-) 608 0.943 -0.063

65 Per6 My math teacher appreciates it when we have tried hard, even if our results 603 .0.55 -0.542
are not so good (+)

66 Per7 My math teacher really wants us to enjoy learning new things (+) 607 -0.967 1.19

67 Per8 My math teacher thinks mistakes are bad (-) 602 0.26 -0.495

63 Per9 My math teacher thinks mistakes are okay as long as we are learning 606 -0.469 0.674
something from them (+)

69 Perio My math tfeacher first shows step F)y step.ho.w to solv.e a specific 609 0.841 0.507
mathematical problem, before giving us similar exercises (+)

70 Perll My math teacher explains why math is important (+) 604 -0.775 0.226

71 Peri2 My rTwath teac‘her gives us time to really explore new problems and try out 600 1,143 1.496
possible solution procedure (+)

77 Peri3 My math teachgr Wants us to understand the content of this math course, 607 -1.058 -0.158
not just memorize it (+)

73 Perl4 My math teacher lets us do a lot of group work in this math class (+) 604 -0.34 -0.453

74 Perl5 My math teacher shows us different strategies to solve problems (+) 608 -0.726 0.504

75 Perl6 My math teacher teaches us strategies to remember important math 606 1,956 1.79
procedures (+)

76 Perl7 My math teacher teaches us strategies to evaluate our problem solutions (+) 600 -0.457 0.652
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Appendix G: Descriptive Statistics of MBQ-T

Total Construct
Item . Statement Missing | Skewness Kurtosis
item No.
No.
I. Beliefs About the Certainty of Mathematics Knowledge (CMKt)
1 CMKt1 Most of what is true in math is already known (-) 45 0.162 0.237
2 CMKt2 Math is really just knowing the right formula for the problem (-) 45 0.000 0.386
3 CMKE3 It is better when a math teacher shows students lots of different 46 0 0.181 9,059
ways to look at the same problem (+)
4 CMKt4 Mathematical theories are the product of creativity (+) 43 3 -0.052 -0.364
5 CMKt5 In math the answers are always either right or wrong (-) 46 0 -0.008 -0.257
6 CMKt6 There is no place for students to be creative in math class (-) 45 1 -0.678 0.127
7 CMKt7 Math problem has always only one true answer (-) 46 0 -0.513 0.318
3 CMKLS Answgrs to Ql,.IeStIOFIS in math change as mathematicians gather 45 1 -0.128 -0.084
more information (+)
Il. Beliefs About the Usefulness of Mathematics (UoMt)
9 UoMtl | teach math because | know math is useful (+) 44 2 -0.148 -1.121
10 UoMt2 Knowing math will help people earn a living (+) 46 0 -0.112 -0.056
11 UoMt3 Math is a worthwhile and necessary subject (+) 46 0 0.089 -1.028
12 UoMt4 Math will not be important to students in their life’s work (-) 46 0 -0.158 1.899
13 UoMt5 Under‘stan.dmg math is important for mathematicians, economists, 45 1 0.184 -0.062
and scientists but not for most people (-)
14 UoMt6 The (.)nly reason students would take a math class is because it is a 16 0 0.364 0.584
requirement (-)
15 UoMt7 It is |rT1portant to see the conne.ctlo_ns between the math students 16 0 1276 3.467
learn in class and real world applications (+)
16 UoMt8 M.ath provides 'the foundation for most of the principles used in 16 0 0.241 -0.128
science and business (+)
17 UoMt9 Math helps us better understand the world we live in (+) 46 0 -0.135 -0.583
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I1l. Beliefs About Mathematical Problem-Solving (MPSt)

There are math problems that just can’t be solved by following a

18 MPSt1 . 46 0.164 1.010
predetermined sequence of steps (+)

19 MPSt2 Math problems can be solved without remembering formulas (+) 46 0.822 0.783

20 MPSt3 Memorizing steps is not that useful for learning to solve math 46 0.474 -0.243
problems (+)

51 MPSt4 L.earnlng to do math problems is mostly a matter of memorizing the 46 0.654 2979
right steps to follow (-)

99 MPSt5 Tlme used to investigate why a solution to a math problem works, is 45 0.877 0.946
time well spent (+)

53 MPSt6 Astudent who’doesn tunderstand why an answer to a math problem 45 0.022 -0.560
is correct hasn’t really solved the problem (+)

24 MPSt7 In addition to getting a rlght answer in math, it is important to 16 0365 1.954
understand why the answer is correct (+)

75 MPSt8 It's not |mportar‘1t 'Fo understand why a mathematical procedure 44 -0.632 -0.739
works as long as it gives a correct answer (-)

26 MPSt9 Getting a right answer in math is more important than understanding 44 0.156 -0.286
why the answer works (-)

57 MPSt10 It doesn’t really matter whether or nF)t students understand a math 45 0.069 0.974
problem as long as they can get the right answer (-)

IV. Beliefs About Mathematics Teaching (Teach)

)8 Teachl Itis important for teachers to teach students strategies to solve math 16 0.559 1.767
problems (+)

79 Teach2 Students . \.NI|| Iez?lrn math better if teachers let them have 45 0211 0175
opportunities to discuss math (+)

30 Teach3 Tejachers. sho.ul.d teach students ways to integrate new information 16 1597 7 388
with their existing knowledge of math (+)

31 Teacha Teaching math involves mostly the transmission of math knowledge 16 1.402 5939
from teachers to students (-)

37 Teachs Telling students the correct answers in math is the most important 16 -0.581 0.674

task for teachers (-)
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The main goal of teaching math is to increase the amount of

Teach 4 14 -0.422

33 eachb knowledge in the students’ memory (-) 6 0 0.143 0

34 Teach? Teachers car) help stuFients learn math when they teach them 16 0 -1.305 5377
problem solving strategies (+)

35 Teachs E()epeatlng math knowledge in class is necessary for students learning 43 3 0.055 0.800
Math learning depends mostly on how good the teacher is to tell

Teach 4 1 -0.011 -0.202

36 eachd students what they need to know about math (-) > 0.0 0.20

37 Teach10 Studgnts I.earn best when they develop their mathematical problem 16 0 -0.128 -0.684
solving skills (+)

38 Teachll The ma.m goal of teaching math is to help students develop learning 46 0 0.048 0.168
strategies in math (+)

V. Teachers’ Self-Efficacy Beliefs (SelfEt)

39 SelfEt1l | am certain | can teach math concepts effectively (+) 46 0 -0.276 0.106

40 SelfEt2 | have no difficulties answering students’ math questions (+) 45 1 0.075 -0.232

41 SelfEt3 | am certain that | am a good teacher of math (+) 44 2 0.709 -0.420

42 SelfEta :_C)then wonder whether | am effective in monitoring math activities 16 0 -0.451 0.666

43 SelfEts Sometlmesldqubt whether | understand math concepts well enough 16 0 0.050 -0.192
to be an effective math teacher (-)

44 SelfEt6 | wonder if | have the necessary skills to teach math (-) 46 0 -0.272 -2.016

45 SelfEty G|ven.a choice, | will not invite the principal to evaluate my math 46 0 0.596 0.567
teaching (-)

46 SelfEt8 Often | do not know what to do to turn students on to math (-) 44 2 0.142 1.693

VI. Beliefs about the role of students’ Effort in their learning (BaEt)

47 BaEtl By trying hard, one can become smarter in math (+) 46 0 0.108 2.491

48 BaEt2 Studying hard can improve one’s ability in math (+) 46 0 0.654 2.904

49 BaEt3 Students can get smarter in math by trying hard (+) 46 0 0.313 0.086

50 BaEt4 Ability in math increases when one knows the right strategies (+) 46 0 0.879 -1.285

51 BaEt5 Appropriate study skills can increase one’s ability to do math (+) 45 1 0.215 0.500
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52 BaEt6 Students can get smarter in math if they know how to learn math 45 -1.082 4.860

problems (+)
VII. Beliefs about Students’ Mathematics Ability (MAt)

53 MAt1 !Setter study habits are the key to success for students who struggle 44 0.138 0176
in math (+)

54 MAL2 Student.whoidf)esn t have high .natural ability in math is still capable 45 -0.252 -0.400
of learning difficult math material (+)

55 MAt3 Learning good study skills can improve a students’ math ability (+) 46 0.516 1.058

56 MAt4 Some people are born with great math ability and some aren’t (+) 46 -0.354 0.615

57 MAt5 Math ability is really just something students are born with (-) 45 1.269 11.136

58 MAL6 The smartest. math students. don’t have to do many problems 46 -0.660 0.537
because they just get them quickly (-)

59 MAt7 It is frustrating for students to have to work hard to understand a 44 0585 -0.018
problem (-)
Students can learn new things in math, but they can’t really change

MA 4 21 -0.
60 8 the math ability they were born with (-) > 0.213 0.036
61 MAt9 rI\]/(I)(?[s(t-)people know at an early age whether they are good at math or 45 -0.637 3.747
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