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Abstract

While thus far mathematics researchers have tended to concentrate on procedural
knowledge, in the last few decades, there has been increasing interest in conceptual
knowledge. Therefore, the present dissertation highlights the importance of teaching
mathematics conceptually alongside the teaching of procedural knowledge from
researchers’ and educators’ perspectives. In addition, it investigates how teaching for
conceptual understanding affects students’ achievement in, anxiety about, and attitude

toward mathematics.

This study draws on interviews with thirty secondary school mathematics teachers from
the Erbil city in the Kurdistan Region of Iraq, regarding their views on the conceptual
aspect of mathematical knowledge. The three main aspects of the study are focused on:
mathematics teacher's perspectives on teaching mathematics conceptually; mathematics
teachers' need to teach conceptually, and the obstacles that face them in teaching
mathematics conceptually. Furthermore, an experimental approach is utilized to evaluate
200 secondary school students from the same area. In the experimental group, conceptual
teaching was the focus. While, in the control group, conventional teaching was used.
Pretests and posttests for an achievement test, abbreviated Math Anxiety Scale, and
Mathematics Attitude Scale were applied to both the treatment and control groups to
reveal the effect of conceptual knowledge on students’ achievement in, anxiety about,

and attitude toward mathematics, respectively.

A thematic analysis of the interviews with secondary school mathematics teachers reveals
that they believe that conceptual knowledge is as important as procedural knowledge.
They believe that achieving a balance between conceptual and procedural understanding
as well as connections between them, are necessary for understanding real mathematics.
Furthermore, the pretest and posttest results with secondary school students show that
there is a statistically significant difference in mathematics achievement between the two
groups (p < .001). Students’ attitudes toward mathematics in the treatment group
developed positively. Nevertheless, teaching mathematics conceptually reduced anxiety

among female students more effective than it did among male ones.



Table of Contents

N 0L = Tod OSSR 3
TabIE OF CONENTS ... e e enes 4
LISE OF FIQUIES ...t bbbt 6
LISE OF TADIES......eieeiee et nte e reene e 7
I A0 N (0] )Y/ o TSSO PP 7
ACKNOWIEAGMENTS ...ttt sre e sae e neenre e 8
(08 T o) (=1 @ - OSSPSR 9
R 1140 T [FTox o] [PPSR 9
1.1.  Rational and Background...........ccccceiiieiieiiiiie i 9
1.2.  The Significance of The STUAY........cooiiiiiiii e 10
1.3, Problem StateMENT .........cccoiiiiiieie e 12
14, HYPOTNESIS ... 14
1.5.  Purpose of The Study and Research QUESHIONS............cccovvevviiieniienisie e 14
1.6.  Outline of The Whole DiSSErtation .............ccoceveririenieiieienese e 15
(08T o) (=] IV TSSO 18
2. LITErature REVIEW .......ocieiiieie ettt 18
2.1.  Conceptual KNOWIEAQE .......ccceeiviiieiieiie et 19
2.2.  Procedural KNOWIEAQE .........ooiiiiiiiiiiieee e 21
2.3. Relationship Between Conceptual and Procedural Knowledge........................ 22
2.3.1.  Different Terms for Conceptual and Procedural Knowledge.................... 24
2.3.2.  Instrumental MathematiCs..........cccovirieiiieiiee e 25
2.4. Importance of Conceptual Knowledge in Teaching Mathematics................... 26
2.5.  Metacognition and Conceptual Knowledge............ccoevvviiiiii i 28
2.6. Students’ Problem with Conceptual Knowledge in Kurdistan Region of Iraq.29
2.6.1.  The Three Main Aspects of Students' Understanding .............ccccevvevvrennne. 29
2.6.2.  Relation Between the Three Perspectives..........ccoceoevereneneninenieeieeeen, 32
2.7.  MathematiCS ANXIELY .....cceiiiiriiiiiisieee bbb 33
2.7.1.  ROIE OF TEACNEIS ...t 34
2.7.2. ROIE OF PArENTS.....coiiieiiiie s 34
2.7.3.  The Relation Between Mathematics Anxiety and Mathematics
ACNTBVEIMENT ...ttt bbbttt 35



2.7.4.  The Relation Between Teaching Conceptually and Mathematics Anxiety

35

2.7.5.  Gender Difference and Mathematics ANXI€tY ........ccccccvrvrreriieneniinsiennenns 36
2.7.6.  Starting and Developing Students’ Mathematics AnXiety.........ccccccevvennenn 37

2.8. Attitude Toward MathematiCs.........cccururriiriineniiirieeeee e 37
2.9. Gender Difference in MathematiCs ..........ccoovririiiininiininee s 38
2.10.  AcademiC AChIEVEMENT.......ccciiiiiiieieie e e 40
2.11.  Contribution t0 The LItEratUre..........ccoviiereeieiierieeie e 40
2.12.  Chapter SUMMAIY .......cooiiiiiiiiisiseeiee e 41
CRAPLET TRIEE ...ttt 42
3. METhOUOIOGY ... ettt 42
3.1.  Methods and MethodolOogy .........ccccoeieiiiiiiiiie s 42
3.2, StUAY POPUIALION ..ot 42
3.3, PAIICIPANTS ...ttt nre s 43
3. INSTIUMENTS ...ttt nre e n e e b e e ne e 46
I N 1 1] Y/ 11 SOOI 47
34.2.  EXPEIIMENT..cuiiiiiiiiiiieite ettt b bbbt 48
343, QUESHIONNAIIE .....eveenieiiie et eie sttt e e ee e te e sneestaeaesneesreeneeaneenreas 49

3.5, RESEAICN ELNICS ..cuviiviiiieciee ettt 50
3.6. Evidence of Validity and Reliability............ccoooiiiiiiiiiie 50
3.7.  The Education System in Kurdistan.............cccooveveiiiieiie e 52
3.8.  Research FOCUS and DESIGN ........ccceiieiiiiieiic ittt 52
3.9. Implementation of Teaching Conceptually.............cccovveiiiiiiiiiiiece e 53
3.10.  If Students Understand Mathematics Conceptually, They Can Answer These
KNGS OF QUESTIONS ...ttt ettt ettt ere e e e ate e et e e e ebe e e e beeesbeeesnbeaens 55
311, Research ParadigMm ......cccvoiieiiiiciie et 56
312, Chapter SUMIMANY .......ooiiiiieieeieieie ettt sttt 58
CRAPTET FOUT ...ttt b e bbbt 59
4.  Data Analysis and RESUILS .........ccoiiiiiiiiere e 59
I 1] (=T V] T S PSSSPSSRRR 59
4.1.1. Sample of INterviews TranSCript ......cccvveiieeiieii e 63

4.2. EXPeriment and SUIVEY ........cccoiieiiiieiienie ettt sttt 69
4.2. CRAPLEI SUMIMAIY .....viiiiiitieieeiiestie et e sttt et ee st esbesste st e sbeeae s e sbeenbesneenbeas 75
CRAPLET FIVE ...ttt b e b et re e nbeennesne e b e 76
5. Discussion and CONCIUSION .........coiiiiiiinieieie s 76
5.1 INEEIVIBW 1.ttt bbbttt sttt 77



5.2, EXPEIIMENT ...ttt bbb 80

ST A 00 0 [od 11 [ o SRR 85
5.4. Recommendations and SUQQESLIONS........cceiueieereerieiieieesiesee e see e sreesae e sneas 87
5.5. Limitation of the StUAY .........cccoiieiiic e 88
RETEIBNCES ... e ettt bbbt 90
N o] 0T g0 o= OSSPSR 116

List of Figures

Figure 1:The mutually dependent relationship between procedural and conceptual
knowledge suggested by a model of adaptive reasoning - Baroody et al. (2007, p. 124)

Figure 2: The difference between grade scores for male and female students in
experimental and control groups. The interaction of group x gender x measurement was
significant, the experimental group’s mathematical abilities improved significantly more
for girls than boys. Error bars show the 95% confidence intervals in both diagrams. ... 71

Figure 3: The difference between grade scores for students in experimental and control
groups. The participants in the treatment group achieved higher mathematics scores than
the control group. Error bars show the 95% confidence intervals in the diagram.......... 72

Figure 4: Estimated marginal means for positivity of students’ attitude toward
mathematics. The attitude toward mathematics is more positive for the experimental
group than the control group. Error bars show the 95% confidence intervals in the
(0 =0 - SO SO PRRSUSTPP 73

Figure 5: Estimated marginal means for students’ anxiety. The control group had higher
anxiety levels than the experimental group. Error bars show the 95% confidence intervals
IN e QIAGIAM. .o e et e et e e saeeenes 74


file:///E:/2021-2022/second%20semester/Thesis/For%20supervisores/Doctoral%20Thesis-yusuf%20fakhraddin%20hussein.docx%23_Toc134346240
file:///E:/2021-2022/second%20semester/Thesis/For%20supervisores/Doctoral%20Thesis-yusuf%20fakhraddin%20hussein.docx%23_Toc134346240
file:///E:/2021-2022/second%20semester/Thesis/For%20supervisores/Doctoral%20Thesis-yusuf%20fakhraddin%20hussein.docx%23_Toc134346240

List of Tables

Table 1:Differing Terms for Procedural and Conceptual Knowledge - Hiebert & Lefevre
(1986, P. L4) ettt bbbt bt 25
Table 2:Participants’ Experience with Mathematics Teaching ............c.ccocvvvnviiiiennnn 43

Table 3:Pre-Grade, Neither Schools nor Groups Were Significantly Different, and The

Interaction Was NOt SIgNITICANT. ........ccoueiiiiiiie e 44
Table 4: Pre-Anxiety, Neither Schools nor Groups Were Significantly Different, and The
Interaction Was NOt SIgNIFICANT. .........ccooiiiiiiii e 45
Table 5: Pre-Attitude, Neither Schools Nor Groups Were Significantly Different, and The
Interaction Was NOt SignifiCant. ..........cccooveii i 45
Table 6: SAMPIE STUAY .......coiieiiee e 46
Table 7:Data Analysis ClassifiCations ...........ccceiieiiiiieii e 60
Table 8: Descriptive statistics for experimental and control group measures................. 70

List of Acronyms

AMAS -------m---- Abbreviated Math Anxiety Scale

CVI  —emeeeeeee- Content Validity Index

CVR oo Content Validity Ratio

GDP - Gross Domestic Product

MAS - The Mathematics Attitude Scale

NCTM -------m---- National Council of Teachers of Mathematics

OECD ------------ Organization for Economic Co-operation and Development
PISA  —--—--mmmm-- Programme for International Student Assessment



Acknowledgments

Words cannot express my gratitude to my God, because he gives me the ability and power

in this life to read, write and understand my environment.

I would like to express my deepest appreciation to my supervisors, Professor Csikos
Csaba and Professor Bernath Laszlo, for their guidance, valuable feedback, and valuable
critique that they provided during my PhD. Thanks should also go to all of the staff at the
Faculty of Education and Psychology at E6tvds Lorand University for their assistance

throughout my PhD. study.

I would like to extend my sincere thanks to Salahaddin University-Erbil and the College
of Basic Education, specifically, the administration and academic staff in the
Mathematics Department for their support and cooperation.

I would like to acknowledge all the mathematics teachers and students who agreed to take
part in my research and shared their experiences generously with me. Without their

voluntary contributions, my studies would have not been accomplished.

I could not have undertaken this journey without the support of my family. Their patience,
encouragement, and kindness are precious and meaningful during my study. In addition,
my special thanks to all of my friends and colleges in Hungary and in the Kurdistan

Region of Irag, who support and motivate me during my study.



Chapter One

1. Introduction

In the introduction chapter, the rationale and background of the present study are outlined.
In addition, this chapter addresses the significance of the current study, problem
statement, hypothesis, purpose of the study, and research questions. The chapter is

finalized with the outline of the whole dissertation.

1.1. Rational and Background

Learning mathematics has importance in our daily life. Mathematics help people to better
understand their environment and it provides the power to think logically (Graeber &
Weisman, 1995). We use mathematics continually in our daily life. For example, when
people pay the bills, they think about the amount of reducing on their bank account, or
when people want to build a new house, they need to think about the amount of materials
that they need, the time, and the cost (Anjum, 2015). Furthermore, mathematics is the
main component in other disciplines. According to Graeber and Weisman (1995),
mathematics, as a tool, is fundamental for understanding other disciplines such as science,
engineering, and economics. Butterworth, Varma, and Laurillard (2011) show that if
19.4% of lowest achieving children in mathematics in the USA were brought up to the
minimum level (Level 1 in the PISA Survey), GDP would increase by 0.74%. They
present the results of a large sample study (2 x 17 000 persons) showing that low math
skills are grater disadvantage in a person's life than low literacy (Butterworth, Varma &
Laurillard, 2011). Therefore, understanding mathematics is necessary for our daily life to
make daily affairs easier.

Improving the quality of mathematics teaching and learning has become a serious subject
across the globe by researchers and educators (Coburn et al., 2012; Cobb & Jackson,
2011). The important of teaching conceptual mathematics has been taken into
consideration by mathematics researchers and educators (see, for example, Andrew,
2019; Baroody & Lai, 2007; Bransford et al., 2000; Clarke-Midura & Dede, 2010; Crooks
& Alibali, 2014). According to Andamon and Tan (2018), the student's ability to solve
mathematics problems is affected by the mathematics competence that needs basic
mathematics skills such as conceptual understanding. Students with conceptual
knowledge can easily transfer their knowledge into new mathematics situations.
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Accordingly, to understand mathematics deeply and successfully, the learners must have
conceptual knowledge (National Council of Teachers of Mathematics, 2000). Another
main point for conceptual understanding is that students with conceptual knowledge can
assess which procedure is more appropriate for a specific mathematical problem
(Brownell, 1945; Schneider & Stern, 2010). Students will get higher scores in
mathematics if they participate in thinking and exploring in the learning process rather
than participating only in the learning of mathematics rules mechanically. Their
achievement can be increased by providing an attractive and interesting teaching method
by the teacher to engage students' interest (Kiuru et al., 2014). Therefore, teaching
mathematics conceptually is central to students’ better understanding of mathematics
which leads to higher achievement in mathematics (Kiuru et al., 2014). Accordingly, the
mathematics education researchers’ focus has growingly shifted from procedural

knowledge to conceptual knowledge (Crooks & Alibali, 2014).
1.2.  The Significance of The Study

Mathematics researchers, in the last few decades, have concentrated on the necessity of
conceptual teaching for students’ success in learning mathematics (see, for example,
Crooks & Alibali, 2014). According to the National Council of Teachers of Mathematics
(2000), for students to be successful in learning mathematics, they have to learn with
understanding. The reason for students’ low performance in Calculus was the lack of

conceptual understanding (Liang & Martin, 2008).

Teaching conceptually helps the learners to explain the reason behind working a
particular mathematics operation in a specific way. The students do not need to depend
only on remembering the rules, but they understand the mathematics situations then they
apply the mathematics rules to get the solution, which helps to reduce the students’
anxiety and increase their positive attitude toward mathematics (Webb, 2017). In
addition, conceptual knowledge helps students to acquire the ability to transfer their
knowledge among different new mathematical situations (National Council of Teachers
of Mathematics, 2000). Accordingly, the students have to be taught basic mathematics
rather than just procedures (Generalao, 2012).

Educators and researchers must consider anxiety about and attitude toward mathematics

because these are serious problems among students (Christiansen, 2021; Webb, 2017).
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The concept of attitude is used and understood in the way Pehkonen and Pietila (2003)
defined as a psychological construct that belongs to the affective-emotional side of human
personality. Anxiety also belongs to the emotional sphere of personality, but definitely to
the negative side (Hembree, 1990).

Students often have mathematics anxiety, and they think mathematics is a dreaded subject
(Capinding, 2022). This anxiety impedes students' development and improvement in their
mathematics competence (Cribbs et al., 2021; James et al., 2013). The relation between
students’ anxiety and their performance on mathematics exam is negative (Chernoff &
Stone, 2012). For example, a study managed by Price (2015) investigated the
characteristics of students’ anxiety and its effects on their understanding of arithmetic.
The result showed the students who had low mathematics anxiety performed better and
understood more the concept of arithmetic compared with students who had high anxiety.
In addition, in a study conducted by Capinding (2022) on students in high school, the
results found that there was a negative relationship between anxiety and mathematical
performance. The students who had mathematics anxiety performed worse than those
who had not. Accordingly, both mathematics anxiety and performance affect each other
negatively (Carey et al., 2016; Ilhan et al., 2022). Therefore, a holistic teaching approach
is needed to support the education process that concentrates on both emotion and skills

toward mathematics (Sorvo et al., 2019).

Students' attitudes toward mathematics have a direct impact on their mathematics
achievement. Students with a positive attitude toward mathematics are more academically
prepared to develop in mathematics (Capinding, 2022). In their study, Zhang et al. (2020)
found that students' attitudes had a positive relationship with their mathematics
performance. In a study conducted by ilhan et al. (2022), the results revealed that the
relationship between students’ negative attitude and their mathematics achievement was
significantly negative. Simultaneously, according to Capinding's (2022) findings, there
was a negative relation between students' anxiety about and their attitude toward
mathematics. Students, who were anxious about mathematics, had a negative attitude
toward it. And students, who had a negative attitude toward mathematics, had more
anxiety. Consequently, a positive attitude toward mathematics overcomes mathematics
anxiety (Saha et al., 2020).
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To sum up, students understanding of mathematics and their confidence regarding their
ability can be developed by providing them interactive teaching methods in a relaxing
environment that leads to improve their attitudes toward mathematics (Jennison &
Beswick, 2010). Therefore, mathematics educators must focus on using a holistic
teaching approach to interact the students with mathematics subjects and to improve their
positive attitude toward mathematics (Turner et al., 2002).

1.3. Problem Statement

Numerous mathematics educators tend to use conventional teaching methods that
concentrate on procedural teaching and neglect the important aspect of teaching which is
conceptual teaching. Mathematics teachers define mathematics as provider a set of tools,
such as problem-solving skills, logical reasoning, and thinking ability abstractly
(Andamon & Tan, 2018). Based on their definition mathematics teachers depend on
procedural teaching rather than conceptual teaching which is an insufficient approach to
improving the students’ mathematics competence. Students understanding mathematics
conceptually, however, helps them to develop their confidence and decline their
mathematics anxiety. This leads to an increase in their ability in confronting mathematics
challenging tasks more easily and trustfully (Mariquit & Luna, 2017). According to a
study conducted by Zaini (2005) on the teaching of conceptual knowledge, the result
revealed that trainee teachers depended on algorithms, rules, and formulas to explain
problems instead of evidence-based understanding. Likewise, in Saudi Arabia primary
school mathematics teachers depended more on procedural knowledge than conceptual
knowledge (Khashan et al., 2014). Consequently, students learn only rules and depend on
them to confront in solving mathematics problems which is insufficient for solving the
problems that require deep understanding (i.e., non-traditional problems). For instance,
in Hussein and Csikos (2021) study revealed that secondary school students in the
Kurdistan region of Irag had many problems with the concept of function. The study
showed that students had difficulty defining the concept of function, and they tended to
conflate concept image with concept definition. They could not provide a complete and
clear definition of function but were only able to provide the definition partially. In
addition, they had difficulty recognizing different representations of functions and

conversions between different modes of representation.
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According to the National Council of Teachers of Mathematics, besides students’
computational ability in solving mathematics problems, basic skills should go beyond and
be integrated. Because, if students only learn procedures, they face difficulties and
sometimes stuck in learning higher-level mathematics. Conceptual mathematics,
however, helps the learners to understand each step in problem-solving, and it opens a
variety of approaches of solution for them. In addition, higher level of students'
understanding of mathematics needs less practice (Brownell, 1987). Accordingly,
conceptual understanding helps the students to develop a computational sense, which
means more understanding of how mathematics is working. Therefore, teaching
mathematics should be revised which focuses on less lecture, and more discussion with
students to direct them (Curtain-Phillips, 1999).

Students’ lack of mathematics proficiency does not refer to the shortage of their
intelligence in the subject or their lack of ability in learning mathematics. Rather, the
student's lack of mathematics competence indicates using unsuitable teaching methods
by the teachers that lead the learners to lack mathematics skills, including conceptual
understanding (Andamon & Tan, 2018). Using an inappropriate method of teaching by
mathematics teachers made an obstacle for students. The majority of teachers define
mathematics as acquiring, memorizing, and algorithms. Teachers are pleased with
teaching mathematics as manipulating symbols and solving problems routinely, but not
making sure that their students acquire a deep understanding or not (Hirschfeld-Cotton,
2008).

Teaching styles in schools encourage students to develop procedural understanding rather
than conceptual understanding (Hussein & Csikos, 2021). Mathematics educators want
to choose the easiest way for teaching. They think if students can provide definitions and
can solve mathematics problems procedurally, it means the students' understanding
(Wiggins, 2014). Meanwhile, to assess mathematics competence, the students’ ability to
manipulate knowledge procedurally is depended on (De Zeeuw et al., 2013). For example,
learners are required to find correct answers on the exam, and based on their correct
answers the teacher decides who is pass or fails. Students are prepared for the national
examination by teaching them and practicing questions procedurally. Therefore, the
students’ conceptual knowledge in mathematics does not develop because students learn

in school based on the method that they are taught (Zulnaidi & Zamri, 2017). In addition,
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the tools used to assess them encourage teachers to concentrate only on procedural
knowledge rather than conceptual knowledge (De Zeeuw et al., 2013).

Teaching mathematics procedurally, which is the common teaching method, increases
concerns about students’ performance and anxiety about mathematics. Khoule et al.
(2017) found in their study that teaching procedurally not only does not overcome
students’ mathematics anxiety, but it helps to arise their mathematics anxiety. Because
this method of teaching focuses on mastering rules without understanding and students
should remember them in the exam. This stress of remembering the materials that students
studied, in the exam, increases their anxiety (Khoule et al., 2017).

1.4. Hypothesis

The hypotheses are formed as null hypotheses. This was done for the purpose of
straightforward testing them, and based on the literature the researcher’s real

expectations can be formed as the alternative hypotheses of the following.

e In terms of students’ achievement, there will be no statistically significant

difference between the control group and the experimental group.

e In terms of decreasing students’ anxiety, there will be no statistically significant

difference between the control group and the experimental group.

e In terms of improving students’ positive attitudes toward mathematics, there will
be no statistically significant difference between the control group and the

experimental group.

1.5. Purpose of The Study and Research Questions

The purpose of this dissertation is to examine mathematics teachers’ perspectives on the
necessity of teaching mathematics conceptually and the obstacles that they face in this
endeavor. In addition, it investigates how secondary school students’ conceptual
knowledge impacts their achievement in, anxiety about, and attitude toward mathematics
in the Kurdistan region of Irag. It aims to disseminate results and contribute to improving
the teaching of mathematics.

The study is guided by the following research questions:

14



1. What is the importance of conceptual knowledge in teaching mathematics for

students from mathematics teachers’ perspectives?

This question has four sub-questions:

a. What is mathematics teachers’ familiarity with conceptual
understanding?

b. What are mathematics teachers’ perspectives on teaching mathematics
conceptually?

c. What do mathematics teachers need to teach conceptually?

d. What are the obstacles that mathematics teachers face when teaching
mathematics conceptually?

2. Does teaching mathematics conceptually affect students’ achievement?
3. Does teaching mathematics conceptually affect students’ anxiety?

4. Does teaching mathematics conceptually affect students’ attitudes?

1.6. Outline of The Whole Dissertation

This dissertation follows a conventional structure consisting of the following chapters:
introduction, literature review, methodology, result and data analysis, discussion, and
conclusion. Each chapter starts with a brief introduction to provide the structure of the
chapter to the reader, and it concludes with a summary that summarizes the whole chapter

and provides the chapter as a coherent piece of writing.

In chapter one, the previous studies’ gaps, and the importance of the current study from
mathematics educators and the researchers’ viewpoints are provided. This chapter
explains the problem statement and research hypothesis. It also details the aim of the
study and research questions. The chapter is finalized with the outline of the whole

dissertation.

The second chapter focuses on a comprehensive review of relevant literature, the main
terms in the dissertation are defined as conceptual knowledge, procedural knowledge,
mathematics anxiety, attitude toward mathematics, and academic achievement.
Throughout the literature review chapter, the importance of conceptual knowledge and
its relationship with procedural knowledge are clarified in detailed. The effects of

mathematics anxiety on students’ achievement from previous studies’ findings are
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provided. This chapter discusses, also, the relation between students’ attitudes toward
mathematics and their performance in mathematics from educators' and researchers’
viewpoints. Then gender differences in mathematics and the meaning of academic
achievement in the present study are detailed. Last but not least, to show the necessity of
the present study, the contribution to the literature is provided in this chapter. The chapter
iIs finalized by explaining the summary of the whole chapter.

The third chapter provides an elaborate description of methodology related issues
including the research approach, design, and the various methods of data collection. This
chapter provides the population of the study and the mechanism of selecting the sample
study. It details the instruments used to collect data including interview, experiment, and
questionnaire. The consideration of research ethics and evidence of validity and reliability
of the present dissertation are explained in this chapter. To familiarize the reader, the
education system in the Kurdistan region of Iraq is clarified. Then, the research focus and
design are detailed. This chapter explains different research paradigms specifically the
paradigm that the present study utilizes. The chapter is finalized by pointing out the

implementation of teaching conceptually, and then the chapter summary.

The fourth chapter, named data analysis and results, contains two main sub-sections. The
first sub section clarifies how data that were collected in interviews were analyzed. The
second sub-section explains the data analysis of the experiment and the questionnaires.
Most tables and figures that show the data analysis process of this study are presented in
the result chapter. This chapter provides the mechanism of data analysis and the tools
used for that purpose. Furthermore, the statistics subjects that are used to analyze the data
are provided. The process of grouping the participants’ answers for the interviews is
detailed. The chapter is finalized by analyzing the quantitative data, the mechanism of

analyzing the data that collected from the experiment, and the questionnaires.

In the final chapter, the findings are discussed and interpreted in relation to the existing
body of literature on the importance of conceptual knowledge in teaching mathematics.
This chapter discusses the results of interviews separately from the results of the
experiment. All the research questions are answered in this chapter accuracy in detail. In
the conclusion section, the main findings of the study are focused on and remembered.

This study as the previous studies has many limitations that are provided in this chapter.
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The chapter is ended by providing some recommendations and suggestions for
mathematics educators, researchers, and stakeholders.
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Chapter Two

2. Literature Review

This chapter reviews the literature on conceptual knowledge, procedural knowledge,
mathematics anxiety, and attitudes toward mathematics. It defines the main terms in the
dissertation. Then the relation between conceptual knowledge and procedural knowledge,
and the importance of conceptual knowledge in teaching mathematics are provided. The
effect of having mathematics anxiety and negative attitudes toward mathematics on
students’ achievement from the previous studies' findings are detailed. Gender difference
in mathematics is another aspect that is discussed and evaluated in the present chapter.

The chapter concludes by remembering the key points.

One of the main parts of scientific research is the literature review which includes
reviewing and analyzing existing research, literature, and theories relevant to the research
topic. Robinson and Reed (2019, p. 58) define a literature review as “systematic research
for published work to find out what is already known about the intended research topic”.
There are many advantages to literature review. Through reviewing the literature, the
researcher can find out what work has been done in a specific area, and what has not been
done so far. The researcher can identify the gap in his/her area which is helpful in creating
a research title. By reviewing previous research and publications the researcher can avoid
replicating unnecessarily existing work. A literature review assists in the clarification of
terms and concepts related to the research issue, ensuring that the researcher employs
proper terminology and definitions in their work. The identification of acceptable
research methods and methodologies that have been employed in prior studies is helped
by literature reviews. This might serve as a basis for selecting the research methodology
and a justification for the chosen strategy. The findings from the research can be predicted
or hypothesized by using a literature review. This can help to focus on data collecting and
analysis while also guiding the research plan. Reviewing the literature enables researchers
to assess the quality of prior studies and assess the strength of the body of evidence

supporting a specific subject or research question.
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2.1. Conceptual Knowledge

A concept is a “mental representation that embodies all the essential features of an object,
a situation, or an idea. Concepts enable us to classify phenomena as belonging, or not
belonging, together in certain categories” (Westwood, 2008, p. 24). Concepts are
important cognitive tools that have the capacity to organize and associate with other ideas
to be connected as a web of understanding, this connection leads to the formation of
conceptual knowledge (Clark, 2011).

Conceptual knowledge is the comprehension of the basic thoughts and concepts that
underpin mathematical processes and problem-solving. It involves the capacity to
comprehend and apply mathematical notions, connections, and correlations.
Understanding arithmetic conceptually entails comprehending not just how to do
addition, subtraction, multiplication, and division calculations, but also the underlying
concepts and connections that underlie these operations. Knowing that addition and
subtraction are inverse operations, and that division is the inverse of multiplication are all
necessary knowledge for this. Understanding geometry conceptually means
understanding the connections between shapes and their attributes, such as the connection
between a triangle's angles and a circle's attributes. Therefore, being able to think deeply
about and apply mathematical concepts in many contexts allows people to have
conceptual knowledge of mathematics, which is crucial for the development of higher-
order thinking skills and problem-solving abilities (Frederick & Kirsch, 2011; Rittle-
Johnson et al., 2015).

There are various definitions of conceptual knowledge in mathematics studies. However,
these are sometimes implicitly rather than explicitly referenced. Despite these variations,
mathematics education researchers tend to define conceptual knowledge as rich
knowledge about relationships and connections, such as a web of knowledge (Hiebert &
Lefevre, 1986; National Council of Teachers of Mathematics, 2000). In other words,
conceptual understanding means understanding how all pieces of information are linked
together in a network (Baroody et al., 2007; Rittle-Johnson et al., 2015). It can be defined
as an “understanding of the underlying structure of mathematics the relationships and
interconnections of ideas that explain and give meaning to mathematical procedures”
(Faulkenberry, 2003, p. 13). In terms of its implications for teaching, conceptual

knowledge means the ‘“comprehension of mathematical concepts, operations, and
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relations” (Kilpatrick, 2001, p. 5). According to Reys et al. (1995, p. 21), conceptual
knowledge requires “the learner to be active in thinking about relationships and making
connections, along with making adjustments to accommodate the new learning with
previous mental structures.” Accordingly, mathematical researchers define conceptual

knowledge as a relation to the connection and linkage of ideas.

In some mathematics education studies, conceptual knowledge has been defined in terms
of principles. For instance, according to Baroody et al. (2007, p. 123), “conceptual
knowledge is knowledge about facts (generalizations) and principles.” In the classroom,
“having conceptual knowledge involves the student understanding the meaning and
underlying principles of mathematical concepts” (Frederick & Kirsch, 2011, p. 94).
Accordingly, conceptual knowledge is sometimes called conceptual understanding or

principled knowledge (Kilpatrick et al., 2001).

Furthermore, mathematics education researchers have defined this type of knowledge
without reference to it being “conceptual.” For example, the National Council of Teachers
of Mathematics (2000, p. 118) referred to it as “an integrated and functional grasp of
mathematical ideas.” Robinson and Dube (2009, p. 193) explained it as ‘“the
understanding of the underlying structures of mathematics,” while Lampert (2001) and
Ball et al. (2001) understood it as the knowledge that stimulates the growth of
mathematical algorithms. Conceptual mathematics understanding is “knowledge that
involves thorough understanding of underlying and foundation concepts behind the
algorithms performed in mathematics” (Andamon & Tan, 2018, p. 5). Thus, the meaning
of conceptual knowledge has expanded to include the grasp of ideas, mathematical

structures, and the stimulation of algorithms.

As shown above, there are various definitions of conceptual knowledge. However, the
most common and preferred two definitions in the present dissertation are understanding
relationships and connections between ideas, symbols, and numbers as a web of
knowledge (Bolden & Newton, 2008; Dixon & Moore, 1996). And the second preferred
definition is an “understanding of the underlying structure of mathematics, the
relationships and interconnections of ideas that explain and give meaning to mathematical

procedures” (Faulkenberry, 2003, p. 13).
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2.2. Procedural Knowledge

Procedural knowledge is knowing how to do something. Procedural knowledge, which is
typically related to motor abilities or muscle memory, is the understanding of how to
carry out an activity or skill. It requires the capacity to carry out a series of tasks in a
coordinated way in order to accomplish a particular goal. The acquisition of procedural
knowledge frequently involves repetition and practice. Procedure knowledge is
necessary, for instance, to ride a bicycle or play an instrument since the actions involved
must be carried out in a particular order and time. There are two aspects to the definition
of procedural knowledge. The first is knowledge of the formal language, which is called
symbolic representation, and the second is knowledge of the rules used to complete a
mathematical task (Hiebert & Carpenter, 1992). Rittle-Johnson and Schneider (2015, p.
4) defined procedure knowledge as a “series of steps, or actions, done to accomplish a
goal.” Furthermore, it is “knowledge of the steps required to attain various goals”
(Canobi, 2009, p. 176). According to Engelbrecht et al. (2017), “a procedural approach
includes algebraic, numerical calculations, employing rules, algorithms, formulae and
symbols” (p. 574). Hiebert and Carpenter (1992) understood procedural knowledge as a
series of actions that, if executed correctly, will lead to the right answer. Thus, all these
definitions refer to the idea that knowledge relates to sequences of procedures that can be
used in mathematical problem-solving. Meanwhile, the definition that | depended on in
this dissertation is procedural knowledge defined as “Mastery of computational skills and
knowledge of procedures for identifying mathematical components, algorithms, and
definitions” (Faulkenberry, 2003, p. 13).

Several factors make procedural knowledge essential in mathematics. To start, it enables
students to solve mathematical tasks quickly and precisely, especially those that are
common or clearly stated. Learners can save time spent on calculations and eliminate
errors by becoming familiar with the relevant techniques. Procedural knowledge is
essential to developing mathematics automaticity and fluency. By repeating and
rehearsing methods, students can acquire the abilities needed to execute calculations fast
and accurately, freeing up mental resources for extremely hard problem-solving tasks. To
think and solve mathematical problems at a higher level, procedural knowledge is
required. The ability to solve problems conceptually is crucial, but it is frequently

insufficient on its own. In order to use mathematical procedures and algorithms to solve
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complicated issues, students must also possess procedural knowledge (Engelbrecht et al.,
2017; Hiebert & Carpenter,1992).

2.3. Relationship Between Conceptual and Procedural Knowledge

Mathematics educators believe that both conceptual and procedural knowledge are
essential (Hiebert & Grouws, 2007; Hurrell, 2021; Rittle-Johnson et al., 2015). For
instance, Kilpatrick et al. (2001) stated that procedural knowledge is primarily needed to
support conceptual knowledge. Procedural knowledge is an important aspect of
mathematical proficiency, it is also important to develop the ability to understand the
underlying principles and relationships that drive mathematical concepts and procedures.
The basis for mathematical fluency and problem-solving skill is a combination of
procedural knowledge and conceptual comprehension. Therefore, conceptual knowledge
and procedural knowledge are both necessary and help to strengthen each other (Hurrell,
2021), and connecting these two types of knowledge is the key to developing
mathematical understanding (Aydin, 2018; Baroody et al., 2007; Hiebert & Lefevre,
1986) (see [Figure 1]). Similarly, simultaneously developing these two types of
knowledge has a positive effect on mathematical competence (Rittle-Johnson et al.,
2015). Accordingly, conceptual understanding is supported by algorithms and provides
building blocks that can be used to clarify concepts. Conversely, students can develop
algorithms through conceptual understanding (Aydin, 2014). Therefore, conceptual and
procedural knowledge are often mentioned together because it is believed that they have

a coherent relationship between them (Rittle-Johnson & Schneider, 2015).

However, conceptual knowledge is distinct from procedural knowledge in several
respects. Conceptual knowledge has strong relationships with different parts of
knowledge, whereas procedural knowledge is a conventional sequence of steps (Hiebert
& Lefevre, 1986). Applying procedures mechanically that employ rules without
understanding the reason might lead to getting strange and ambiguous solutions (Martin,
2009). Moreover, procedural understanding only concerns algorithms and facts, while
conceptual knowledge confirms students’ ability to link mathematics across disciplines
and critical thinking with the communication of critical components of mathematics
(Hiebert & Lefevre, 1986; Linn, 1994).
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Figure 1:The mutually dependent relationship between procedural and
conceptual knowledge suggested by a model of adaptive reasoning - Baroody et al.
(2007, p. 124)

Conceptual and procedural knowledge are not independent (orthogonal), even the
application of simple algorithms to new situations requires the integration of procedural
and conceptual knowledge. On the other hand, the depth of understanding depends on the
extent to which procedural and conceptual knowledge are linked. In Figure 1, the depth
of knowledge ranges from no knowledge (the a point) to maximum knowledge (the P
point) along the diagonal (Baroody et al., 2007).

Mathematics education studies support the perspective that understanding mathematics
requires students to make connections between procedures, facts, concepts, relationships,
and mathematical ideas (Hiebert & Carpenter, 1992; Moschkovich et al., 1993; Skemp,
1976, 1989). According to Siregar and Siagian (2019), mathematics makes sense for
students if they know the connections between the concepts. The ability to connect
mathematical conception meaningfully is essential for students at every level of education
(Siregar & Siagian, 2019). This ability helps them to use the mathematical concepts that
have been learned as basic knowledge to understand new concepts (National Council of
Teachers of Mathematics, 2000). In addition, mathematical connections can be counted
as a consequence of constructivist theory in mathematics learning and is a building of a
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mental network organized such as a spider's web that nodes can represent the pieces of
information, and threads as the connections between them (Hiebert & Carpenter, 1992).
Then for learning and thinking about connections between mathematics concepts, it is
very important to look at mathematics as a whole (Siregar & Siagian, 2019).
Consequently, understanding connections is fundamental in teaching mathematics (Eli et
al., 2011). In this respect, if mathematics teachers focus on mathematical connections,

then students acquire an interconnected understanding of mathematics (Evitts, 2005).

2.3.1. Different Terms for Conceptual and Procedural Knowledge

Many different terms had been used for different types of knowledge (see Table 1). For
example, the terms instrumental, syntax, episodic memory, teleologic, and mechanical
understanding are used for procedural knowledge. And the terms relational, principles,
semantic, declarative, schematic, and meaningful understanding are used for conceptual

knowledge.

There is a similarity between conceptual knowledge and procedural knowledge with the
concepts of relational understanding and instrumental understanding, respectively
(Skemp, 1976). Relational understanding is described as the ability to figure out a specific
rule, while instrumental understanding is described as the ability to apply a rule to solve
a mathematics problem without understanding how it works (Jones, 2011). Instrumental
mathematics consists of the learning of a steady plan in problem-solving, by which
students could find their way from specific starting points to finishing points.
Instrumental understanding is the student’s ability to apply the mathematics rules to solve
the problems regardless of knowing the reason for working strictly according to the rules
(Skemp,1976). In contrast, relational understanding in mathematics contains the
construction of a conceptual structure in which an unlimited number of plans for problem-
solving can be produced by its owner (Skemp, 1976). Relational understanding helps the
students to use an appropriate procedure to solve mathematics problems and logical
reasoning (Patkin & Plaksin, 2018; Utomo, 2020). It also provides the students capability
to deduce appropriate procedures in mathematics problem-solving (Minarni et al., 2016;
Skemp, 2006). This theoretical idea discovers the processes for obtaining knowledge and

provides instruments to solve problems for the learning aspect (Skemp, 1976).
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Table 1:Differing Terms for Procedural and Conceptual Knowledge - Hiebert &
Lefevre (1986, p. 14)

Procedural Conceptual
Skemp 1976 Instrumental Relational
Piaget 1978 action Conceptual understanding
Gelman & Gallistel 1978 Skills Principles
Resnick 1982 Syntax Semantic
Episodic
Tulving 1983 memory Semantic memory
Anderson 1983 Procedural Declarative
Van Lehn 1983 Teleologic Schematic
Baroody 1984 Mechanical Meaningful

2.3.2. Instrumental Mathematics

Mathematics teachers use instrumental mathematics rather than relational mathematics
because of some reasons. One of the points is, instrumental mathematics is much easier
and quicker than relational mathematics in some topics, such as multiplying two minuses
equal to plus or dividing two fraction numbers. Another point, in instrumental
mathematics less knowledge is involved than in relational. Therefore, the students feel
more comfortable with instrumental mathematics (Skemp, 1976).

However, there are many advantages to relational mathematics. Relational understanding
helps the learners to adapt their knowledge into new mathematics tasks, this helps the
students to generate an original idea which is the achievement of the learning aim (Skemp,
2006). In addition, relational understanding helps students to remember the rules easily.
For example, when students learn the area of a triangle, they learn the rules of triangle
and rectangle and find the relation to the area of a triangle. These connections help the
learner to remember the rules as a part of the whole. In that case, students not only

understand relationally but also, they will be active in finding new areas such as the root
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of the tree that extends in all directions (Skemp, 1976). Consequently, relational
understanding should be encouraged, and conceptual structures that contain relevant

concepts should be developed to achieve this understanding (Star & Stylianides, 2013).

In summary, students must be given opportunities to connect these two types of
knowledge (Ministry of Education, 2001). Because they must have a variety of
perspectives on mathematics in problem-solving and build connections between them to

have better performance (National Council of Teachers of Mathematics, 1989).

2.4.Importance of Conceptual Knowledge in Teaching Mathematics

The students struggle with mathematics, not because of their inability, but it refers to the
teaching method that mathematics teachers follow. Conceptual understanding skills are
required for students to get the competence to solve a variety of mathematics problems
successfully. Therefore, teaching mathematics conceptually is necessary for students to
absorb mathematical subjects successfully (Andamon & Tan, 2018). While the lack of
conceptual knowledge leads to a variety of challenges for students (Tekin-Sitrava, 2017).

Investigating conceptual knowledge helps learners gain procedural knowledge. In
Lauritzen’s study (2012), students who scored highly on conceptual tasks also scored
highly on procedural tasks. However, a low level of conceptual knowledge was recorded
among first-year students in the mathematics department at the College of Education
(Saeed, 2016). When students are asked to solve a mathematical problem, they can use
processes to find the correct solution despite lacking an understanding of “how” and
“why” (Barr et al., 2003). Therefore, “the results support the genetic view that procedural
knowledge is a necessary but not sufficient condition for conceptual knowledge”

(Lauritzen, 2012, p. 13)

Many studies have indicated that a lack of conceptual knowledge leads to a variety of
challenges. For example, students have difficulty with algebraic concepts such as
algebraic expressions due to a lack of conceptual knowledge (Tekin-Sitrava, 2017). In
Rittle-Johnson and Alibali’s (1999) study, equivalent tasks were provided to students, and
they were asked to decide which one was correct and which one had no meaning. The
study found that 86% of participants failed to solve the problems because they lacked

basic arithmetic skills. In addition, a study by Carlson (1998) found that university
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students were unable to solve an unconventional problem in the development of the
concept of a function. Specific problems have been identified 