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ABSTRACT

AN EXPLORATION OF AFFECTIVE AND DEMOGRAPHIC FACTORS
THAT ARE RELATED TO MATHEMATICAL THINKING AND
REASONING OF UNIVERSITY STUDENTS

Basaran, Seren
Ph.D., Department of Secondary Science and Mathematics Education
Supervisor: Prof. Dr. Giray Berberoglu

June 2011, 214 pages

There are four major aims of this study: Firstly, factors regarding university
students’ approaches to studying, self-efficacy in mathematics, problem solving
strategies, demographic profile, mathematical thinking and reasoning
competencies were identified through the adopted survey and the competency
test which was designed by the researcher. These scales were administered to
431 undergraduate students of mathematics, elementary and secondary
mathematics education in Ankara and in Northern Cyprus and to prospective
teachers of classroom teacher and early childhood education of teacher training
academy in Northern Cyprus. Secondly, three structural models were proposed to
explore the interrelationships among idenitified factors. Thirdly, among three
models, the model yielding best fit to data was selected to evaluate the equality
of the factor structure across Ankara and Northern Cyprus regions. Lastly,
differences regarding pre-identified factors with respect to gender, region and
grade level separately and dual, triple interaction effects were investigated
through two two-way MANOVA and a three-way ANOVA analyses.

Exploratory and confirmatory factor analyses were employed to determine
the factors; meaning orientation, mathematics self-efficacy, motivation,
disorganized study methods and surface approach for the survey and ‘expressing,

extracting and computing mathematically’(fundamental skills) and ‘logical



inferencing and evaluating conditional statements in real life
situations’(elaborate skills) for the test.

The three models commonly revealed that while mathematics self-efficacy
has a significant positive effect on both fundamental and elaborate skills,
motivation which is a combination of intrinsic, extrinsic and achievement
motivational items was found to have a negative direct impact on fundamental
skills and has a negative indirect contribution upon elaborate skills.

The results generally support the invariance of the tested factor structure
across two regions with some evidence of differences. Ankara region sample
yielded similar factor structure to that of the entire sample’s results whereas; no
significant relationships were observed for Northern Cyprus region sample.

Results of gender, grade level and region related differences in the factors of
the survey and the test and on the total test indicated that, females are more
meaning oriented than males. ‘Fourth and fifth (senior)’ and third year university
students use disorganized study methods more often than second year
undergraduate students. In addition, senior students are more competent than
second and third year undergraduate students in terms of both skills. Freshmen
students outscored sophomore students in the elaborate skills. Students from
Ankara region are more competent in terms of both skills than students from
Northern Cyprus region. This last inference is also valid on the total test score
for both regions. Males performed better on the total test than females.

Moreover, there exist region and grade level interaction effect upon both
skills. Additionally, significant interaction effects of ‘region and gender’, ‘region
and grade level’, ‘gender and grade level’ and ‘region and gender and grade

level” were detected upon the total test score.

Keywords: Affective, Demographic, Mathematical Thinking and Reasoning,
Multivariate Analysis of Variance (MANOVA), Structural Equation Modeling
(SEM)
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UNIVERSITE OGRENCILERININ MATEMATIKSEL DUSUNME VE
AKIL YUORUTME BECERILERIYLE ILGILI DUYUSSAL VE
DEMOGRAFIK ETMENLERIN ARASTIRILMASI

Basaran, Seren

Doktora, Orta Ogretim Fen ve Matematik Alanlar1 Egitimi
Tez Yoneticisi: Prof. Dr. Giray Berberoglu

Haziran 2011, 214 sayfa

Bu calismanin dért temel amaci vardir: [lk olarak, {iniversite
ogrencilerinin caligma aligkanliklari, 6z yeterlik algilari, problem ¢6zme
stratejileri, demografik profilleri, matematiksel diisiinme ve akil yiiriitme
yetkinlikleri uyarlanmis bir goriis 6l¢egi ve arastirmaci tarafindan gelistirilmis
bir yeterlik testi ile belirlenmistir. Olgekler, Ankara ve Kuzey Kibris’taki toplam
431 finiversitelerin matematik, ilk ve orta ogretim matematik egitimindeki
ogrencilere ve Kuzey Kibris 6gretmen akademisindeki okul oncesi ve sinif
ogretmenligindeki dgretmen adaylarma uygulanmustir. Zkinci olarak, bu
faktdrlerden olusturulan {i¢ yapisal esitlik modeli test edilmistir. Ugiincii olarak,
veriyi en iyi agiklayan bir yapaisal esitlik modeli secilerek Ankara ve Kuzey
Kibris bolgeleri igin faktor yapisindaki benzerlik ve farklar bolgelere gore
aragtirilmigtir. Son olarak, ¢ift yonlii MANOVA ve ii¢ yonlii ANOVA analizleri
kullanilarak cinsiyet, bolge ve smifa gore ayr1 ayr1 ve ikili, Gglii etkilesim
etkilerine bakilarak 6nceden belirlenmis faktorler arasindaki farklar saptanmustir.

Aciklayict ve dogrulayict faktor analizleri kullanilarak belirlenen faktorler
sunlardir: goriis Olgegi icin; anlamaya odakli 6grenme, matematik 6z yeterlik
algis1, motivasyon, diizensiz ¢alisma aliskanliklari, yiizeysel 6grenme yaklagimi;
test icinSe; matematiksel olarak ifade etme, ¢ikarim yapma, islem yapma (temel

beceriler) ve mantiksal ¢ikarimlarda bulunma ve gercek yasama dayal
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durumlarda kosullu ifadelerin degerlendirilmesi (ileri diizey beceriler).

Test edilmis ti¢c modelin ortak bulgulari; matematik 6zyeterlik algisinin her
iki beceriye anlamli pozitif etkisi saptanamisken motivasyonun (igsel, dissal ve
basar1) temel becerilere negatif yonde direkt etkisi ve ileri diizey becerilere ise
negatif indirekt katkisi oldugu belirlenmistir.

Faktor yapisinin bolgeleraras1 degismezligi her iki bolge icin de birkag fark
disinda benzerlik gostermektedir. Ankara bolgesi toplam orneklem igin test
edilen model yapsina benzer bir faktor yapisi gozlemlenirken Kuzey Kibris
bolgesi icin modelde faktorler arast herhangi bir anlamli iliski saptanmamustir.

Faktorler ve toplam test iizerindeki cinsiyet, sinif ve bolge farklariyla ilgili
sonuclar; kizlarin erkeklere gore daha anlamaya odakli oldugu; {niversite
dordiincii ve besinci, ve liglincii siif dgrencilerin ikinci siniflara gore diizensiz
calisma aligkanliklarini daha sik kullanidigi saptanmistir. Buna ek olarak,
dordiincii ve besinci siniftakilerin ikinci ve tigiincl siniftaki 6grencilere gore her
iki beceri tiirii acisindan daha basarili oldugu belirlenmistir. Universite birinci
sinif grenciler ileri diizey becerilerde ikinci sinif ogrencilerden daha iyi bir
performans gostermmistir. Ankara’daki dgrencilerin Kuzey Kibris’takilere gore
her iki beceride de daha basarili oldugu gozlemlenmistir. Bu ¢ikarim tiim test
sonucunda igin de gegerlidir. Ayrica, her iki beceri i¢in de ‘bolge, simf” ikili
etkilesim farki bulunmustur. Tlim test sonucunda, ‘bdlge, cinsiyet’, ‘bolge, sinif’,
‘cinsiyet, simif” ve ‘bolge, cinsiyet ve sif’ etkilesimlerinin de anlamli oldugu

saptanmigtir.
Anahtar kelimler: Akil Yiiriitme ve Matematiksel Diisiinme, Cok Degiskenli

Varyans Analizi (MANOVA), Demografik, Duyussal, Yapisal Esitlik Modeli
(YEM)
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CHAPTER 1

INTRODUCTION

Mathematical thinking and reasoning are essential elements for doing and
learning mathematics and henceforth they are among the important indicators of
success in mathematics as well. Understanding of both is required for everyone.
Students as well as individuals often use reasoning along with mathematical
thinking to synthesize or decide on the validity of claims in everyday life.
Reasoning and mathematical thinking consist of all the connections between
experiences and knowledge that a person uses to explain what they see, think and
conclude. They trigger the discovery of new ideas and serve as a tool to explain
why and how a method works (National Council of Teachers of Mathematics
[NCTM], 1991, 2000; Turkish Ministry of National Education [MNE], 2005).

Particularly, reasoning and learn to think mathematically are not only
essential for solving mathematical problems but also important for successfully
adapting the knowledge acquired to real life situations as well (Schoenfeld,
1992). Nationwide and international mathematics curricula coherently state that
these two intertwined attributes should be the integral elements of teaching and
learning of mathematics (MNE, 2005; NCTM, 2000).

Albeit the recent reforms in the mathematics curricula at both national
and international stands, much of the mathematics instruction still focuses on the
procedural and algorithmic applications even at the undergraduate level. The
instances requiring students’ engagement with problems that trigger their
mathematical thinking and reasoning are still sparse. Consequently they tend to
demonstrate poor mathematical thinking and reasoning abilities. This may be
due to the fact that, endorsing mathematical thinking and reasoning that is

persistently suggested by educational policy makers and is also a prerequisite for
1



learning and doing mathematics, typically is not in the agenda of higher
mathematics education and hence depriving students of the situations to
understand why and how a method works when tackling with problems. It is yet
apparent that mathematical thinking and reasoning are still neglected at
mathematics classrooms for variety of reasons as; difficulty of creating real life
situated assessment items to evaluate these concepts, time constraint for lectures
and taking tests including such concepts and the time used in classrooms to
prepare these concepts oriented instruction.

Although mathematical thinking and reasoning are central to teaching and
learning of mathematics, the field of mathematics education has yet not
accomplished to portray a broad view to promote mathematical thinking and
reasoning in coherent with the learning and studying experiences of students
along with affective and demographic constructs at all grade levels particularly at
the undergraduate level. Aside from contributing factors like mathematical
thinking and reasoning to achievement in mathematics, student characteristics
and their way of learning are additional components of promoting mathematics
achievement.

There exist numerous affective factors influencing mathematics
achievement, one of which is; self-efficacy beliefs that is considered to be one of
the strongest predictor of mathematics performance of students (Organization for
Economic Cooperation and Development [OECD], 2006; Pajares, 1996). The
self-efficacy beliefs indicating a person’s perceived ability or capability to
successfully perform a given task or behavior is defined as the conviction in
one’s ability to successfully organize and execute courses of action to meet
desired outcomes (Bandura A. , 1986). Another description of self-efficacy belief
iS; one’s perceived ability to plan and execute to achieve specific tasks (Bandura
A. , 1997). It has been widely investigated in studies that have explored its
relationship particularly with problem solving behaviors in the academic settings
(Bouffard-Bouchard, 1989; Larson, Piersel, Imao, & Allen, 1990 as cited in
Pajares, 1996).

In addition, learning process variables such as approaches to studying and



learning are important factors in determining student's learning progress and are
influential for academic achievement in tertiary education (Murray-Harvey,
1993). Marton and Silj6 (1976) identified two distinct approaches to studying,
namely; deep and surface approach. The deep approach refers to a deeper level
of understanding where the learner understands the content, the argument and the
meaning of the materials and could apply a critical point of view when
interacting with the learning materials. The surface approach involves a
superficial mastery of the learning materials where the learner typically
memorizes the facts. Moreover, there exist motivation and strategic components
that enact with deep, surface and achieving approaches to studying (Biggs J. B.,
1979). The surface approach generally produces a surface grasp of the subject
matter and a low level of conceptual understanding whereas the deep approach
evokes understanding and integrating of principles and concepts (Murray-
Harvey, 1993). Meaning orientation involves the use of deep approach, relating
ideas, evidence, and intrinsic motivation whereas reproducing orientation
includes the use of surface approach, syllabus boundness, fear of failure,
extrinsic motivation, improvidence, disorganized study methods and
achievement motivation (Ramsden & Entwistle, 1981).

It is argued that all these factors do not operate in isolation but form a
complex system that brings about changes in mathematics achievement (Leung,
2001). Individual characteristics such as self-efficacy, problem solving strategies
and studying approaches are known to be the important factors influencing
academic achievement at undergraduate level (Bos&Kuiper, 1999; Hei, 1999;
Minnaert & Janssen, 1992; Watkins, 1986; Schreiber, 2002; Yayan&Berberoglu,
2004). While these variables are believed to influence achievement, little is
known about their interrelationships and their interactive effect on mathematics
achievement more specifically on mathematical thinking and reasoning. So far,
these variables have been studied in relative isolation and their influence on
learning has been assessed as independent effects. Up to date, few studies
examined the relationships of these variables all together and their causal effects
on each other (Keeves, 1986; Murray-Harvey, 1993; Watkins, 1989).



The abundance of research investigating affective factors contributing to
mathematics achievement and given the scarcity of studies on the inspection of
affective factors in particular to mathematical thinking and reasoning constitute
the foundation of this study. For this purpose, this study primarily aimed to
identify the factors and their relationships perceived by undergraduate students
regarding their approaches to studying, self-efficacy and problem solving
strategies, mathematical thinking and reasoning competency and the linkage
among these factors are commonly investigated by using structural modeling
techniques.

Moreover, structural equation modeling is also a prevalently used
practice for testing the factorial invariance that is; the identification of
differences and similarities of the factorial models across different groups.
Testing factorial invariance has been broadly employed in cross-cultural studies.
However, no study has been located in the literature that has examined the
invariance of the factor structure with the aforementioned factors particularly for
samples from Ankara and Northern Cyprus regions. The rationale behind
choosing particularly these two sample groups is that; some cultural differences
might emerge from the comparison of students across two regions. Furthermore,
researcher’s individual and profession related connections to both of these two
regions sets further practical ground for investigation. Secondly, this study aimed
to investigate regional based similarities and differences of the factors regarding
approaches to studying, self-efficacy, problem solving strategies and competency
in mathematical thinking and reasoning across undergraduate students from
Ankara and Northern Cyprus.

Also students’ learning approaches, mathematical thinking and reasoning
could be considered from demographic standpoints. Literature addresses gender
and age related differences regarding these constructs that were usually inspected
in isolated manner (Cole, 1997; Royer, et. al., 1999; Zeeger, 1999, 2000). There
exists no research that the researcher is aware of exploring any gender, grade
level and regional differences on mathematical thinking and reasoning

competency of students and along together their approaches to learning and self-



efficacy, problem solving strategies. Thirdly, this study soughts to explore any
regional, gender and grade level based differences and their interaction effects
attributed to approaches to studying, self-efficacy and problem solving strategies,
competency in mathematical thinking and reasoning among undergraduate
students.

Consequently, this study informs instructors and educational policy
makers on affective and demographic constructs that could be effective in
promoting students’ mathematical thinking and reasoning. It might be helpful for
instructors to pay attention to these attributes when organizing their lectures and
preparing relevant assessments. Pedagogical implications of the findings could
provide essential guidance for researchers in a way to take into consideration of
the identified factors as a complex system and their interaction with each other.
In addition researchers could focus on the rarely discussed issues in the literature
based on the different cultures with same native language.

1.1 Research Questions and Hypotheses

The current research is chiefly concerned with the stated problem: Although
mathematical thinking and reasoning are fundamental to teaching and learning of
mathematics, the field of mathematics education has yet not accomplished to
portray a broad view to promote mathematical thinking and reasoning in
coherent with the learning and studying experiences of students along with other
affective and demographic attributes particularly at undergraduate level. In this
respect, this study aimed to address three main research questions:

(1) What are the factors and their relationships perceived by undergraduate
students regarding their approaches to studying, self-efficacy and problem
solving strategies, mathematical thinking and reasoning competency?

(2)What are the regional based similarities and differences of the factors
regarding approaches to studying, self-efficacy, problem solving strategies and
competency in mathematical thinking and reasoning of undergraduate students

from Ankara and Northern Cyprus regions?
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(3)What are the regional, gender and grade level based differences attributed to
approaches to studying, self-efficacy and problem solving strategies, competency
in mathematical thinking and reasoning of undergraduate students?

In the light of the above, the purpose of this study was four-fold: It aims to
determine the factors that are influential in undergraduate students’ approaches
to studying, self-efficacy, problem solving strategies, competency in
mathematical thinking and reasoning; to explore the interrelationship between
these factors, their contribution to students’ competency in mathematical
thinking and reasoning; to verify the invariance of the factor structure of the
model that best represents data across two regions (Ankara and Northern
Cyprus); to identify any gender, grade level, and regional differences among
these factors and on the overall competency in mathematical thinking and
reasoning of participants.

More specifically, the present study addresses the following questions:

1. What are the factors perceived by undergraduate students in terms of
approaches to studying, self-efficacy and problem solving strategies?
(Statistical analysis: EFA)

2. What are the main factors related to undergraduate students’ mathematical
thinking and reasoning competency? (Statistical analysis: EFA)

3. What are the relationship between these factors and students’ competency in
mathematical thinking and reasoning?

3.1. What linear structural model explains affective factors that are related to

students’ competency in mathematical thinking and reasoning?

Ho: The linear structural model between MO, RO, SO, NAO, MSE, PSS
and MTRC is not statistically significant (see Figure 1 below).

H,: The linear structural model between MO, RO, SO, NAO, MSE, PSS

and MTRC is statistically significant (see Figure 1 below).
(Independent variables: MO, RO, SO, NAO, MSE, PSS; dependent
variables: factors related to MTRC,; statistical analysis: SEM)

3.2. What linear structural model explains the interrelationships between
affective factors and competency in mathematical thinking and

6



reasoning among students?

Ho: There will be no significant relationship between MO, RO, SO,
NAO, MSE, PSS and MTRC.

Ha: There will be significant relationship between MO, RO, SO, NAO,
MSE, PSS and MTRC.

(Independent variables: MO, RO, SO, NAO, MSE, PSS; dependent
variables: factors related to MTRC; statistical analysis: SEM)

4. Do similar structural relationships related to approaches to studying, self-
efficacy, problem solving strategies and competency in mathematical
thinking and reasoning hold across students from both regions (Ankara and
Northern Cyprus)?

Ho: The linear structural model between MO, RO, SO, NAO, MSE, PSS and

MTRC is not statistically significant across two regions (see Figure 1 below).

(Independent variables: MO, RO, SO, NAO, MSE, PSS; dependent

variables: factors related to MTRC; statistical analysis: SEM)

Ha: The linear structural model between MO, RO, SO, NAO, MSE, PSS and

MTRC is statistically significant across two regions (see Figure 1 below).

(Independent variables: MO, RO, SO, NAO, MSE, PSS; dependent

variables: factors related to MTRC,; statistical analysis: SEM)

5. What are the differences among factors regarding approaches to studying,
self-efficacy and problem solving strategies with respect to the gender, grade
level?

5.1. What are the differences among these factors with respect to
undergraduate students at Ankara and at Northern Cyprus regarding
gender?

Ho: There exist no difference between the factors related to approaches
to studying, self-efficacy and problem solving strategies among
undergraduate students with respect to gender.

H,:There exists differences between the factors related to approaches to
studying, self-efficacy and problem solving strategies among

undergraduate students with respect to gender.
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5.2. What are the differences among these factors across undergraduate
students regarding grade level?

Ho: There exist no difference between the factors related to approaches
to studying, self-efficacy and problem solving strategies among
undergraduate students with respect to grade level.

Ha:There exist differences between the factors related to approaches to
studying, self-efficacy and problem solving strategies among
undergraduate and prospective teachers with respect to grade level.

5.3. Are there any significant differences among these factors across
undergraduate students with respect to gender and grade level?

Ho: There is no significant interaction between gender and grade level

upon the factors related to approaches to studying, self-efficacy and

problem solving stratetiges among undergraduate students.

Ha:There is significant interaction between gender and grade level upon

the factors related to approaches to studying, self-efficacy and problem

solving strategies among undergraduate students.

(Independent variables: gender, grade level; dependent variables: MO,

RO, SO, NAO, MSE, PSS; statistical analysis: two-way MANOVA)

6. What are the differences among factors attributed to competency in
mathematical thinking and reasoning among undergraduate students with
respect to region and grade level?

6.1. What are the differences among these factors across undergraduate
students at Ankara and at Northern Cyprus?
Ho: There exist no differences of the factors related to competency in
mathematical thinking and reasoning among undergraduate students with
respect to region.
Ha: There exist differences of the factors related to competency in
mathematical thinking and reasoning among undergraduate students with
respect to region.

6.2. What are the differences among these factors across undergraduate
students regarding grade level?



Ho: There exist no differences of the factors related to competency in
mathematical thinking and reasoning among undergraduate students with
respect to grade level.
Ha: There exist differences of the factors related to competency in
mathematical thinking and reasoning among undergraduate students with
respect to grade level.

6.3. Are there any significant differences among these factors across
undergraduate studentswith respect to region and grade level?

Ho: There is no significant interaction between region and grade level
upon the factors related to competency in mathematical thinking and
reasoning among undergraduate students.

Ha: There is significant interaction between region and grade level upon
the factors related to competency in mathematical thinking and
reasoning among undergraduate students.

(Independent variables: region, grade level; dependent variables: factors
related to MTRC statistical analysis: two-way MANOVA)

7. What are the differences on the total test of competency in mathematical
thinking and reasoning among undergraduate students with respect to region,
gender and grade level?

7.1. What are the differences on the total test in competency in mathematical
thinking and reasoning across undergraduate students at Ankara and at
Northern Cyprus?

Ho: There exist no difference on the total test of mathematical thinking
and reasoning competency among undergraduate students with respect to
region.

Ha: There exist differences on the total test of competency in
mathematical thinking and reasoning among undergraduate students with
respect to region.

7.2. What are the differences across undergraduate students regarding
gender?

Ho: There exist no difference on the total test of competency in



mathematical thinking and reasoning among undergraduate students with

respect to gender.
Ha: There exist differences on the total test of competency in

mathematical thinking and reasoning among undergraduate students with
respect to gender.

7.3. What are the differences across undergraduate students on the total test
regarding grade level?

Ho: There exist no difference on the total test of competency in
mathematical thinking and reasoning among undergraduate students with
respect to grade level.
Ha: There exist differences on the total test of competency in
mathematical thinking and reasoning among undergraduate students with
respect to grade level.

7.4. Are there any significant differences on the total test of competency in
mathematical thinking and reasoning of undergraduate students with
respect to region, gender and grade level?

Ho: There is no significant interaction between region, gender and grade
level on the total test of competency in mathematical thinking and
reasoning among undergraduate students.

Ha: There is significant interaction between region, gender and grade
level on the total test of competency in mathematical thinking and
reasoning among undergraduate students.

(Independent variables: region, gender, grade level; dependent variables:

total test score in MTRC; statistical analysis: three-way ANOVA)

It is hypothesized that determined factors — meaning orientation (MO)
(deep approach, relating ideas, use of evidence, intrinsic motivation),
reproducing orientation (RO) (surface approach, syllabus-boundness, fear of
failure) strategic orientation (SO) (extrinsic and achievement motivation), non-
academic orientation (NAO) (disorganized study methods), mathematics self-
efficacy(MSE) and problem solving strategies (PSS) directly influence students’

10



competency in mathematical thinking and reasoning (MTRC). The latent
variables of the structural model were determined by exploratory and
confirmatory factor analyses of the observed variables. The priori model is

depicted in Figure 1:

Meaning Orientation(MO)

Reproducing Orientation(RO)

Strategic Orientation(SO)

Competency in mathematical
thinking and reasoning (MTRC)

Non-Academic Orientation
(NAO)

Mathematics Self-Efficacy
(MSE)

Problem Solving Strategies
(PSS)

Figure 1 Initial Hypothesized Structural Model
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1.2 Definition of Important Terms

The definitions of the terms are given below in order to provide essential
information of the latent variables used in the structural equation models (SEM)
and in MANOVA and ANOVA analyses in terms of clarity.

Meaning Orientation: This term consists of deep approach - looking for

underlying meaning and interacting it actively by linking it with real life; use of
evidence — critical inspection of evidence and relating ideas - relating new
knowledge with the former ones; intrinsic motivation - learning for own’s sake
(Ramsden,1997, p. 211). It is measured through adopted version of Approaches
to Studying Inventory that was developed by Entwistle and Ramsden (1983).

Reproducing Orientation: It includes; surface approach- relying on rote learning;

being conscious of exam demands; syllabus-boundness - prefering to restrict
learning to defined syllabus and specified tasks; fear of failure: being anxious
about assessment demands; lacking in self-confidence; improvidence being not
prepared to look for relationships between ideas; fact-bound (Ramsden, 1997, p.
211). 1t is measured through adopted version of Approaches to Studying
Inventory that was developed by Ramsden and Entwistle (1981).

Strategic Orientation: It includes; strategic approach - trying to find out about

assessment demands; seeks to impress staff; extrinsic motivation- qualifications
as main source of motivation for learning; achievement motivation- competitive
and self-confident; motivated by hope for success (Ramsden, 1997, p. 212). It is
measured through adopted version of Approaches to Studying Inventory that was
developed by Ramsden and Entwistle (1981).

Disorganized Study Methods: It refers to organizing time ineffectively, not

prompt in submitting work (Ramsden, 1997). It is within the sub dimension of
non-academic orientation. It is measured through adopted version of Approaches
to Studying Inventory that was developed by Ramsden and Entwistle (1981).

MathematicsSelf-Efficacy: Self-efficacy, the conviction in one’s ability to

successfully organize and execute courses of action to meet desired outcomes



(Bandura, 1986). Specifically, it is defined as one’s confidence in having the
necessary resources to succeed in mathematics (Pajares & Miller, 1997).

Problem Solving Strategies: Problem situation requires the use of reasoning and

mathematical thinking abilities that has no obvious way that yields directly to
the solution.The way that students solve a problem, the information considered
in the solving it, choice of strategy and his/her representation and contribution is
more important than the answer of a problem (NME, 2005, pp.14-15). It
indicates one’s approach to a problem situation on why, what and how has been
done.

Mathematical Thinking: This term refers to the connections to construct some

sort of mathematical understanding where it is applied to given situation. It also
means developing mathematical capabilities using the tools necessary in the
mathematics classroom. It is defined as being able to express concrete factual
relations in abstract terms and deriving into generalizations. In this respect,
mathematical truth is not factual but in logical manner (NME, 2005, p.5).It
involves discovery, logically relating ideas and expressing ideas, predicting
intuitively the relationships among facts and procedures and employing this to
problem solving. It includes recognizing, establishing, expressing, classifying,
generalizing and linking it to real life situations and hence inferring to
conclusions linking between mathematical procedures, concepts and conceptual
structures (NME, 2005, p. 14).

Problem solving requires thinking mathematically as one needs basic
knowledge of mathematics to solve problems (NCTM, 1991; NME, 2005, p. 14).
It involves “the development of a mathematical point of view valuing the process
of mathematization and abstraction and having the predilection to apply them;
and the development of competence with the tools of the trade, and using those
tools in the service of the goal of understanding structure” (Schoenfeld, 1992, p.
335).

Reasoning: Student’s ability to conclude from assumed facts leading from
hypothesis to conclusion. The process may include analysis, arguments, and

verification (Lee, 1999). It involves being able to infer logically, using
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mathematical models, rules and relations when expressing own’s
thoughts,defending the solution methods and the conclusions regarding a
problem,when analyzing mathematical situations being able to use relations,self
believing that mathematics is logical and meaningful subject, being able to
predict (NME,2005, p.17). It involves the ability to observe and make
conjectures, making logical deductions based on specific assumptions and rules,
and justifying results (TIMSS, 2003).

Analytic reasoning: learners must apply principles of formal logic in determining

necessary& sufficient conditions or in determining if implication of causality
occurs among the constraints and conditions provided in the problem (OECD,
2003).

Quantitative reasoning: learner must apply properties and procedures related to

number operations form mathematics to solve problem (OECD, 2003).

Logico-deductive reasoning: conclusions (new knowledge) follow from premises

(old knowledge) through the application of arguments (syllogisms, rules of
inference) (OECD, 2003).

1.3 Significance of the Study

This research work was initially inspired by evidence from classroom
instructions that was observed by the researcher in various occasions. Although
mathematical thinking and reasoning are considered at the center of learning and
doing mathematics and persistent emphasis was addressed in both national and
international mathematics curricula, the instances that require students’
engagement with real life situated problems triggering their mathematical
thinking and reasoning are still rare and thus they still tend to demonstrate poor
mathematical thinking and reasoning abilities.

Besides, the path of learning to think mathematically inevitably passes
through developing accurate problem solving strategies and hence reasoning
abilities in the first place (Schoenfeld, 1992). Thus, problem solving strategies

could shed light on the nature of mathematical thinking. For the successful
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engagement with problems students should be able to apply their mathematical
thinking and reasoning skills to non-routine, real life situated problems.

A significant body of research indicates that mathematical thinking and
reasoning are essential contributors of achievement in mathematics. However,
little investigation has been done to determine whether or not undergraduate
students particularly prospective teachers are properly equipped with these
necessary skills in a manner to understand the conceptual link between students’
learning approaches, problem solving strategies and mathematical thinking and
reasoning abilities they posses. Combining and investigating all these attributes
in relation with each other at once, provides a more complete vision and
understanding of students’ competency in mathematics.

Participants of this study most likely came from almost various region of
Turkeyand Northern Cyprus with different educational experiences and
knowledge. Hence conducting this study at undergraduate level constitutes more
diverse sample representing various regions of Turkey and Northern Cyprus.
Besides, this research focused partly on students from mathematics based
departments that might provide clues about the claim that exposure to study
mathematics more than any other disciplines could yield to the development of
mathematical thinking and reasoning abilities in general (Inglis & Simpson,
2008).

Moreover, prospective teachers subject to this study are candidates for
educating tomorrows individuals’ therefore potential knowledge on their abilities
on the declared affective and demographic constructs could also provide clues to
education policy makers and curriculum developers. It was also stated that
preservice teachers tend to perfom poorly on tests requiring mathematical
thinking and reasoning and they usually avoid taking mathematics courses
(Leung, 2001). In this respect, this study could give clues about the condition of
prospective teachers.

One focus of this study is to clarify the interrelations among aforementioned
factors and students’ competency on mathematical thinking and reasoning. As

these factors are believed to affect mathematics achievement one by one, little is
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known about their connections with mathematical thinking and reasoning all
together. In general, these factors were examined independently and few studies
have made an attempt to investigate some of these variables simultaneously and
their causal effects on each other.

These complex relationships could only be identified and inspected by using
structural equation models (SEM). SEM could give a comprehensible overall
picture of how all these constructs are connected to each other and their
contribution to students’ competency in mathematics. It could be used as a
method to reveal the factors that support or lessen students’ success in
mathematics and could provide clues to the instructors to alter their instructional
practices to best fit to the needs of their students.

In addition, structural modeling technique was also employed to test the
invariance of factor structure across groups. This method of investigation is
informative in a way to provide insight about the similarities and the differences
across different groups. Also, this study is an attempt to explore any occurring
regional based differences and similarities among students from Ankara and
Northern Cyprus regions. No studies were found to grant such information in the
literature. The researcher’s personal and profession related connections to these
two regions made it possible to investigate the regional based differences with
respect to the formerly mentioned factors. These two regions might give clue
about some emerging cultural differences among regions.

Furthermore, this study could supplement valuable information in the area of
gender, grade level related differences in terms of affective factors and
mathematical thinking and reasoning abilities of students and prospective
teachers. This research not only pinpoints any possible particular grade level
impact at which students’ mathematical thinking and reasoning and their
approaches to studying/learning may differ, but also has attempts to identify
differences with respect to gender whether to see if there exists any gap between

male and female students regarding the constructs of this study.
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CHAPTER 2

LITERATURE REVIEW

This chapter is an overview of the relevant literature in the following areas:
(1) mathematical thinking and reasoning (MTR) as contributors of mathematics
achievement and its relation to problem solving strategies (PSS); (2) studies on
affective (self-efficacy and approaches to learning/studying), demographic

(gender, region and grade level) factors and mathematics achievement.

2.1 MTR in Math. Achievement and in Problem Solving Strategies

Research on students' achievement in mathematics has received considerable
attention for many decades. Some studies try to clarify reasons behind the poor
mathematics performance of students in international assessments like
Programme for International Student Assessment [PISA], Third International
Mathematics and Science Study [TIMSS] and National Assessment of
Educational Progress at United States of America [NAEP] (Harel&Sowder,2007,
pp.24-25; Giizel,2003; Giizel&Berberoglu,2005; Papanastasiou, 2000a, 200b;
Patterson et.al., 2003). While, other studies focussed on exploring key
components of learning and doing mathematics (Edwards et. al., 2005; Leung,
2001; Rasmussen et. al., 2005; Schoenfeld, 1992; Selden&Selden, 2005;
Tall,1991). In the latter case, mathematical thinking and reasoning skills serve
as an essential component, in the construction of new mathematical knowledge
and hence fostering successful engagement with mathematics learning.

Yet, researchers have agreed neither on the meaning of mathematical
thinking nor in the underlying components that it involves. One framework
pertaining to this study is, to define mathematical thinking in terms of its

defining features which is known as prototypical framework (Rosch, 1973, 1978
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as cited in Strenberg, 1996, p. 304). According to Sternberg (1996, pp. 305-333)
this framework includes, psychometric, computational, cultural, pedagogical, and
mathematical approaches.

The key components stated in the secondary mathematics education curricula
of Turkish National Ministry of Education, involve; discovery, logically relating
ideas and expressing ideas, predicting intutivley the relationships among facts
and procedures and employing this to problem solving. It includes recognizing,
establishing, expressing, classifiying, generalizing and linking it to real life
situations and hence inferring to conclusions linking between mathematical
procedures, concepts and conceptual structures (NME, 2005, p. 14). In addition,
reasoning involves being able to infer logically, using mathematical models,
rules and relations when expressing own’s thoughts, defending the solution
methods and the conclusions regarding a problem, when analyzing mathematical
situations being able to use relations, self believing that mathematics is logical
and meaningful subject, being able to predict (NME, 2005, p.17). It is the ability
to observe and make conjectures, making logical deductions based on specific
assumptions and rules, and justifying results (TIMSS, 2003).

In order to develop high level of mathematical thinking and reasoning
students should be exposed to opportunities in the classrooms and genuine
problem situations should be put forward to tackle with such situations by
applying necessary problem solving strategies (Fennema et al., 1996;
Henningsen&Stein, 1997). Tall(1991) also contented in a similar manner that
moving from fundamental mathematical thinking to more advanced level
involves a transition, where at first students approach concepts intuitively based
on their experiences and later on they learn to use formal definitions and where
their thinking is reconstrued through logical inferencing.

The overlapping defining characteristics of mathematical thinking and
reasoning require; the ability to infer logically, being able to obtain mathematical
representations, particularly in everday life situations that trigger creativity,
applying adequate computational skills to the problem situations that require

guantitative reasoning. Sternberg (1996, p. 313) stated that creative mathematical
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thinking is essential for advancement in mathematics and he commented on the
prospective mathematicians that as they advance in their education they acquire
better analytical reasoning while having poor creative thinking skills. Other
researchers also emphasized the importance of logical inferencing (Durand-
Guerrier, 2003; Epp, 2003; Inglis&Simpson, 2004).

Mathematical thinking and reasoning are deeply interconnected along with
affective constructs such as approaches to learning in a way that students’
approaches to learning have impact on their mathematical thinking. On the other
hand, it was stated that little is known about the interaction of mathematical
thinking and the affective constructs (Evans, 2000, p.4).

Students’ mathematical thinking and reasoning and problem solving
abilities are also intertwined with each other in a way that improving one aspect
also enchances the other (Evans, 2000). Problem solving requires such way of
thinking mathematically when one needs the basic knowledge of mathematics to
solve problems (NCTM, 1991; NME, 2005, p. 14). It involves the development
of a mathematical point of view; appreciating the process of mathematization
and abstraction and having the tendency to apply them; and the development of
competence with the tools of the trade, and using those tools in the service of the
goal of understanding structure” (Schoenfeld, 1992, p. 335).

In order to improve mathematics achievement, problem solving approaches
of students should be taken into account. When students encounter with rountine
or traditional problems that require applying basic facts and procedures carrying
out basic computational skills they usually accomplish it well, but when it comes
applying those skills to authentic or real world mathematical problems it seems
that only few of them are successful. This implies that mathematical problem
solving performance of the students who posses those skills do not always
comply with their performance at non- traditional mathematical problems. In that
respect, being aware of the steps of the problem solving behaviors could shed
light to enchancing students’ engagement with problems more conscientiously so
that they could be able to explain what they prefer and why they do it that
constitutes the main steps of problem solving approach.
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Schoenfeld (1992) developed a model for studying problem solving
approaches of college students. He observed that students focus superficially on
the mathematical concepts. When they are asked to reflect upon their own
thoughts and self-monitor their strategies, their behavior approach to those of
experienced students. He also identified instructive differences among novice
and experienced student approaches when solving a mathematical problem. It
was found out that, novice students usually stick to and apply the first idea that
came to their mind and approach problem using this idea while experienced ones
try alternate approaches and if they are not successful they change their strategy.
In addition, it was noted that novice students give up easily and they are not
cautious about jumping to conclusions whereas experienced students spent much
time on organizing of their solutions.He remarked that when students are aware
of what they are doing, why they are doing it, and how they are doing, improve
their capability of solving problems efficiently. Hence, helping students to
improve their mathematical thinking and reasoning passes from to recognizing
the processes they exhibit when engaged in problem solving (Schoenfeld, 1992).

It was stated at NAEP report dated in 1986 that, students tend to perform
higher on the basic computational skills than on higher order skills in problem
solving in mathematics. Reason for that result could only be understood by
clarifying how students build their approach when problem solving and how they
justify their conclusions. Identfying problem solving strategies of students is

curical in this respect.

2.2 Affective, Demographic Factors and Mathematics Achievement

As a recommended research trend in mathematical thinking studies Sternberg
(1996, p. 304) emphasized the importance of investigating how affective
constructs i.e. self-efficacy influence the abilities of students in mathematics as
well. Among the affective constructs in relation to mathematics achievement,
two key categories relevant to this study are; approaches to learning and self-
efficacy that brought attention to the fact that the both factors are considered as

extremely essential for achievement in mathematics.
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These affective constructs derived from frameworks that thus far discussed
under cognitivist, behavioral, constructivist and humanistic-motivational
perspectives. The learning approach theory that is subject to this study comes
from the motivationally oriented paradigm. Approaches to learning as a theory
has been stated to integrate many factors in a comprehensive manner that could
be used as an effective framework to analyze the relationship among affective
along together cognitive constructs (Bessant, 1995)

Approach to learning has always been confused with style of learning
where the distinction between these two lies in that; learning approach is the
combination of both study/learning habits and motivational dispositions as stated
by Biggs (1990) whereas learning styles are rather structural and represent form
not the process (Kolb, 1984).

In terms of context, learning approach is relying on the context that is,
student’s approach may differ depending on the context whereas learning styles
are said to be invariant regardless of the context. Besides, in the learning
approach, individual characteristics are not exclusive to the process; however,
student’s engagement with the learning situation that determines and shapes
his/her approach to learning (Entwistle & Ramsden, 1983).

The pioneer contributors of students’ approaches to learning and studying
are Marton and Silj6 (1976), Biggs (1987, 1990), Entwistle and Ramsden (1983)
and Ramsden (1987, 1988, 1997). These researchers have mainly investigated
the relationship between students’ learning outcome and their approaches to
learning and studying.

Biggs (1987) developed presage-process-product model of student
learning where presage variables could be regarded as affective constructs that
constitute students’ learning experiences, process variables comprise of their
approaches to learning and product variable could be achievement. Later on,
Biggs (1987) and other researches confined their research on the process part,
that includes two key components; motives and strategies where the motive is the
driving force of the student during tackling with a task and students’ ways of

engaging with tasks constitute strategies.
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These researchers have elicited two major approaches to
learning/studying namely; deep and surface approach methods at academic
settings. These two distinctive approaches were observed in reading tasks by
Marton and Séljé (1976), and approaches to studying was examined and was
extended to lifetime practices by Biggs (1999) and they were also investigated at
the undergraduate level (Entwistle and Ramsden, 1983; Prosser & Trigwell,
1999).

The deep approach is associated with comprehension of underlying
meaning and surface approach is related to reproducing superficial facts and
concepts mainly based on rote memorization, in the general sense, it yields to
studying just for the sake of avoiding failure, instead of grasping meaning and
understanding the relation to other information and how that information could
be employed to other situations.

According to Ramsden (1997) deep approach is linked with three other
factors; relating and distinguishing evidence (using evidence), relating former
knowledge to new ones (relating knowledge) and emphasizing internally
acquired eagerness in learning (intrinsic motivation) that the entire group was
named as meaning orientation (Entwistle and Ramsden,1983, pp.193).

Whilst, surface approach is associated with the other three factors;
preference for well-organized tasks (depending heavily on syllabus and staff),
displaying anxiety at academic endeavours(fear for failure), tendency to focus on
unrelated parts of a task(improvidence) that was named as reproducing
orientation as a whole group of attributes (Entwistle and Ramsden,1983, pp.193;
Entwistle & Tait,1994).

Apart from these two approaches, there exists a third approach known as
achieving/strategic approach which is defined as the combination of three sub-
factors; being aware of the demands of the staff about the task and act
accordingly (strategic), acquiring qualifications are the main motive for learning
(extrinsic motivation), being competent and success oriented (achievement
motivation) (Biggs, 1987; Ramsden, 1997; Prosser & Trigwell, 1999).
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Moreover, Ramsden (1997) gathered negative attributes about students’
approach to learning under the non-academic based orientation dimension
involving yet other three factors as; disorganized study habits (inefficient and
irregular time organization during working), lack of interest and minimum
involvement to work (negative attitudes towards studying) and concluding
without evidence (globetrotting). However, later on these factors were eliminated
by the researchers because of the inefficiency in their measurement.

The aforementioned learning approaches were researched through two
main instruments; the Study Process Questionnaire (Biggs, 1987) and
Approaches to Learning questionnaire (Entwistle et al., 1979). From these
studies, the Approaches to Study Inventories began to evolve Entwistle (1981).
Later on, the studies have focussed on refining scales to produce distinct and
elaborate sub-dimensions. Mainly, meaning, reproducing, and achieving
orientations were included, to investigate undergraduate students’ approaches to
learning (Entwistle & Ramsden, 1983).

Some researchers conducted interdisciplinary and cross-cultural studies
by using the Approaches to Studying Inventory (ASI). Among these studies,
Berberoglu and Hei (2003) employed adopted Turkish and Chinese translated
versions of ASI to a convenience sampling of university students in Turkey
(N=464) and in Taiwan (N=546) from various departments; social and natural
sciences, engineering, literature and arts. Results indicated that Turkish students
have reported higher scores than Taiwanese students in the sub scales regardless
of the approach used. There was no significant difference among the two cultures
in terms of meaning and reproducing orientation subcomponents however,
Turkish students seem to favor meaning orientation subcomponents more often
than Taiwanese students. Besides, Turkish students tend to use surface approach
methods, syllabus-boundness and fear of failure more frequently as compared to
their counterparts. In addition, when the gender is considered there exist no
interactions of gender groups across two cultures in reproducing and strategic
orientation. In the strategic orientation dimension, Turkish students prefer

extrinsic and achievement motivation more often than Taiwanese peers. Males
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were found to be more strategic-oriented than females. Moreoever, Taiwanese
female students were less meaning oriented than Taiwanese males. On the other
hand, no difference was detected for the Turkish students.

Hei (1999) in her dissertation investigated the factors related to approaches to
learning and their similarities and differences among 465 Turkish and 549
Taiwanese university students across different disciplines. Results indicated that
Taiwanese female students were more syllabi bounded and less achievement
oriented than Taiwanese male students. Both Turkish and Taiwanese females
have fear of failure than males. Taiwanese students prefer memorization
strategies prior to deep approach but have reported that they have more tight
schedules than Turkish students.

In terms of learning outcomes, meaning orientation involving deep
approach method is said to be linked with higher quality of learning outcomes
hence requiring engagement with higher cognitive skills whereas reproducing
orientation including surface approach method is related to employing low level
cognitive processes (Biggs, 1987, Entwistle, 1982; Marton and Siljo, 1997;
Ramsden, 1992). Moreover, there exist positive relationships among students’
approaches to learning ad achievement in exams (Entwistle&Tait, 1994, Trigwell
and Prosser, 1991). However, in Hei (1999)’s study no significant relationship
was observed between the university entrance scores and the approaches to
studying of students across Taiwan and Turkey. Yet, Turkish students who
obtained high scores at the exam do not necessarily use deep approach methods
and seem to use memorization strategy less than other students.

These learning approaches as was mentioned previously are not attributes
of individual learners. A learner may adopt any of these approaches at different
occasions. The deep and surface approaches are distinct whereas from time to
time achieving approach could be associated by one or the other. This may be
due to their close connection with types of motivation. For instance, the deep
approach is correlated with intrinsic motivation and the surface approach with
extrinsic motivation while the achievement motivation is linked to strategic

approach. Nevertheless, either approach can be adopted by a student with either
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type of motivation. However, it was observed that high achieving students tend
to exhibit combination of achievement and deep approach methods together
(Biggs, 1987). Also students who develop a strategy in effective use of academic
resources to obtain good marks may display a combination of achievement and
surface approach methods together.

Self-efficacy is defined by Bandura (1986) as the conviction in one’s ability
to successfully organize and execute courses of action to meet desired outcomes
and it is regarded as one of the strong predictors of mathematics achievement
(Pajares, 1996). It stands for a student’s sense of ability to plan and execute
actions to achieve an academic goal and also represents students’ confidence in
their cognitive and learning skills in performing a task and (Bandura A. , 1997).
Four defining elements of self-efficacy are; one's performance in prior similar
tasks, one's learning explicit by others, one's receiving praise from others, and
one's emotional reaction to tasks (Bandura A. , 1997).

Studies reported that senior prospective mathematics teacher students have
higher self-efficacy scores as compared to junior elementary mathematics pre
sevice teachers (Isiksal & Cakiroglu, 2006). They argued that senior students are
more experienced than freshmen students that could explain this difference. This
finding is also in line with Umay (2001)’s work with 127 elementary pre service
mathematics teacher students.

It was pointed out that there was a positive relationship among self-efficacy
and academic achievement that is; the higher self-efficacy beliefs of students the
better they perform at academic settings (Schunk & Zimmerman, 1994).

Third International Mathematics and Science Study (TIMSS) findings also in
coherent with the literature, indicating self- efficacy’s strong positive impact on
mathematics achievement along with other student, teacher, and school related
constructs as well (Papanastasiou C. , 2000).

Students with high self-efficacy beliefs were reported not give up easily
when encountered with challenging problems (Bandura & Schunk, 1981).
Although its relation to academic achievement, it worths mentioning due

to it relevance to affective variables involved in the study and hence their
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influence on academic achievement, a structural modeling study was carried out
by Drew and Watkins (1998) who investigated the interrelationships of affective
variables (locus of control, academic self-concept), learning approaches and
academic achievement outcomes with 162 first year university students in Hong
Kong. Findings pertaining to this study revealed that, surface approach has a
negative direct moderate effect on academic achievement whereas deep
approaches to studying showed positive moderate direct effect on academic
achievement.

Leung and Man (2005) investigated with structural modeling the
relationship of 410 preservice teachers’ affective traits (mathematics teaching
self-efficacy; mathematics self-concept; teaching attitudes towards mathematics,
mathematics beliefs) and their impacts on mathematics achievement at Hong
Kong. Their model based on the three stage model of Biggs (1987). The results
show that mathematics teaching self-efficacy acts as the mediator of affective
characteristics, learning approaches and mathematics achievement. The findings
indicate that mathematics teaching self-efficacy directly influences achievement,
as there is also a direct path of strength 0.33 linking mathematics teaching self-
efficacy and mathematics achievement. However, mathematics teaching self-
efficacy indirectly influences achievement through deep approach and surface
approach to learning because mathematics teaching self-efficacy put forward a
positive strong impact(0.60) on deep approach and positive moderate(0.26)
impact on surface approach to learning. It could be concluded that pre-service
teachers’ mathematics teaching self-efficacy influences their both approach to
learning and the higher the efficacy they held, they are more likely to prefer deep
approach method.

Gonske (2002) in her phenomenographical dissertation examined the
relationships among five components of mathematics anxiety, six beliefs about
the nature and the learning of mathematics, and three learning approaches of 129
non-traditional (age 25 and over) students that were enrolled to elementary
algebra, intermediate algebra, college algebra, trigonometry, and introductory

statistics courses at three community colleges. Adopting surface approach
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methods was found to be a significant contributor to mathematics anxiety and
hence impedes mathematics achievement. Also it was noted that memorizing
was found to be defining feature for surface approach and deep approach is
characterized by understanding. Apparently, participant students use
memorization as a strategy to attain deeper understanding.

Baker (2004) investigated the mathematical skills in the contex of
problem solving and its relationship to math anxiety, and approach to learning
(surface, deep, strategic) 27 undergraduate preservice teacher education students
that were enrolled to elementary mathematics methods class. The common
approach that preservice students use was the strategic approach, at pre and post
course. In the end, deep-associative approach replaces the surface-disintegrated
approach for second place. This implies a growth in these preservice teacher
education students as mathematicians and problem solvers since the surface
approach to learning has negative association and the deep approach is a much
more positive and deeply intrinsic approach to learning. Positive correlations
were found between both among the strategic study and deep-associative study
approaches and problem solving. There exist no relation between surface-
disintegrated study approach and problem solving.

Some researchers have attempts to develop structural models to explain the
mathematics achievement of students along with affective factors as self-
efficacy. In this respect, Mousoulides and Philippou (2005) examine the
relationships between motivational beliefs such as self-efficacy, self regulation
strategies use, and mathematics achievement in 194 Cypriot pre-service teachers.
The study revealed that self-efficacy being a strong positive effect on
mathematics achievement while self-regulation strategies use having negative
moderate effect on achievement.

Another modeling study, Pimta et. al. (2009) investigated factors
(concentration, attitude towards mathematics, achievement motive, self-esteem
and teacher’s behaviors, self-efficacy) influencing mathematical problem-solving

ability of 1028, sixth grade students in Thailand. It was found out that self-
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efficacy took positive indirect effect on the mathematical problem solving of
students by through achievement motive, attitude and concentration.

Few studies from the literature have showed the the impact of grade level of
students on their study/learning approaches.These studies indicate that as
students get older they tend to use deep and achieving approaches and appear to
use surface approach methods less often (Zeegers, 1999, 2001). Zeegers (1999)
indicated that students who adopt surface approach method in their earlier grade
levels may still preserve the same approach to learning.

Besides, gender differences do exist in mathematics performance usually
favoring males where these differences are mrore apparent at high school and
university levels. Royer et al. (1999) found that male students outperformed
females on standardized mathematics achievement tests in which he claimed that
male students might be more prone to grasping mathematical facts and
procedures easily on the other hand females are more competent in verbal
processing tasks.

Cole (1997) reported on a longitudinal study on elementary and high school

females’ success on basic computational mathematical items in standardized
tests whereas males prevailing competency on mathematical conceptual
questions that require higher order thinking skills. One contradictory result came
from Pajares (1996) that examined the self-efficacy of gifted students and its
relation to mathematical performance particularly to problem solving. The study
revealed that females outscored males in problem solving while no difference in
self-efficacy of both male and female students.
In another study, Isiksal and Askar (2003) investigated gender differences in
mathematics and computer self-efficacy 123 seventh and eigth grade elementary
students. They found out no significant mean difference among males and
females with respect to their mathematics self-efficacy.

Gender differences also exist concerning the approaches to learning. The
deep approaches to learning was more frequently preferred by males whereas
females showed more often a surface or reproducing approach to learning
(Severiens & Ten Dam,1994 as cited in Berberoglu& Hei,2003).
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Some studies examined the similarities of the factor structure mainly
across different cultures (Berberoglu& Hei, 2003; Giizel& Berberoglu, 2005)
and across different groups such as gender, school types and years (Arikan,
2010). Giizel and Berberoglu (2005) using PISA 2000 data have developed and
tested a model for Brazilian, Japanese and Norwegian students with the factors
attitudes towards reading, student-teacher relations, classroom climate,
communication with parents, use of technology, attitudes towards mathematics,
and reading literacy whereas Berberoglu and Hei (2003) explored the similarities
and differences across Turkish and Taiwanese university students with respect to
approaches to learning dimensions. In addition, Arikan (2010) have inspected
and proposed three-factor model for mathematics subtest for national student
selection test regarding mathematical thinking skills on the invariance of the
factors across gender, school types and years. In that respect, identifying regional
based similarities and differences across different groups could provide a unique
opportunity for comparing and contrasting results and gaining insight about

different groups at once.

2.3 Summary of the Literature Review

Mathematics achievement in particular, how to improve mathematics
performance has at all times been the central attraction for researchers, educators
and policy makers. However, any kind of improvement could be possible by
gaining deeper understanding of the subcomponents that are crucial in the
enhancement of mathematics achievement.

Among many of the attributes, one key component is to learn how to think
and reason mathematically. However, the process of learning on how to think
and reason mathematically is still considered as a great debate in which many
researchers have up to date contributions on this crucial matter (Sternberg, 1996;
Tall, 1991). The international and nationwide mathematics curricula and
assesments persistently emphasize the importance of fostering mathematical
thinking and reasoning skills. Despite the debate that what constitutes
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mathematical thinking, the overlapping defining components such in which the
researchers have consensus are subject to this study. It was indicated that
students’ approach to a problem is also a determining feature and key to success
in solving problems (Lee, 1999; Schoenfeld, 1992).

Yet, it is not sufficient to discuss and investigate this issue as a stand-alone
practice due to the existence of considerable amount of other contributing factors
to mathematics achievement. Among these, one of which could be considered as
approaches to learning though that were usually inspected in isolated manner.
Some studies have mainly focused on deep and surface approach methods that
are distinct from each other (Baker, 2004; Drew&Watkins, 1998; Gonske, 2002;
Leung, 2001, Leung&Man, 2005). There exist also studies including a third
approach along with the former two which is called strategic or achieving
approach (Ramsden, 1997). Findings of these studies have generally agreed
upon positive influence of deep approach on achievement in both academic
settings specifically in mathematics and negative impact of surface approach on
achievement. It was observed additionally that even high achieving students
could from time to time display the combination of surface and achieving
approaches together although the meaning oriented learning approaches
including deep approach is often associated with higher learning outcomes and
high achievement. Yet, these learning approaches are context dependent and
could be to some extent stable with respect to age (Zeegers, 2001).

In addition, approaches to learning also includes non academic oriented
dimension as well and it is quite commonly observed in the Turkish culture to
use habitually disorganized study methods that may result due to heavy course-
work load, inefficient use of time and the teaching merely based on rote
memorization approaches that might be influential in true attainment of
mathematical thinking and reasoning.

Apart from all these attributes, significant amount of studies have found out
that self-efficacy plays an important role in the prediction of success in
mathematics and it is important in the enhancement of mathematics achievement

(Bandura, 1986; Pajares, 1996, 1997). As the strong predictor of success self-
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efficacy in mathematics it was remarked that it should be investigated in
particular relation to mathematical abilities of students (Sternberg, 1996). Studies
with pre-service mathematics teachers revealed that as students get older they
gain more experienced and as result they become more confident in their own
abilities (Umay, 2001; Pajares, 1996)

However, yet to date no study was encountered in the literature that tried to
clarify the relationships among these factors and their possible contribution to
the mathematical thinking and reasoning competency of undergraduate students.

Moreover, in the literature there exist studies on gender related differences in
mathematics success (Berberoglu& Hei, 2009; Cole, 1997; Royer et. al., 1999;
Schunk& Pajares, 2001) and grade level related differences (Zeegers, 1999,
2001) and cross-cultural studies was found to investigate these aforementioned
differences based on culture(Berberoglu& Hei, 2009). This study also makes a
valuable contribution to the existing literature on the exploration of regional,
gender and grade Ivel related differences on the previously mentioned affective

factors and mathematical thinking and reasoning competency.
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CHAPTER 3

METHODOLOGY

This part presents the design of the study, population, sample,
development and validation of the scales, the validity and reliability issues,
procedures for collecting data and analysis of data, handling missing data and

outliers.

3.1 Research Design

There are three major aims of this study: (1) to explore the factors and their
relationships perceived by undergraduate students regarding their approaches to
studying, self-efficacy and problem solving strategies, mathematical thinking and
reasoning competency; (2) to reveal potential regional based similarities and
differences of the factors regarding approaches to studying, self-efficacy,
problem solving strategies and competency in mathematical thinking and
reasoning of undergraduate students from Ankara and Northern Cyprus regions;
(3) to investigate any regional, gender and grade level based differences
attributed to approaches to studying, self-efficacy and problem solving strategies,
competency in mathematical thinking and reasoning of undergraduate students.

The correlational and causal comparative research designs as mentioned in
Fraenkel and Wallen (2003) fulfill all three purposes of this study. The data was
collected in a cross-sectional manner that is; the scales used in this study were
administered to the participants at once. The quantitative data obtained were
analyzed through SEM, two-way MANOVA and three-way ANOVA statistical

techniques.
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3.2 Population and Sample

The target population of the study was undergraduate students from
elementary, secondary mathematics education, early childhood and classroom
teacher education, mathematics departments that were enrolled to 2010 spring
and summer semesters in Ankara and in Northern Cyprus. The accessible
population was 431 undergraduate students from these departments that were
enrolled to 2010 spring and summer semesters in Ankara and in Northern Cyprus
regions. As declared by the former director of Atatiirk Teacher Training
Academy at Northern Cyprus, the total number of enrolled students was 310 at
the time of administration of this study. In addition, the Table 1 below shows the
annual number of students accepted to the departments subject to this study that

was retrieved from the website of the Central Placement Center of Turkey.

Table 1 Annual Capacities of Participating Departments

Institution Department Capacity
METU Mathematics 75
Gazi University Mathematics 60
Gazi University SecondaryMathEduc. 60
Hacettepe University SecondaryMathEduc. 95
Hacettepe University Mathematics 95
Near East University Mathematics 60

Eastern Mediterranean Uni. Elementary Math. Educ. 102

The rationale for conducting this study with undergraduate students is that;
participants most likely come from almost every region of Ankara and Northern
Cyprus with various educational experiences and knowledge. Hence conducting
this study at undergraduate level constitutes more diverse sample representing
various regions of Turkey and Northern Cyprus. Besides, this research focused
partly on students from mathematics based departments that might provide clues
about the claim that exposure to study mathematics more than any other
disciplines could yield to the development of mathematical thinking and

reasoning abilities in general (Inglis & Simpson, 2008). Moreover, prospective
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teachers subject to this study are candidates for educating tomorrows individuals’
therefore potential knowledge on their abilities on the declared affective and
demographic constructs could also provide clues to education policy makers and
curriculum developers.

This study was administered to undergraduate mathematics, early childhood
and classroom teacher education, elementary and secondary mathematics
education students at all grade levels in Ankara and in Northern Cyprus regions
during the spring and summer semesters of 2010. The analysis in the present
study was based on data collected from 431 students. The major characteristics
of the sample were documented in the Table 2:

Table 2 Major Characteristics of Participant Students

University Frequency Percentage (%)
Gazi University 66 15.3
Hacettepe University 106 24.6
Eastern Mediterranean University 56 13.0
Atatiirk Teacher Training Academy 139 32.3
Middle East Technical University 59 13.7
Near East University 5 1.2
Total 431 100.0
Department

Mathematics 180 41.8
Elementary Mathematics Education 56 13.0
Secondary Mathematics Education 57 13.2
Classroom Teacher Education 76 17.6
Early Childhood Education 62 14.4
Total 431 100.0
Grade Level

1 86 20.0
2 115 26.7
3 109 25.3
4 111 25.8
5 8 1.9
Total 429 99.5
Missing 2 0.5
Total 431 100.0
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Table 2 (continued)

Gender Frequency Percentage (%)
Male 148 34.3
Female 281 65.2
Total 429 99.5
Missing 2 0.5
Total 431 100.0
CGPA(out of 4.00)

0.70-1.37 14 3.2
1.38-2.02 93 21.6
2.03-2.68 132 35.3
2.69-3.33 115 26.7
3.34-4.00 57 13.2
Total 421 97.7
Missing 20 4.6
Total 431 100.0

3.3 Instruments

Two main scales were used for data collection; the adopted version of the
survey on students’ approaches to studying/learning which was developed by and
Ramsden and Entwistle (1981) with additional items on demographic profile,
with self-efficacy in mathematics and problem solving strategies and the test on
mathematical thinking and reasoning competency that was developed by the
researcher. The medium of instruction at participant universities and at Atatiirk
teacher training academy is in Turkish and in English. Both scales were

administered in Turkish.

3.2.1The Survey

The original version of the adopted Approaches to Studying Inventory
subject to this study was designed particularly for undergraduate students
(Ramsden & Entwistle, 1981). The Turkish version of this inventory was already
available and was used by Hei (1999) in researcher’s dissertation. The initial

inventory consisted of 64 items on five-point Likert scales. Only the items
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related to deep (Q1-Q4) and surface (Q17-Q22) approaches, relating ideas (Q5-
Q8), use of evidence (Q9-Q12), intrinsic motivation (Q13-Q16), syllabus-
boundness (Q23-Q25), fear of failure (Q26-Q28), extrinsic motivation (Q29-
Q32), disorganized study methods (Q33-Q36), achievement motivation (Q37-
Q39) were adapted from the Approaches to Studying Inventory (ASI).

Furthermore, additional information about students’ background
characteristics was also gathered by supplementary items. Also, mathematics
self-efficacy items (Q40-Q43) were adapted from Umay (2001) and problem
solving strategies items (Q44-Q51) was adopted from Lee (1999). The original
Approaches to Studying Inventory consisted of 16 subscales and 64 items
however, only 10 subscales and 41 items were adopted and were translated into
Turkish by the researcher and was later on checked by her supervisor for
suitability in terms of format, content and language. The final version of the
survey included 65 items in total; 14 of which are related to the demographic
profile and 51 items are based on Likert type, 5 point scale ranging from
strongly disagree (1) to strongly agree (5). The adopted survey was given in the
Appendix B and the table of specifications was given at the Appendix E.

For convenience, the survey was primarily pilot tested by 162
volunteered students who were enrolled to Introduction to Information
Technologies and its Applications (1IS100) course at Middle East Technical
University [METU] at 2010 spring semester. The Cronbach’s alpha reliability of
the piloted survey for the total of 162 students is 0.851. The stem of the
demographic item related to home possessions were modified after the pilot

testing.
3.3.1The MTRC Test

The second scale was designed to measure students’ competency in
mathematical thinking and reasoning in Turkish. The scale is an ability test that
was designed to measure the competency of undergraduate students in a set of
thinking processes that were situated in real life problems. The steps for

designing such a test were explained in detail in the subsequent paragraphs.
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The items were developed by taking into acount the overlapping and
defining features that are considered to be essential elements of mathematical
thinking and reasoning in the existing literature. The nature of the items should
require to be situated in real life context to trigger mathematical thinking and
reasoning skills and were emphasized by the mathematics literacy and
mathematics cognitive domain frameworks of PISA 2003, TIMSS 2003, NAEP,
2009 and by Epp (2003). Also, some studies addressed the significance of
representations, expressing and extracting given situation mathematically
(Selden&Selden, 2005, p. 2). In addition, the importance of logical inferencing
that is evaluating conditional statements within the given context was addressed
in various studies (Durand-Guerrier, 2003; Epp, 2003; Evans, 2000, p.10;
Inglis&Simpson, 2004, 2008). Moreover, employing analytical, quantitative and
logico-deductive reasoning skills are persistently addressed in the frameworks of
these international mathematics assessments.

The scope of the mathematical thinking and reasoning test was delimited
to aforesaid specifications. In the developmental phase of the items various
textbooks and corresponding sources from the literature were consulted. ltems
that were developed by the researcher are; 1, 4, 5, 8, 14, 21 and 23(see Appendix
A). The complete set of items in the question 9 were taken from Durand-Guerrier
(2003), the item 10 is known as Wason selection task (Wason, 1968), the item 20
was adapted from PISA 2006 Mathematics example 21 and the rest of the items
were adapted from the book on mathematical thinking (D'Angelo & West, 2000).
A pool of 36 questions in the multiple choice format was designed with respect
to the framework. The multiple choice format was preferred due to the time
constraint in administering the test and the survey together.

The table of specifications of the test was provided in the Appendix C.
Participants were asked to choose the correct response from the available options
and answers were scored as 1 for correct and O for incorrect responses.

The draft of the final version of the test with the table of specifications
and the checklist for face and content validity were given (see Appendices A, C,

F) to a fellow research assistant at Secondary Science and Mathematics
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Education department and was asked to match the items with the given cognitive
processes. In the same manner, the test was also shown to a Mathematics
Professor from the department of Mathematics, METU and ambiguous items and
or thinking processes were modified accordingly. For the content validity, items
were designed so that no specific mathematical knowledge is required. All
participants could understand and work on these items without having any
particular expertise on the subject matter. The final version of the test was given
in the Appendix A.

The final version of the test included 26 multiple choice items which 20
items have 5 options and 6 set of items have only 3 options where only one
option is correct for each item.

For convenience, the test was pilot tested to a group of students of METU
who were registered to the Introduction to Information Technologies and its
Applications (1S100) for the 2010 spring term. Students were mainly first year
undergraduate students from various departments. The pilot version of the test
was administered to total of 56 students. The two parallel versions of the
mathematical thinking and reasoning tests were administered at the piloting
stage. The Cronbach’s Alpha reliability for the test of the pilot 1 of 23 students is
0.878 and for the pilot 2 the reliability for 23 students is 0.668. Items 12, 17, 20
and 21 were revised in terms of options and stem. Items 22 and 23 were only
included pilot testing phase of the test and were excluded from the final version
of the test (see Appendix D).

3.4.1The Content-Construct Related Validity and Reliability

After the necessary modifications were made, according to the results of the
pilot testing, the final versions of the survey and the test were administered to
431 undergraduate students. The data of the test were coded as 1 for correct and
0 for incorrect responses and the survey data were coded from 1 to 5 depending
on the response of the students.

By using listwise deletion method, the reliability of the test for total of 26
items before the missing values were imputed by 0 is 0.775 and after imputing
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the missing values with 0 for 26 items, the Cronbach’s alpha reliability is 0.762.

Replacing missing data with zero indicates the absence of the correct response
and is a common imputation method that is used in educational achievement
tests.

After outlier and factor analyses only 18 items were retained. The detail

analyses were given in the subsequent chapter. The Cronbach’s alpha reliability
for 18 items is 0.765. The reliability for the survey of 51 questions before
substituting missing values with mean is 0.874 and after replacement is 0.864.
After outlier and factor analysis only 33 items were included in the tested
structural models for the survey. Therefore Cronbach’s alpha reliability of
33items is 0.871.
In general, a Cronbach's alpha in the range of .70 to .79 is considered as
adequate, a value in the range of .80 to .89 is considered good (Cohen, 1988).
Therefore, the test and the survey yielded satisfactory internal consistencies to
carry out further analyses.

The content related evidence was maintained by translating the adopted survey
in Turkish into English and any differences between the original inventory in
English and the translated version were noted in terms of wording by an expert
who has been doing professional, technical translations as profession. In
addition, the test’s content and coverage were examined by a fellow PhD student
and a professor of Mathematics in terms of face and content validity.
Suggestions were noted and required revisions were made.

The construct related validity evidences of both test and the survey were
maintained by the exploratory factor analyses. The results of the factor analyses

were presented in the Chapter 4.

3.4 Procedures

In the first phase of this study, a comprehensive review of the literature
such as journal articles, relevant theses and dissertations, books on the subject
were investigated and gathered by the researcher by using the keywords

mentioned in the Appendix G at fall 2009 semester.
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Various mathematics and problem solving frameworks were inspected for
the development of the mathematical thinking and reasoning competency test
such as TIMMS, PISA and NAEP assessments. Overlapping and defining
features were also noted from the mathematics curricula of MNE and NCTM and
relevant studies. Test specification was derived from the integration and
combination of these frameworks. 36 test items were developed and only 26 of
them were included in the final version of the test with respect to the test
specification and pilot study outcomes.

Relevant factors that are related to students’ competency were taken into
consideration for the test. In addition, relevant subscales from the Approaches to
Studying Inventory were adopted. Additionally, items referring to students’
demographic profile, mathematics self-efficacy and problem solving strategies
were also adopted and included in the survey. The developmental phase of the
test and the survey lasted from December 2009 of the fall semester till the spring
semester March 2010.

After necessary consent permissions granted, instruments were then pilot
tested to volunteered undergraduate students of 1S100 course of the spring 2010
semester at Middle East Technical University. The survey and questionnaire
were administered together to students during class hours. 14 items of
demographic profile and 51 Likert type items, a total of 64 items were included
in the survey and, 27 items in total were included in the pilot 1 test.

After and revising the test and survey items according to the results of the
pilot study and obtaining required permissions from the faculties, the study was
conducted to undergraduate students stated universities in Northern Cyprus and
at Atatiirk Teacher Training Academy in May, spring semester 2010 and to the
stated universities of Ankara region in the summer semester 2010. Instructors
and assistants were advised to administer the survey and the test during the class
hour. The survey and test booklets were numbered in pairs so that even they
were given one at each class session, the scales could be recognized and paired
by the researcher to make sure that they were filled in by the same student. The

30-45 minutes were sufficient to complete the scales.
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After the data were collected numerous exploratory factor analyses were
conducted to identify the dimensions of the survey and the test. Depending on
the literature and the outcomes of the analyses factors for further analysis were
determined. Accordingly, observed variables with high factor loadings are
selected as the latent variables. Subsequently, separate confirmatory factor
analyses were conducted for each instrument. When the factors were decided
with the substantial support from the theoretical framework, three models were
proposed and were tested by using structural equation modeling techniques.
After revising the modifications, the model that best fits to the data, was used for
the purpose of investigating the invariance of the factor structure across two
regions. In this respect, the data was splitted into two parts with respect to
regions and the model yielding the best fit was tested across these two samples.
In addition, region, gender and grade level related differences concerning the
dimensions of the survey and the test and the total test score were obtained by
using two two-way MANOVA and three-way ANOVA analyses. The results and
findings of the analyses were examined. And explanations and recommendations

were presented in the final chapter.

3.5 Data Collection

The related data was collected through Turkish versions of; (1) the
adopted version of Approaches to Studying Inventory (2) the competency test on
mathematical thinking and reasoning. The testing was administered by the
instructors and assistants of the selected universities and teacher training
academy. The instructors and assistants were informed beforehand about the
instructions for the administration of the scales and the directions and

descriptions for students were included in the scales.
3.6 Analysis of Data

The data gathered from survey and the test on mathematical thinking and
reasoning was analyzed by SPSS 17.0 program and LISREL 8.71. Firstly, the
data was coded into a SPSS file. Half of the main data obtained was coded by a
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trained fellow PhD student and the rest of the data including the pilot study was
coded by the researcher. Later on, data was scanned for potential improper data
entries. For this purpose, descriptive statistics and frequency tables of the items
were documented and checked out for unusual values. Randomly selected data
were also examined for improper entries. Secondly, reverse recoding was
applied to the survey items that have negative meaning. These items were; Q17-
Q22, Q25-Q28, Q33-Q36, Q43-Q45, Q47 and Q51. The test was coded
dichotomously that is; 1 and O for correct and incorrect responses respectively.
Missing values analysis was conducted and only the missing values of the Likert
type survey items were replaced by the mean of each item and the missing values

of the test were imputed by zero accordingly.

The data was analyzed through several exploratory factor analyses in
order to identify the factor structure of the survey and the test. After determining
the factors outlier and influential data points were investigated and necessary
changes were made by removing problematic items from further analyses.
Separate confirmatory factor analyses were carried out for valdating non-directly
observable factors that were determined as result of exploratory factor analyses.
Suggested modifications were done to improve the fit of the models. Structural
equation modeling techniques were next employed to test the hypotheses of the
study. Maximum likelihood method was used to estimate the model parameters.
The following fit indexes were considered to evaluate the extent to which the
data fit the models tested. In particular, scaled chi-square, Comparative Fit Index
(CFI), and the Root Mean Square Error of Approximation (RMSEA) were
examined to inquire about the fit of the model for CFA and SEM. Three
proposed models were tested accordingly. The fit indices and the direction,
magnitude of the relationships among variables were stated. The model with best
fit indices was selected to test for the invariance factor structure across two
splitted groups namely; Northern Cyprus (N=231) and Ankara (N=200). Fit
indices and the significant relationships among latent variables were considered.

Two-way MANOVA was employed to inspect gender, grade level
differences across the dimensions of the survey at SPSS v17 program. Gender
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and grade level are independent variables whereas the dimensions of the survey
as index scores were included in the analysis as dependent variables at the
significance alpha (a) level of 0.05. Bonferroni adjustment was used in the
subsequent univariate tests.

Another two-way MANOVA procedure was carried out for the region
and grade level differences across the subdimensions of the test where region and
grade level are independent variables and the two subdimensions of the test are
dependent variables.

Finally, three-way ANOVA technique was used to explore region, gender
and grade level related differences on the total test score.

3.7 Missing Data Analysis

Since the statistical analyses might be impacted by the missing entries,
missing value analysis was carried out to identify the percentage of missing
values for every item and case.

The cases that haven’t completed one of the scales completely were excluded
from the statistical analyses. The missing values of the items ranges from 0% to
4.9% and for the cases it ranges from 0% to 7.4% within the acceptable range
that the missing data should be less than or equal to 10% (Pallant, 2007).
Therefore, missing entries of the survey items were replaced by the mean of that
item and the missing values for the mathematical thinking and problem solving
test were substituted by zero indicating wrong answer which is a common
replacement practice for achievement tests (McKnight et. al., 2007). Missing
data of the student’s demographic profile section such as father and mother
education level, siblings were not substituted and were not included in either of

the analyses

3.8 Effect Sizes

An effect size measure shows the degree of the relationship among
variables. In other words, it is an indicator of the association between two or
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more variables (Stevens, 2002).

For correlational studies, the squared multiple correlation coefficients
(R?) are used for indicating effect sizes. The classification for effect sizes which
were measured in terms of R? as; R? = 0.01 is small, R = 0.09 is medium, and R?
= 0.25 is large effect size which was suggested by (Cohen, 1988). The
classification for standardized path coefficients(R) for interpreting the effect
sizes of the relationships where absolute values of the path coefficients that are
less than 0.10 are considered small, 0.30 as medium and greater than 0.50 as
large effect sizes.

Furthermore, for evaluating the questions regarding group comparisons
eta-square is taken into account: the effect size classification for eta-square (2)
values less than 0.01 may indicate small, whereas values around 0.06 show
medium and values 0.14 and above indicate large effect size. In the present
study, standardized path coefficients(R), squared multiple correlation (R?) and
eta-square (2) coefficients were taken into consideration as effect sizes (Cohen,
1988, p.2; Pallant, 2007, p. 208).

3.9 Handling Outliers, Influential Points, non-Normality

Outliers and any influential points were also identified and if essential
should be eliminated completely from the study due to their biased impact on the
interpretation of the results. After employing exploratory factor analyses to the
survey and the test separately, outlier analyses were conducted on the predictor
and outcome variables. Taking into consideration the standardized residuals on
the outcome variable which is total test scores of students, outliers beyond the
range of +3 were excluded from the study to the utmost. In addition, for the
normality, regarding skewness and kurtosis should be in the ranges +2 for
acceptable normality (George & Mallery, 2001). Outliers on the predictor
variables was identified by using Leverage values that are beyond the range of
3p/n where p = number of predictor variables + 1 and n = sample size.
On the other hand, Cook’s distance is used to detect influential data pointswhere

values greater than 1 are regarded as influential points (Stevens, 2002).
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For detecting univariate outliers for interval and ordinal level variables of
the survey that were treated as metric and the test, the items with standard scores
beyond the range +3 were investigated. In this respect, items from the test: R5,
R6, R8, R9i, R9ii, R15, R20 and the items of the survey: Q3, Q5, Q8, Q9, Q10,
Q11, Q15, Q23, Q24, Q46, Q50, SiblingR, StudyTime were detected as
univariate outliers. For detecting multivariate outliers, Mahalanobis D* were
calculated. The probability of Mahalanobis distance (1- CDF.CHISQ) less than
0.001 is considered to be multivariate outlier. The influential data points were
detected by the values of the Cook’s distance that are greater than 1. As it could
be seen from the table there are no influential points detected. Outliers on the set
of predictor variables is inspected by the Leverage value i.e. the values greater
than 0.042 are considered as outlier. As it could be seen from the Table 3,
although there exist few cases that could be considered as multivariate outliers

since they are not influential cases they were included in the analyses.

Table 3 Residual Statistics

Minimum Maximum Mean Std. Deviation

Std. Residual -2.401 2.503 0.000 0.994
Cook's Distance 0.000 0.045 0.002 0.004
Centered Leverage Value 0.000 0.090 0.012 0.011

Prob. Mahalanobis Distance 0.000 0.9991 0.5448 0.3173

For the detecting non-normality, some items that were beyond skewness
and kurtosis ranges +2 were detected (PC, Internet, StudyRoom, StudyDesk,
Aidbooks, Q3, Q11, Q24, Q50, R5, R6, R8, R9i, R9ii, R15, R20).

To sum up, the retained items for the test are; R1, R2, R3, R4, R7, R9iii,
R9iv, R9v, R9vi, R11, R12, R13, R14, R16, R17, R18, R19, R21 and for the
survey;Q3, Q8, Q5, Q6, Q4, Q7, Q11, Q9, Q10, Q2, Q12, Q1, Q43, Q40, Q44,
Q45, Q42, Q41, Q51, Q14, Q13, Q16, Q29, Q38, Q34, Q33, Q36, Q35, Q20,
Q19, Q18, Q21, Q22 and all demographic related items were excluded from
SEM analyses and gender, region and grade level variables were only included in
the two- way MANOVA and three-way ANOVA analyses as independent
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variables. Exploratory factor analyses were carried out by 33 items for the survey
(Cronbach’s alpha (o) reliability= 0.871) and 18 items in total for the test

(Cronbach’s alpha (o) reliability= 0.765). The results were presented in the
subsequent Chapter 4.
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CHAPTER 4

RESULTS

This chapter comprises of preliminary analyses, the testing of structural
equation models, two two-way MANOVA and a three-way ANOVA parts.
Preliminary analyses include descriptive statistics of the scales used in the study
and results of the exploratory factor and confirmatory analyses for each scale.
The structural equation modeling part includes testing of three proposed models
and the outcomes of these models for inspecting the relationship between
aforementioned factors and mathematical thinking and reasoning competency.
Afterwards the model that accounted the data best was chosen and tested across
two regions. Last part is devoted to inspecting gender, grade level and region
related differences across the dimensions of the survey and the test and on the

total test score.

4.1 Preliminary Analyses

Exploratory factor analyses were conducted to group observed variables
and to determine the factor structures of the survey and the test separately. After
determining the theoretical constructs (latent variables) from the results of the
exploratory factor analyses, confirmatory factor analyses were carried out for the
survey and the test to confirm the latent structure and to apply necessary
modifications for improving the models. From the results of the confirmatory
factor analyses final set of latent variables from observed variables were chosen

to include in the structural equation modeling.

4.2 Results of the Exploratory Factor Analysis of the Survey

Principal Component Analyses with Varimax rotation method were
carried out by using SPSS 17.0 for Windows in order to group and reduce the
number of observed variables with respect to the common shared variance. The
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survey initially consisted of 65 items where 14 items related to demographic
profile and 51 items are of five point scale Likert type questions. After missing
outlier and influential point analyses, some items mentioned in the preliminary
analyses part were excluded from further analyses since they might cause
inconsistent factor loadings.

After removing observed variables with ambiguous factor loadings, the
final Principal Component Analysis (PCA) with only 33 observed variables
yielded better results in terms of factor structure. The listwise deletion method
was used to handle missing values.

Since the sample size was 431, the criterion for the sample size to be 5-10
times the number of variables was satisfied in the final version of PCA (Crocker
& Algina, 1982). The Kaiser-Meyer-Olkin measure of the adequacy of the
distribution values for conducting factor analysis was obtained as 0.866 is in the
range between 0.80 and 0.89 which was defined as meritorious (Kaiser, 1974).
In addition, Bartlett’s test of Sphericity value (0.000) is significant (p<0.05)
which shows that the distribution is multivariate normal and the correlation
matrix is not an identity matrix (George & Mallery, 2001). The KMO and
Bartlett’s Test of Sphericity values were depicted in the Table 4:

Table 4 KMO and Barlett’s Test of Sphericity

KMO and Bartlett's Test
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.866
Bartlett's Test of Sphericity ~ Approx. Chi-Square ~ 4720.825

df 528
Sig. 0.000

The factor analysis was conducted with the restriction of the number of
factors to 5. To determine the number of factors to extract in the final solution is
Cattell's scree plot of eigenvalues was consulted. The scree plot indicated 5
factors to retain. The total variance explained by 5 factors with 33 observed
variables is 48.516%. The rotated factor loadings of the observed variables for

the survey are presented in Table 5 where factor loadings that are less than 0.20
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were omitted. The items of factor loadings greater than 0.30 in absolute value

were considered. The scree plot of the factors is given in the Figure 2 below:

Scree Plot
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Figure 2 Scree Plot of the Factors of the Survey
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Table 5 Factor Structure of the Survey

Rotated Component Matrix®
Component

1 2 3 4 5
DAp3Q3 0.725
Rldea4Q8 0.708
RldealQ5 0.705
Rldea2Q6 0.685
DAp4Q4 0.663
Rldea3Q7  0.591
Evid3Q11 0.582
Evid1Q9 0.576
Evid2Q10 0.576
DAp2Q2 0.551
Evid4Q12  0.520 0.293
DAp1Q1l 0.487
SEff4Q43 0.669
SEff1Q40 0.637 0.305
PSSt1Q44 0.623
PSSt2Q45 0.599 0.341
SEff3Q42 0.577 0.310
SEff2Q41 0.572 0.487
PSSt8Q51 0.255 0.518 0.270
IMot2Q14  0.260 0.728
IMot1Q13 0.677
IMot4Q16  0.293 0.650
EMot1Q29 0.550
AMot2Q38 0.286 0.514
DOSt2Q34 0.722
DOSt1Q33 0.707
DOSt4Q36 0.702
DOSt3Q35 0.683
SAp4Q20 0.748
SAp3Q19 0.713
SAp2Q18 0.687
SAp5Q21  0.267 0.263 0.609
SAp6Q22 0.385 0.449

The 5 factors were named based on the literature and the content of the
items. The factors were named as; meaning orientation, mathematics self-
efficacy, motivation (intrinsic, extrinsic, achievement), disorganized study
methods and surface approach respectively.

The findings comply with the table of specifications of the survey (see
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Appendix E) which also provides evidence for construct validity. The
eigenvalues, the percentage, and the cumulative percentages and Cronbach’s
alpha reliabilities of these five factors were given in Table 6.

Table 6 Rotation Sums of Squared Loadings

Total % of Cumulative Cronbach’s

Variance % alpha
Meaning Orientation (MEANORT)  5.199 15.756 15.756 0.869
Mathematics self- efficacy 2.868  8.691 24.447 0.762
(MSEFFIC)
Motivation (MOT) 2.821  8.550 32.996 0.745
Disorganized study methods 2.703  8.190 41.186 0.737
(DISORSTD)
Surface approach(SURAPP) 2419  7.330 48.516 0.721

4.3 Results of the Exploratory Factor Analysis of the Test

Principal Component Analyses with Varimax rotation method was
conducted with restriction to 4 factors in order to identify the factor structure and
to reduce the number of observed variables. The test initially included 26 items.
Items that didn’t meet with the criteria from the preliminary analyses were
excluded from further analyses due to their ambiguous factor loadings. The final
PCA with 18 observed variables yielded better factor structure. The Kaiser-
Meyer-Olkin measure for the adequacy for conducting factor analysis and the

Bartlett’s Test of Sphericity values are given in the Table 7.

Table 7 KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.795
Bartlett's Test of Sphericity ~ Approx. Chi-Square  1037.891
df 153
Sig. 0.000

The Kaiser-Meyer-Olkin measure of the adequacy of the distribution
values for conducting factor analysis was obtained as 0.795 is in the range
between 0.70 and 0.79 which was defined as middling (Kaiser, 1974) and is
sufficient to conduct analysis. Besides, Bartlett’s test of Sphericity value (0.000)
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is significant (p<0.05) which shows that the distribution is multivariate normal
and the correlation matrix is not an identity matrix (George & Mallery, 2001).
The scree plot which was depicted in the Figure 3 indicated 2 factors to retain.
The total variance explained by 4 factors with 18 observed variables is 41.898%.
The rotated factor loadings of the observed variables for the test are presented in
Table 8 where factor loadings that are less than 0.25 were omitted. The items of

factor loadings greater than 0.30 in absolute value were considered

Scree Plot
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Figure 3 Scree Plot of the Factors of the Test
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Table 8 Factor Structure of the Test

Rotated Component Matrix®
Component
1 2 3 4
ExTb2R14 0.656
ECp4R16 0575 0.299
CpSkI1R7 0.537
ECp2R12 0.498
ECp6R18 0.478 0.267
ECp7R19 0.467
ExTbh3R21 0.448
ECplR11 0.310 0.261 0.280

LInf2R2 0.749

LInflR1 0.705

MEx1R4  0.385 0.515

ECp3R13 0.435

LInf3R3 0.428 0.409
EC6R9vi 0.772
EC3RAiii 0.661
EC5R9v 0.784
EC4R9iv 0.737
ECp5R17 0.333 0.324 0.369

After factors were determined, they were named based on the literature
and the content of the items. The four factors were named as; ‘Express, extract
and compute’, ‘representing statements’, ‘evaluating conditions’ and ‘decision
making’ respectively. The eigenvalues, percentages, cumulative percentages and

Cronbach’s alpha reliabilities of four factors were shown in Table 9.

Table 9 Rotation Sums of Squared Loadings

Total % of Cumulative  Cronbach’s
Variance % alpha
‘Express,extract&compute’ 2.382 13.232 13.232 0.657
(EXPEXTCMP)
Representingstatements(REPSTAT) 2.000 11.112 24.343 0.579
Evaluating conditions(EVALCOND)  1.659 9.217 33.560 0.485
Decision making(DECMAK) 1.501 8.338 41.898 0.415

The Cronbach’s alpha reliabilities of the last three components were less

than 0.60 that did not meet with the general criterion of accepting a factor as
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reliable as was stated in Cohen (1988). In addition, the examination of the scree
plot indicated that the curve starts to level off after 2 factors. Furthermore, it was
observed that there exist high correlations among the factors REPSTAT and
EVALCOND and between the factors REPSTAT and DECMAK as 0.736, 0.772
correspondingly. In this respect, the last three factors were combined to form a
unique factor that was named as ‘Express, infer logically’ (EXINFLOG) based
on the nature of the items included. The final, respecified factor structure of the

test is shown in the Table 10 below:

Table 10 Respecified Factors of the Test

Factors Items Cronbach’s
alpha

ExTh2R14
ECp4R16
CpSkI1R7
ECp2R12
ECp6R18
ECp7R19
ExTh3R21
ECplR11
LInf2R2
LInflR1
MExplR4
ECmp3R13
‘Express, infer logically’ (EXINFLOG) —:El(?;ﬁgsgvi 0.651
ECon3R0iii
ECon5R9v
ECon4R9iv
ECp5R17

‘Express. extract & compute’(EXPEXTCMP) 0.657

4.4 Results of the Confirmatory Factor Analysis of the Test

Confirmatory factor analyses were conducted to identify latent variables
of the test. 18 observed variables from the results of the exploratory factor
analyses were taken into consideration and the model was tested by using
structural equation modeling (SEM). By using SIMPLIX syntax of LISREL,
after inspecting modification indices with higher values, error covariances of the

suggested observed variables were noted and revision was done by permitting
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errors of four pairs of observed variables to correlate. In order to improve the fit
of the model, four error covariances were set free since as default the error terms
are assumed to be uncorrelated by LISREL 8 (Jéreskog & Sorbom, 1993). The
final SIMPLIS syntax for the confirmatory factor analysis of the test was
included in the Appendix Q. The standardized solution of the parameter
estimates and the t values of the structural model for the test are shown in the

Figures 4 and 5 respectively.
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Figure 4 Parameter estimates of the Test Model with Standardized Values
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Figure 5 Parameter estimates of the Test Model with T VValues

The model of the test was confirmed for 2 latent variables that were
measured by 18 observed variables. The squared multiple correlations R? for

specified observed variables of the latent variables were given in the Table 11.

Table 11 Squared Multiple Correlations for the Test

Latent VVariables Observed Variables Squared Multiple
Correlation (R?)

LInfiR1 0.17
LInf2R2 0.08
MEXLR4 0.44
ECp3R13 0.26
LInf3R3 0.25
EXINFLOG EC3ROiii 0.18
EC6ROVi 0.04
ECAROiv 0.06
EC5ROv 0.04
ECpSR17 0.13
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Table 11 (continued)

Latent Variables Observed Variables Squared Multiple
Correlation (R?)

ECp7R19 0.26
ECp4R16 0.20
ExTb2R14 0.16
CpSKILR7 0.14
EXPEXTCMP ECp2R1 019
ECp6R18 0.22
EXTb3R21 0.15
ECplR11 0.20

The measurement coefficients (L) and their error variances (€) in the Ay

variables were listed in the Table 12 below:

Table 12 Measurement and Error Coefficients of the Test Model

Latent VVariables Observed Variables Ay €

EXINFLOG LInfIR1 041 0.83
LInf2R2 028 0.92
MEx1R4 0.66 0.56
ECp3R13 051 0.74
LInf3R3 050 0.75
EC3Riii 042 0.82
EC6ROVi 021 0.96
EC4ROiv 0.25 0.94
EC5ROv 020 0.96
ECp5R17 0.36 0.87
ECp7R19 051 0.74
EXPEXTCMP ECp4R16 0.44 0.80

ExTb2R14 0.40 0.84
CpSkI1R7 0.37 0.86

ECp2R12 044 081
ECp6R18 0.47 0.78
ExTh3R21 0.39 0.85
ECp1R1L 0.44 0.80

The summary statistics for the CFA model of the test were given in the
Appendix X. The steam-leaf and Q-plots of both fitted and standardized residuals
indicate that the model fits the data well. In addition, fitted residuals within the
range of 0.13 in absolute value and are considered as small in magnitude
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(Schumacker & Lomax, 2004). The fit indices of the test model after suggested
modification indices made are: [(Ey?(177.451 N = 431) =173.874 p<.0000.
RMSEA= 0.0280. S-RMR = 0.0418. GFI =0.957. AGFI = 0.943. CFI =0.973.
NNFI= 0.968]. Thus, the values obtained as goodness of fit indices show that the
model of the test fits the data very well. The the acceptable range for the fit
indices and their values for assessing the fit of the model for the test were given
below in the Table 13 (see Appendix O for range of fit indices in detail).

Table 13 Fit Indices and Values for the model of the Test

Fit Index Criterion Value
Chi-Square (x %) Ratioof y°to 177.451 1.37<5
Degrees of Freedom(df) df <5 130

Root Mean  Square  Error  of <0.05 0.0280
Approximation (RMSEA) smallér the

Root Mean Square Residual (RMR) better 0.0418
Standardized Root Mean Square Residual 0.0418
(S-RMR)

Parsimony Goodness of Fit Index (PGFI) . 0.728
Parsimony Normed Fit Index (PNFI) higher the better 0.770
Normed Fit Index (NFI) 0.907
Non-Normed Fit Index (NNFI) 0.968
Comparative Fit Index (CFI) > 0.90 0.973
Incremental Fit Index (IFI) ' 0.973
Relative Fit Index (RFI) 0.890
Goodness of Fit Index (GFI) 0.957
Adjusted Goodness of Fit Index (AGFI) 0.943

4.5 Results of the Confirmatory Factor Analysis of the Survey

CFA was also conducted for the survey. Observed variables from EFA
were considered as latent variables. Thirty five error covariances were set free. In
addition, the paths from observed variable SEff3Q42 to the latent variable
MEANORT and from the variables SEff2Q41 and SEff1Q40 to MOT were
added with respect to the modification index suggestions. For SIMPLIS syntax
and the summary statistics please see Appendices R and X. The Figures 6 and 7
show the parameter estimates in standardized and in t-values respectively.
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Figure 6 Standardized Parameter Estimates of the Survey Model
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Figure 7 Parameter Estimates of the Survey in T-values

The final model of the survey comprise of five latent variables that were

measured by 33 observed variables. The multiple squared correlation R? values
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for each observed variable for each latent variable is shown at the Table 14.

Table 14 Squared Multiple Correlations for the Survey Model

Latent VVariables Observed Variables Squared Multiple
Correlation(R?)

MEANORT DAp3Q3 0.47
Rldea4Q8 0.42

RldealQ5 0.40

Rldea2Q6 0.39

DAp4Q4 0.41

Rldea3Q7 0.35

Evid3Q11 0.33

Evid1Q9 0.29

Evid2Q10 0.29

DAp2Q?2 0.32

Evid4Q12 0.27

DAp1Q1 0.20

SEff3Q42 0.18

MSEFFIC SEff4Q43 0.41
SEff1Q40 0.19

PSSt1Q44 0.40

PSSt2Q45 0.51

SEff3Q42 0.18

SEff2Q41 0.18

PSSt8Q51 0.27

MOT IMot2Q14 0.61
IMot1Q13 0.40

IMot4Q16 0.45

EMot1Q29 0.15

AMot2Q38 0.25

SEff2Q41 0.18

SEff1Q40 0.19

DISORSTD DOSt4Q36 0.55
DOSt2Q34 0.27

DOSt3Q35 0.50

DOSt1Q33 0.23

SURAPP SAp4Q20 0.12
SAp3Q19 0.02

SAp2Q18 0.18

SAp5Q21 0.54

SAp6Q22 0.60

In addition, the measurement (1) and error (&) coefficients are given in
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the Table 15.

Table 15 Measurement and Error Coefficients of the Survey Model

Latent Variables Observed Variables Ay )

MEANORT DApP3Q3 0.68 0.53
R1dea4Q8 0.65 0.58
Rl1dealQ5 0.63 0.60
R1dea2Q6 0.62 0.62
DAp4Q4 0.64 0.59
R1dea3Q7 059 0.65
Evid3Q11 057 0.66
Evid1Q9 054 0.71
Evid2Q10 054 071
DApP2Q2 0.56 0.68
Evid4Q12 052 0.72
DAp1Q1 0.44 0.78
SEff3Q42 0.26 0.81
MSEFFIC SEff4Q43 0.64 0.60
SEff1Q40 0.22 0.80

PSSt1Q44 0.64 0.60
PSSt2Q45 0.71 0.49

SEff3Q42 0.26 0.81
SEff2Q41 0.23 0.80
PSSt8Q51 052 0.72
MOT IMot2Q14 0.78 0.39
IMot1Q13 0.63 0.60
IMot4Q16 0.67 054

EMot1Q29 0.39 0.85
AMot2Q38 0.50 0.75

SEff2Q41 0.32 0.80
SEff1Q40 0.22 0.80
DISORSTD DOSt4Q36 0.74 044

DOSt2Q34 052 0.73
DOSt3Q35 0.71 0.49
DOSt1Q33 048 0.77

SURAPP SAp4Q20 0.34 0.90
SAp3Q19 0.15 0.98
SAp2Q18 0.75 0.43
SAp5Q21 0.73 0.46
SAp6Q22 0.77 0.40

The summary statistics of the fitted residuals, stem-leaf and g-plots that
were given in the Appendix R show that fitted residuals range are within the
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acceptable values for a good fit (Kelloway, 1998). The goodness of fit indices
after the revision according to the modification indices are: [(¥?(731.822 N =
431) = 728.852 p<.0000. RMSEA= 0.0382. S-RMR = 0.0550. GFI = 0.907.
AGFI = 0.883. CFI = 0.973. NNFI= 0.969]. The goodness of fit indices is given
in the Table 16 below:

Table 16 Goodness of Fit Indices for CFA of the Survey Model

Fit Index Criterion Value
Chi-Square (x?) (Ratio of y *todf) 731.822 1.63<5
Degrees of Freedom(df) <5 448

Root Mean Square Error of Approximation 0.0382
(RMSEA) <0.05

Root Mean Square Residual (RMR) smaller the better 0.0549
Standardized Root Mean Square Residual (S- 0.0550
RMR)

Parsimony Goodness of Fit Index (PGFI) . 0.724
Parsimony Normed Fit Index (PNFI) higher the better 0.793
Normed Fit Index (NFI) 0.935
Non-Normed Fit Index (NNFI) 0.969
Comparative Fit Index (CFI) 0.973
Incremental Fit Index (IFI) >0.90 0.974
Relative Fit Index (RFI) 0.923
Goodness of Fit Index (GFI) 0.907
Adjusted Goodness of Fit Index (AGFI) 0.883

From the values of the Table 16, regarding the number of indicators and the
complexity of the model, it could be concluded that there exists a adaquate fit of

the survey model to the data.
4.6 Summary of the Results of EFA and CFA

The Principal Component Analyses were carried out with Varimax
rotation method in order to identify the underlying factor structures of the survey
and the test. The four latent variables that are measured by 18 observed variables
were identified and named based on the literature and their coverage for the test
by using SPSS 17.0 software package. However, regarding the low internal

consistencies (below 0.60) and high correlations among the last three factors,
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later on these three factors were combined to form a unique factor called
EXINFLOG(Express and infer logically). Therefore the test model which
included 2 latent variables that were measured by 18 observed variables.
Furthermore, five latent variables that were measured by 33 observed variables
were identified and were named for the survey after conducting exploratory

factor analyses.

Afterwards, confirmatory factor analyses were performed to test the model fit
for the survey and the test. Results showed that the survey model comprised of 5
latent variables that were measured by 33 observed variables indicated
satisfactory fit. Additionally, 2-factor model with 18 observed variables for the
test revealed the best fit with respect to the goodness of fit statistics. The items
(observed variables) with respect to the latent variables were illustrated in the

Appendix H.

4.7 Structural Equation Modeling

The initial model was depicted in Figure 1 of the Chapter 1. However, the
model was re- specified by taking into account the results of the exploratory and
confirmatory factor analyses, empirical results and the literature. Path analysis
using LISREL 8.71 program in the SIMPLIS syntax language were employed to
study the interrelationships between aforementioned factors of the survey and the
test. Maximum likelihood method of estimation and listwise deletion method
were used and the alpha level of significance was set to 0.05. The covariance
matrices used in the analysis were generated by PRELIS 2.71, a sub-program of
LISREL 8.71.

The initial model including five independent latent variables of the
survey ‘meaning orientation’, ‘mathematics self-efficacy’, ‘motivation
[intrinsic-achievement-extrinsic]’, disorganized study methods’,‘surface
approach’ and two dependent latent variables of the test; ‘Express, extract and
compute’(EXPEXTCM) and ‘Express, infer logically’ (EXINFLOG) were tested
by using the structural equation modeling (SEM). In total, three main models
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were tested and presented in the subsequent paragraphs.

4.8 First Structural Model of the Survey and the Test (Survey-Test)

Thirty seven error covariances of the observed variables were set free by
taking into account the results of confirmatory factor analyses and suggested
modification indices. In addition, a path from the observed variable DOSt1Q33
to the latent variable SURAPP was added with respect to the content and the
suggestions by the program. A path from EXPEXTCM to EXINFLOG was
added based on the correlations, relevant theory and modification suggestions of
the program.The path diagrams of the model in the Figures 8 and 9 represent the
parameter coefficients in standardized and in t-values respectively. The basic
structural model in standardized and in t-value estimates can be found in the
Appendix | respectively. The final model includes five independent ; ‘meaning
orientation’ (MEANORT), ‘mathematics self-efficacy(MSEFFIC)’, ‘motivation
(MOT)’, ‘disorganized study methods(DISORSTD)’, ‘surface
approach(SURAPP)’ and two dependent latent variables ‘Express, extract and
compute(EXPEXTCM)’, ‘Express, infer logically’ (EXINFLOG) that were

measured by total of 51 observed variables.
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Figure 8 Parameter Estimates of the Model in Standardized Values
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Figure 9 Parameter Estimates of the Model in t-values

The measurement and path coefficients (1) of the model with errors of the
independent (o) and dependent variables (¢) were depicted in the Table 17:
Table 17 Measurement and Error Coefficients of the Model

Independent Variables Observed Variables d

MEANORT DApP3Q3 055 0.33
R1dea4Q8 057 0.47
RI1dealQ5 052 042
R1dea2Q6 0.62 0.63
DAp4Q4 0.60 053
R1dea3Q7 054 055
Evid3Q11 0.48 0.48
Evid1Q9 0.47 056
Evid2Q10 0.48 055
DApP2Q2 053 061
Evid4Q12 050 0.67
DAp1Q1 0.44 0.69
SEff3Q42 0.23 0.65
MSEFFIC SEff4Q43 0.65 0.58
SEff1Q40 0.34 0.80

PSSt1Q44 0.67 0.69
PSSt2Q45 0.65 0.42
SEff3Q42 0.24 0.65
SEff2Q41 0.24 0.86
PSSt8Q51 053 0.74
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Table 17 (continued)

Independent Variables Observed Variables d
MOT IMot2Q14 0.87 0.55
IMot1Q13 0.79 0.85
IMot4Q16 0.70 0.62
EMot1Q29 0.54 0.79
AMot2Q38 0.52 0.75
SEff2Q41 0.32 0.86
SEff1Q40 0.22 0.80
DISORSTD DOSt4Q36 0.87 0.60
DOSt2Q34 0.64 0.73
DOSt3Q35 0.87 0.71
DOSt1Q33 0.43 0.94
SURAPP SAp4Q20 0.36 0.95
SAp3Q19 0.17 0.98
SAp2Q18 0.48 0.82
SAp5Q21 0.73 0.45
SAp6Q22 0.83 0.46
DOSt1Q33 0.22 094
Dependent Variables  Observed Variables Ay €
EXINFLOG LInflR1 0.15 0.12
LInf2R2 0.10 0.12
MEx1R4 0.32 0.13
ECp3R13 0.25 0.17
LInf3R3 0.21 0.13
EC3RViii 0.21 0.20
EC6R9vi 0.10 0.23
EC4R9iv 0.09 0.12
EC5R9v 0.07 0.12
ECp5R17 0.17 0.21
ECp7R19 0.24 0.16
EXPEXTCM ECp4R16 0.17 0.13
ExTb2R14 0.19 0.18
CpSkI1R7 0.14 0.13
ECp2R12 0.21 0.19
ECp6R18 0.22 0.16
ExTh3R21 0.18 0.17
ECplR11 0.21 0.20
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The magnitude and the direction of the paths from independent to

dependent latent variables gamma (y) are given in the Table 18.

Table 18 Gamma Path Coefficients of the Model

Dependent Variables(y) Independent Variables() ¢

EXINFLOG MEANORT -0.02
MSEFFIC 0.23

MOT -0.16

DISORSTD 0.05

SURAPP 0.05

EXPEXTCM MEANORT 0.22
MSEFFIC 0.03

MOT -0.19

DISORSTD 0.10

SURAPP -0.09

Path coefficients among dependent variables beta (f) are shown in the
Table 19 and the squared multiple correlations (R?) of 51 observed variables that

were included in the model are given in the Table 20 below:

Table 19 g path coefficients among dependent variables

Dependent Variables(r) S
EXINFLOG EXINFLOG -
EXPEXTCMP -

EXPEXTCMP EXINFLOG 0.79
EXPEXTCMP -

Table 20 Squared Multiple Correlations of Observed Variables of the Model

Observed Variables R®

DAP3Q3 0.48
RIdea4Q8 0.41
RIdealQ5 0.40
RIdea2Q6 0.38
DAp4Q4 0.40
RIdea3Q7 0.35
Evid3Q11 0.33
Evid1Q9 0.28
Evid2Q10 0.29
DApP2Q2 0.32
Evid4Q12 0.27
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Table 20 (cont’d)

DAp1Q1 0.22
SEff4Q43  0.42
SEffLQ40  0.19
PSSt1Q44  0.40
PSSt2Q45  0.50
SEff3Q42  0.18
SEff2Q41  0.18
PSSt8Q51  0.28
IMot2Q14  0.58
IMot1Q13  0.42
IMot4Q16 0.4
EMotlQ29  0.21
AMot2Q38  0.26
DOSt4Q36  0.56
DOSt2Q34  0.27
DOSt3Q35 052
DOSt1Q33  0.24
SAp4Q20  0.12
SAp3Q19  0.02
SAp2Q18  0.18
SAP5Q21 0.54
SAP6Q22 0.60

LInflRL 0.16
LInf2R2 0.07
MEx1R4 0.44
ECp3R13 0.26
LInf3R3 0.25
EC3RYiii 0.18
EC6ROvi 0.44
EC4R9iv 0.06
EC5ROv 0.04
ECp5R17 0.12
ECp7R19 0.26
ECp4R16 0.19

ExTh2R14 0.17

CpSKI1R7 0.13
ECp2R12 0.20
ECp6R18 0.22

ExTh3R21 0.15
ECplR11 0.19

The account of variance explained by the latent dependent (endogenous)

variables in terms of squared multiple correlations which are also known as
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effect sizes are given by the Table 20 and 21 respectively.

Table 21 Squared Multiple Correlations of Dependent Latent Variables

Endogenous Variables() R®
EXPEXTCMP 011
EXINFLOG 0.64

The endogenous variable EXPEXTCM (express, extract and compute)
has small effect size whereas EXINFLOG (express, infer logically) has large

effect size.

In addition, the summary statistics were given in the Appendix X shows
that fitted residuals range are within the acceptable values for a good fit that is
+1 (Kelloway, 1998). The goodness of fit indices after the revision according to
the modification indices are: [(¥?(1643.963. N = 431) = 1598.295 p<.0000.
RMSEA= 0.0357. S-RMR = 0.0588. GFI = 0.860. AGFI = 0.839. CFI = 0.939.
NNFI=0.932]. The goodness of fit indices is given in the Table 22 below:

Table 22 Goodness of Fit Indices of the Survey-Test Model

Fit Index Criterion Value
Chi-Square (z?) (Ratio of y 2to df) 1643.963 1.41<5
Degrees of Freedom(df) <5 1164

Root Mean Square Error of Approximation 0.0295
(RMSEA) <0.05

Root Mean Square Residual (RMR) smaller the better 0.0400
Standardized Root Mean Square Residual (S- 0.0520
RMR)

Parsimony Goodness of Fit Index (PGFI) ) 0.766
Parsimony Normed Fit Index (PNFI) higher the better 0.806
Normed Fit Index (NFI) 0.883
Non-Normed Fit Index (NNFI) 0.959
Comparative Fit Index (CFI) 0.963
Incremental Fit Index (IFI) >0.90 0.963
Relative Fit Index (RFI) 0.872
Goodness of Fit Index (GFI) 0.873
Adjusted Goodness of Fit Index (AGFI) 0.855

Even though some values of fit indices moderately meet with the required

cut-off criteria, considering the amount of indicator variables, the complexity of
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the model and the sensitivity of the indices as GFI, AGFI to the sample size it
could be concluded that the model fits the data fairly. In addition, the normal
shape steam-leaf and g-plots of the fitted residuals and their range that are within
1 in absolute value and the similarity of the shape of the steam-leaf plots of fitted
residuals to the standardized residuals could also refer to an overall fit of the data
to the model.

The direct, indirect and total effects of exogenous variables to
endogenous variables are shown in the Table 23. In addition, the structural

regression equations of the survey-test model are shown in the Appendix N.

Table 23 Direct, Indirect and Total Effects Survey-Test Model

Variable EXINFLOG EXPEXTCMP
Direct Indirect Total Direct Indirect Total
MEANORT -0.18 0.16  -0.0221 0.20 - 0.20
MSEFFIC 0.06 0.17 0.234 0.21 - 0.21
MOT 0.091 -0.25 -0.159 -0.32 - -0.32
DISORSTD -0.062 0.11 0.0510 0.14 - 0.14
SURAPP 0.0933 -0.05 0.0458 -0.06 - -0.06

*: Values in bold faces indicate significant direct and total effects.

4.9 Second Model for the Survey and the Test (Survey-Testt)

In this model, observed variables for each factor of the test were added
together to reduce the number of observed variables that were included in the
analysis. The test’s latent variable’s error variance was set to 1- Cronbach’s
alpha reliability of the corresponding factor at the SIMPLIX syntax (see
Appendix T). The survey’s independent latent variables and error covariances
that were set as free were included from the confirmatory factor analysis of the
survey. In addition paths from EXPETCM to EXINLOG and from observed
variable DOSt1Q33 to the latent variable SURAPP were added and with respect
to the modification suggestions.The basic models in standard and in t-values are
at the Appendix J and below. The model includes; ‘meaning orientation’
(MEANORT), ‘mathematics self-efficacy(MSEFFIC)’, ‘motivation (MOT)’,
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‘disorganized study methods (DISORSD)’, ‘surface approach (SURAPP)’ and
two dependent latent variables ‘Express, extract and compute (EXPEXTCM)’,
‘Express, infer logically’ (EXINFLOG) measured by 35 observed variables.

0 38g

.an MSEFFIC M_—%_ED

-1l
EXINLOG J=+0. g2

Chi-Square=81%9.42, df=503, P-wvalue=0.00000, PRMSEA=0.038

Figure 10 Parameter Estimates of the Model in Standardized Values

MEANORT

SURLPP

MOT
DISORSD

M3EFFIC

Chi-Sgquare=819.42, df=503, P-wvalue=0.00000, BRMIEA=0.038

Figure 11 Paramater Estimates of the Model in t-values

The measurement and path coefficients (1) of the model with errors of the
independent (J) and dependent variables (¢) were depicted in the Table 24.
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Table 24 Measurement and Error Coefficients of the Model

Independent Variables Observed Variables d

DApP3Q3 054 0.34
R1dea4Q8 058 0.46
R1dealQ5 053 0.42
R1dea2Q6 0.62 0.62
DAp4Q4 0.60 053
R1dea3Q7 054 055
MEANORT Evid3Q11 0.48 0.48
Evid1Q9 0.47 056
Evid2Q10 0.48 055
DApP2Q2 053 0.62
Evid4Q12 0.50 0.66
DAp1Q1 042 0.71
SEff3Q42 0.23 0.65
SEff4Q43 0.65 0.58
SEFfLQ40 0.34 081
PSSt1Q44 0.67 0.69
MSEFFIC PSSt2Q45 0.65 0.42
SEff3Q42 0.24 0.65
SEff2Q41 0.24 0.86

PSSt8Q51 0.53 0.74

IMot2Q14 0.89 0.52

IMot1Q13 0.77 0.89

IMot4Q16 0.71 0.60

MOT EMot1Q29 0.47 0.84
AMot2Q38 0.50 0.76
SEff2Q41 0.33 0.86
SEff1Q40 0.22 0.81

DOSt4Q36 0.87 0.60

DOSt2Q34 0.64 0.73

DISORSTD DOSt3Q35 0.87 0.72
DOSt1Q33 0.43 0.94
SAp4Q20 0.36 0.95
SAp3Q19 0.18 0.98
SURAPP SAp2Q18 0.48 0.82
SAp5Q21 0.73 0.45
SAp6Q22 0.83 0.46
Dependent Variables  Observed Variables Ly €
EXINFLOG EXINFLOGt 229 0.34
EXPEXTCM EXPEXTCMt 1.64 0.35
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The magnitude and the direction of the paths from independent to

dependent latent variables (y) are given in the Table 25.

Table 25 Gamma Path Coefficients of the Model

Dependent Variables(7) Independent Variables(¢) vy

MEANORT 0.19

MSEFFIC 0.15

EXPETCM MOT -0.28
DISORSD 0.14

SURAPP -0.03

MEANORT -0.11

MSEFFIC 0.11

EXINLOG MOT 0.05
DISORSD -0.04

SURAPP 0.05

Path coefficients among dependent variables beta (5) are shown in the
Table 26 and the squared multiple correlations (R?) of 35 observed variables that
were included in the model are given in the Table 27 below:

Table 26 S path coefficients among dependent variables

Dependent Variables(r) B
EXINFLOG -

EXINFLOG  ~ExpEXTCMP 054
EXINFLOG -

EXPEXTCMP —ExPEXTCMP -

Table 27 Squared Multiple Correlations of Observed Variables of the Model

Observed Variables R®

DAp3Q3 0.46
Rldea4Q8 0.42
RldealQ5 0.40
Rldea2Q6 0.39
DAp4Q4 0.41
Rldea3Q7 0.35
Evid3Q11 0.33
Evid1Q9 0.29
Evid2Q10 0.29
DAp2Q2 0.32
Evid4Q12 0.28
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Table 27(cont’d)
Observed Variables R?

DAp1Q1 0.20
SEff4Q43 0.42
SEffLQ40 0.19
PSSt1Q44 0.39
PSS2Q45 0.50
SEff3Q42 0.18
SEff2Q41 0.18
PSSt8Q51 0.28
IMot2Q14 0.61
IMot1Q13 0.40
IMot4Q16 0.46
EMot1Q29 0.16
AMot2Q38 0.25
DOSt4Q36 0.56
DOSt2Q34 0.27
DOSt3Q35 0.51
DOS1Q33 0.24
SAp4Q20 0.12
SApP3Q19 0.02
SAp2Q18 0.18

SAp5Q21 0.54
SAP6Q22 0.60

EXPETCMt 0.89

EXINLOGt 0.94

The account of variance explained by the latent dependent (endogenous)
variables in terms of squared multiple correlations which are also known as
effect sizes are given by the Table 28.

Table 28 Squared Multiple Correlations of Dependent Latent Variables

Endogenous Variables() R’
EXPETCM 0.08
EXINLOG 0.32

The endogenous variable EXPETCM (express, extract and compute) has
small effect size whereas EXINLOG (express, infer logically) has large effect
size.In addition, the summary statistics of the model were given in the Appendix
X shows that fitted residuals range are within the acceptable values for a good fit
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that is +1 (Kelloway, 1998). The goodness of fit indices after the revision
according to the modification indices are: [(¥2(818.445 N = 431) = 819.419
p<.0000. RMSEA= 0.0382. S-RMR = 0.0540. GFI = 0.902. AGFI = 0.877. CFI
= 0.971. NNFI= 0.966]. The goodness of fit indices is given in the Table 29
below:

Table 29 Goodness of Fit Indices of the Survey-Testt Model

Fit Index Criterion Value
Chi-Square (x?) (Ratio of y “to df ) 818.445 1.63<5
Degrees of Freedom(df) <5 503

Root Mean Square Error of Approximation 0.0382
(RMSEA) <0.05

Root Mean Square Residual (RMR) smaller the better 0.0674
Standardized Root Mean Square Residual (S- 0.0540
RMR)

Parsimony Goodness of Fit Index (PGFI) . 0.720
Parsimony Normed Fit Index (PNFI) higher the better 0.785
Normed Fit Index (NFI) 0.929
Non-Normed Fit Index (NNFI) 0.966
Comparative Fit Index (CFI) 0.971
Incremental Fit Index (IFI) >0.90 0.971
Relative Fit Index (RFI) 0.916
Goodness of Fit Index (GFI) 0.902
Adjusted Goodness of Fit Index (AGFI) 0.877

The fit indices reveal that the model fits the data well. The normal shape
steam-leaf and g-plots of the fitted residuals and their range that is within 1 in
absolute value indicating overall fit of the data to the model. The direct, indirect
and total effects of exogenous variables to endogenous variables are shown in the

Table 30. Regression equations of the SEM model are shown in the Appendix J.

Table 30 Direct, Indirect and Total Effects for Survey-test model

Variable EXINLOG EXPETCM
Direct Indirect Total Direct Indirect Total
MEANORT -0.11 0.104 -0.002 0.19 - 0.19
MSEFFIC  0.11 0.084 0.20 0.15 - 0.15
MOT 0.05 -0.155 -0.11 -0.28 - -0.28
DISORSD -0.04 0.079 0.03 0.14 - 0.14
SURAPP 0.05 -0.021 0.03 -0.04 - -0.04

*: Values in bold faces indicate significant direct and total effects.
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4.10 Third Model for the Survey and the Test (Surveyi-Test)

Up to now, the fit indices of the two models (survey-test and survey-testt
models) that were tested could be improved up to some degree. These models
were presented in the preceding paragraphs. At present, the factor scores as index
scores that were calculated for five (5) factors of the survey at the exploratory
factor analysis phase by using SPSS program were used in the current model. In
other words, the thirth model included the index scores of these five latent
variables from the survey. Each latent variable’s error variance was set to 1-
Cronbach’s alpha reliability of the corresponding factor at the SIMPLIX syntax
(see Appendix U). No other covariance errors of observed variables were set free
except for the four pairs from the CFA of the test.

The path diagrams of the model in the Figures 12 and 13, represent the
coefficients in standardized and in t-values respectively. The basic structural
model in standardized and in t-value estimates can be found in the Appendix K.
The model includes five independent observed variables; ‘meaning orientation’
(MEANORT!1), ‘mathematics self-efficacy(MSEFFICi)’, ‘motivation (MOTi)’,
‘disorganized study methods(DISORSTDi)’, ‘surface approach(SURAPPi)’ and
two dependent latent variables ‘Express, extract and compute(EXPEXTCM)’,
‘Express, infer logically’ (EXINFLOG) that were measured by 18 observed
variables and 5 index scores as independent observed variables. In addition, a
path from EXPEXTCM to EXINFLOG was added based on the suggested

modification indices and high correlations among these latent variables.
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Figure 12 Parameter Estimates of the Model in Standardized Values
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Figure 13 Paramater Estimates of the Model in t-values
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The measurement and path coefficients (1) of the model with errors of the

independent (o) and dependent variables (¢) were depicted in the Table 31.:

Table 31 Measurement and Error Coefficients of the Model

Dependent Variables Observed Variables Ay €

LInflR1 0.15 0.12
Linf2R2 0.10 0.12
MExX1R4 0.32 0.13
ECp3R13 025 0.17
LInf3R3 021 013
EXINFLOG EC3Riii 021 0.20
EC6RIVi 0.10 0.23
EC4R9iv 0.09 0.12
EC5R9v 0.07 0.12
ECp5R17 0.17 021
ECp7R19 024 0.16
ECp4R16 0.17 0.13
ExTb2R14 0.19 0.18
CpSKILIR7 0.14 0.13
EXPEXTCM ECp2R12 021 0.19
ECp6R18 0.22 0.16
ExTb3R21 0.18 0.17
ECplR11 021 0.20

The magnitude and the direction of the paths from independent to

dependent latent variables (y) are given in the Table 32.

Table 32 Gamma Path Coefficients of the Model

Dependent Variables() Independent Variables(¢) vy

MEANORTI -0.08

MSEFFICi 0.06

EXINFLOG MOTi 0.03
DISORSDi -0.01

SURAPPI 0.15

MEANORTI 0.08

MSEFFICi 0.17

EXPEXTCM MOTi -0.25
DISORSDi 0.13

SURAPPI 0.09
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Path coefficients among dependent variables (f) are shown in the Table
33 below and the squared multiple correlations (R?) of 18 observed variables that

were included in the model are given in the Table 34 below:

Table 33 g path coefficients among dependent variables

Dependent Variables(7) 1

EXINFLOG EXINFLOG -
EXPEXTCMP 0.78

EXPEXTCMP EXINFLOG -

EXPEXTCMP -

Table 34 Squared Multiple Correlations of Observed Variables of the Model

Observed Variables R®

LInflR1 0.16
LInf2R2 0.08
MEx1R4 0.43
ECp3R13 0.26
LInf3R3 0.25
EC3Riii 0.18
EC6R9vi 0.04
EC4R9iv 0.06
EC5R9v 0.04
ECp5R17  0.12
ECp7R19 0.26
ECp4R16  0.19
ExTh2R14 0.17
CpSkI1R7 0.13
ECp2R12  0.20
ECp6R18 0.23
ExTbh3R21 0.16
ECplR11 0.19

The account of variance explained by the latent dependent (endogenous)
variables in terms of R? known as effect sizes are given by the Table 35 below:

Table 35 Squared Multiple Correlations of Dependent Latent Variables

Endogenous Variables(#) R?
EXPEXTCMP 0.12
EXINFLOG 0.65
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The endogenous variable EXPEXTCM (express, extract and compute)
has medium effect size whereas EXINFLOG (express, infer logically) has large
effect size.In addition, the summary statistics of the fitted residuals, stem-leaf
and g-plots that were given in the Appendix X shows that fitted residuals range
are within the acceptable values for a good fit that is +1 (Kelloway, 1998). The
goodness of fit indices after the revision according to the modification indices
are: [(x%(254.573 N = 431) = 250.546 p<.0000. RMSEA= 0.0212. S-RMR =
0.0407. GFI = 0.952. AGFI = 0.937. CFIl = 0.976. NNFI= 0.971]. The goodness
of fit indices is given in the Table 36 below:

Table 36 Goodness of Fit Indices of the Surveyi-Test Model

Fit Index Criterion Value
Chi-Square (x?) (Ratio of y “to df) 254573 1.21<5
Degrees of Freedom(df) <5 210

Root Mean Square Error of Approximation 0.0212
(RMSEA) <0.05

Root Mean Square Residual (RMR) smaller the better 0.0122
Standardized Root Mean Square Residual (S- 0.0407
RMR)

Parsimony Goodness of Fit Index (PGFI) . 0.724
Parsimony Normed Fit Index (PNFI) higher the better 0.729
Normed Fit Index (NFI) 0.878
Non-Normed Fit Index (NNFI) 0.971
Comparative Fit Index (CFI) 0.976
Incremental Fit Index (IFI) >0.90 0.976
Relative Fit Index (RFI) 0.853
Goodness of Fit Index (GFI) 0.952
Adjusted Goodness of Fit Index (AGFI) 0.937

It can be concluded that the model fits the data very well. The fitted
residuals display are within 1 in absolute value and the similarity of the shape of
the steam-leaf plots of fitted residuals to the standardized residuals could also
refer to an overall fit of the data to the model. The direct, indirect and total
effects of exogenous variables to endogenous variables are shown in the Table
37. In addition, the structural regression equations of the surveyi-test model at

Appendix U.
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Table 37 Direct, Indirect and Total Effects of Latent variables at SEM Model*

Variable EXINFLOG EXPEXTCMP
Direct Indirect Total Direct Indirect Total
MEANORTi -0.09 0.06 -0.02 0.08 - 0.08
MSEFFICi  0.06 0.13 0.19 0.17 - 0.17
MOTi 0.02 -0.19 -0.17 -0.25 - -0.25
DISORSDi  -0.01 0.10 0.09 0.13 - 0.13
SURAPPI 0.14 0.07 0.22 0.09 - 0.09

*: Values in bold faces indicate significant direct and total effects.

4.11 Factor Structure Equalities across Two Regions

In order to answer the research question 4, among three structural models
tested in the preceding sections, the third structural model (surveyi-test) that
yielded best fit indices were considered as satisfactory for validating this model
across two regions (Ankara and Northern Cyprus). The model comprise of five
independent variables as index scores of the subdimensions of the survey
(‘meaning orientation’ (MEANORT1), ‘mathematics self-efficacy(MSEFFICi)’,
‘motivation (MOTi)’, ‘disorganized study methods(DISORSTDi)’, ‘surface
approach(SURAPPi)’) and two dependent latent variables as ‘Express, extract
and compute(EXPEXTCM)’, ‘Express, infer logically’ (EXINFLOG) of the test
on competency in mathematical thinking and reasoning. This model was tested
by LISREL program.

The results for Ankara region are presented below. The path diagrams of
the model at the Figures 14 and 15 represent the coefficients in standardized and
in t-values respectively. The basic structural model in standardized and in t-value

estimates can be found in the Appendix L.
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Figure 14 Standardized Parameter Estimates of the Model for Ankara Region
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Figure 15 T-value Estimates of the Model for Ankara Region
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The measurement and path coefficients (1) of the model with errors of the

independent (o) and dependent variables (¢) were depicted in the Table 38:

Table 38 Measurement and Error Coefficients of the Model

Dependent Variables Observed Variables Ay €

LInfLR1 0.15 0.18
LInf2R2 0.08 0.19
MExLR4 030 0.17
ECp3R13 028 0.17
LInf3R3 023 0.17
EXINFLOG EC3ROiii 0.12 0.19
EC6ROV 0.05 0.25
EC4R9iv 0.03 0.09
EC5R9v 0.05 0.11
ECp5R17 0.12 024
ECp7R19 020 0.12
ECp4R16 0.15 0.08
ExTh2R14 0.16 0.15
CpSkI1R7 0.09 0.08
EXPEXTCM ECp2R12 0.17 0.15
ECp6R18 0.10 0.11
ExTb3R21 0.15 0.15
ECplR11 0.16 0.18

The gamma (y) path coefficients from independent to dependent latent

variables are given in the Table 39.

Table 39 Gamma Path Coefficients of the Model

Dependent Variables(y) Independent Variables(¢) y

EXINFLOG MEANORTI -0.102
MSEFFICi -0.042

MOTi -0.006

DISORSDi 0.039

SURAPPI 0.269

EXPEXTCM MEANORTI -0.024
MSEFFICi 0.227

MOTi -0.327

DISORSDI 0.150

SURAPPI 0.099
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Path coefficients among dependent variables beta (5) are shown in the
Table 40 and the squared multiple correlations (R?) of 18 observed variables that

were included in the model are given in the Table 41 below:

Table 40 g path coefficients among dependent variables

Dependent Variables() S

EXINFLOG EXINFLOG -
EXPEXTCM 0.80

EXPEXTCM EXINFLOG -

EXPEXTCMP -

Table 41 Squared Multiple Correlations of Observed Variables of the Model

Observed Variables R®

LinflR1 0.11
LInf2R2 0.03
MExX1R4 0.37
ECp3R13 0.32
LInf3R3 0.24
EC3Riii 0.07
EC6ROVi 0.01
EC4R9iv 0.01
EC5R9v 0.02
ECp5R17 0.06
ECp7R19 0.25
ECp4R16 0.23
ExTb2R14 0.14
CpSKILR7 0.09
ECp2R12 0.15
ECp6R18 0.08
ExTb3R21 0.13
ECplR11 0.12

The account of variance explained by the latent dependent (endogenous)
variables in terms of squared multiple correlations which are also known as

effect sizes are given by the Table 42.
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Table 42 Squared Multiple Correlations of Dependent Latent Variables

Endogenous Variables() R’
EXPEXTCMP 0.16
EXINFLOG 0.72

The endogenous variable EXPEXTCM (express, extract and compute)
has medium effect size whereas EXINFLOG (express, infer logically) has large
effect size. In addition, the summary statistics of the fitted residuals, stem-leaf
and g-plots that were given in the Appendix X shows that fitted residuals range
are within the acceptable values for a good fit that is =1 (Kelloway, 1998). The
goodness of fit indices after the revision according to the modification indices
are: [(¥?(255.830 N = 231) = 240.829 p=0.0710. RMSEA= 0.025. S-RMR =
0.0561. GFI = 0.917. AGFI = 0.890. CFI = 0.922. NNFI= 0.906]. The goodness

of fit indices is given in the Table 43 below:

Table 43 Goodness of Fit Indices of the Model for Ankara Region

Fit Index Criterion Value
Chi-Square (x?) (Ratio of y 2to df) 255.830 1.22<5
Degrees of Freedom(df) <5 210

Root Mean Square Error of Approximation 0.0253
(RMSEA) <0.05

Root Mean Square Residual (RMR) smaller the better 0.0147
Standardized Root Mean Square Residual (S- 0.0561
RMR)

Parsimony Goodness of Fit Index (PGFI) . 0.697
Parsimony Normed Fit Index (PNFI) higher the better 0.577
Normed Fit Index (NFI) 0.695
Non-Normed Fit Index (NNFI) 0.906
Comparative Fit Index (CFI) 0.922
Incremental Fit Index (IFI) >0.90 0.927
Relative Fit Index (RFI) 0.633
Goodness of Fit Index (GFI) 0.917
Adjusted Goodness of Fit Index (AGFI) 0.890

It can be concluded that the model fits the data very well. The fitted
residuals display are within 1 in absolute value and the similarity of the shape of
the steam-leaf plots of fitted residuals to the standardized residuals could also

refer to an overall fit of the data to the model. The direct, indirect and total
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effects of exogenous variables to endogenous variables are shown in the Table

44. In addition, the structural regression equations of the SEM model are shown

at Appendix N.

Table 44 Direct, Indirect and Total Effects for Ankara Region

Variable EXINFLOG EXPEXTCMP
Direct Indirect Total Direct Indirect Total
MEANORTiI -0.10 -0.02 -0.12 -0.02 - -0.02
MSEFFICi  -0.04 0.18 0.14 0.23 - 0.23
MOTi -0.01 -0.26 -0.27 -0.33 - -0.33
DISORSDi  0.04 0.12 0.16 0.15 - 0.15
SURAPPI 0.27 0.08 0.35 0.10 - 0.10

*: Values in bold faces indicate significant direct and total effects.

In addition, the results for Northern Cyprus region are presented below.
The path diagrams of the model at the Figures 16 and 17 represent the
coefficients in standardized and in t-values respectively. The basic structural

model in standardized and in t-value estimates can be found in the Appendix M
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Figure 16 Standard Parameter Estimates of the Model for Northern Cyprus

Region
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Figure 17 T-value Estimates of the Model for Northern Cyprus Region

The measurement and path coefficients (1) of the model with errors of the

independent (o) and dependent variables (¢) were depicted in the Table 45:

Table 45 Measurement and Error Coefficients of the Model

Dependent Variables Observed Variables Ay €

LInfIR1 0.04 0.5
LInf2R2 -0.01 0.02
MEx1R4 020 0.11
ECp3R13 0.14 0.18
LInf3R3 0.12 0.08
EXINFLOG EC3RYiii 021 0.20
EC6ROVi 021 0.19
EC4ROiv 0.13 0.15
EC5R9v 0.12 0.13
ECp5R17 023 0.17
ECp7R19 0.25 0.18
ECp4R16 0.16 0.18
ExTb2R14 0.20 0.20
CpSkIIR? 0.12 0.19
EXPEXTCM ECp2R12 0.14 0.23
ECp6R18 0.19 0.21
ExTb3R21 020 0.19
ECp1R11 0.13 0.23
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The magnitude and the direction of the paths from independent to

dependent latent variables (y) are given in the Table 46.

Table 46 Gamma Path Coefficients of the Model

Dependent Variables(s) Independent Variables(¢) y

EXINFLOG MEANORTI -0.08
MSEFFICi 0.108

MOTi 0.037

DISORSDi 0.004

SURAPPI 0.189

EXPEXTCM MEANORTiI 0.162
MSEFFICi 0.144

MOTi -0.161

DISORSDI 0.266

SURAPPI 0.109

Path coefficients among dependent variables beta (5) are shown in the
Table 47 and the squared multiple correlations (R?) of 18 observed variables that

were included in the model are given in the Table 48 below:

Table 47 g path coefficients among dependent variables

Dependent Variables(#) B
EXINFLOG -

EXINFLOG  —EvbExTeM 052
EXINFLOG -
EXPEXTCM ~ExpEXTCMP -

Table 48 Squared Multiple Correlations of Observed Variables of the Model

Observed Variables R®

LInflR1 0.04
LInf2R2 0.01
MEx1R4 0.26
ECp3R13 0.10
LInf3R3 0.14
EC3ROiii 0.18
EC6R9vi 0.18
EC4R9iv 0.10
EC5R9v 0.09
ECpSR17 0.23

89



Table 48 (Cont’d)
Observed Variables R?

ECp7R19 0.25
ECp4R16 0.12
ExTb2R14 0.16
CpSKIIR7 0.07
ECp2R12 0.07
ECp6R18 0.15
ExTh3R21 0.16
ECplR11 0.07

The account of variance explained by the latent dependent (endogenous)
variables in terms of squared multiple correlations which are also known as

effect sizes are given by the Table 49.

Table 49 Squared Multiple Correlations of Dependent Latent Variables

Endogenous Variables() R®
EXPEXTCMP 0.35
EXINFLOG 0.17

The endogenous variable EXPEXTCM (express, extract and compute)
has large effect size whereas EXINFLOG (express, infer logically) has medium
effect size. In addition, the summary statistics of the fitted residuals, stem-leaf
and g-plots that were given in the Appendix X shows that fitted residuals range
are within the acceptable values for a good fit that is =1 (Kelloway, 1998). The
goodness of fit indices after the revision according to the modification indices
are: [(x?(273.187 N = 200) = 272.748 p=0.0231. RMSEA= 0.0387. S-RMR =
0.0635. GFI = 0.894. AGFI = 0.860. CFI = 0.861. NNFI= 0.833]. The goodness
of fit indices is given in the Table 50.
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Table 50 Goodness of Fit Indices of the Model for Northern Cyprus Region

Fit Index Criterion Value
Chi-Square (x°) (Ratio of y “to df) 273.187 1.30<5
Degrees of Freedom(df) <5 210

Root Mean Square Error of Approximation 0.0387
(RMSEA) <0.05

Root Mean Square Residual (RMR) smaller the better 0.0189
Standardized Root Mean Square Residual (S- 0.0635
RMR)

Parsimony Goodness of Fit Index (PGFI) . 0.680
Parsimony Normed Fit Index (PNFI) higher the better 0.510
Normed Fit Index (NFI) 0.614
Non-Normed Fit Index (NNFI) 0.833
Comparative Fit Index (CFI) 0.861
Incremental Fit Index (IFI) >0.90 0.873
Relative Fit Index (RFI) 0.535
Goodness of Fit Index (GFI) 0.894
Adjusted Goodness of Fit Index (AGFI) 0.860

It can be concluded that the model fits the data reasonably. The fitted
residuals display are within 1 in absolute value and the similarity of the shape of
the steam-leaf plots of fitted residuals to the standardized residuals could also
refer to an overall fit of the data to the model. The direct, indirect and total
effects of exogenous variables to endogenous variables are shown in the Table
51. In addition, the structural regression equations of the SEM model are shown

at Appendix N.

Table 51 Direct, Indirect and Total Effects for Northern Cyprus Region

Variable EXINFLOG EXPEXTCMP
Direct Indirect Total Direct Indirect Total
MEANORTiI -0.078 0.08 0.01 0.16 - 0.16
MSEFFICi  0.108 0.08 0.18 0.14 - 0.14
MOTi 0.037 -0.08 -0.05 -0.16 - -0.16
DISORSDi  0.004 0.14 0.14 0.27 - 0.27
SURAPPI 0.19 0.06 0.25 0.11 - 0.11

The comparison of the overall and region based fit indices, Cronbach’s alpha
coefficients of the factors and the ranges of the standardized path coefficients are
given in the Tables 52, 52, and 54.
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Table 52 Goodness of Fit Indices for surveyi-test model

Fit Index Overall Ankara Northern Cyprus
Chi-Square ( y *) / Degrees of 1.21 1.22 1.30
Freedom(df)

Root Mean Square Error of 0.0212 0.0253 0.0387
Approximation (RMSEA)

Standardized Root Mean Square 0.0407 0.0561 0.0635
Residual

(S-RMR)

Goodness of Fit Index (GFI) 0.952 0.917 0.894
Adjusted Goodness of Fit Index (AGFI)  0.937 0.890 0.860
Comparative Fit Index (CFI) 0.976 0.922 0.861

Table 53 Alpha Reliability Coefficients for All Latent Variables across Regions

Latent Overall(N=431) Ankara(N=200) Northern
Variables Cyprus(N=231)
MEANORT 0.869 0.795 0.911
MSEFFIC 0.762 0.774 0.756
MOT 0.745 0.747 0.752
DISORSTD 0.737 0.736 0.744
SURAPP 0.721 0.700 0.743
EXPEXTCM 0.657 0.575 0.562
EXINFLOG 0.651 0.525 0.606

Table 54 Overall Range of the Standardized Path coefficients across Regions

Path Coefficients Range Min. Max.

Overall -0.25 0.22
Ankara -0.33 0.35
Northern Cyprus -0.16 0.27

From the Table 52 above, all the fit indices are deemed to be acceptable for
moving on the interpretation of the significant relationships among the latent
variables of the model across the two regions.

With the aim of further investigating of the region based differences in the
subdimensions of the survey and the test, the aforementioned surveyi-test model
was taken into account for this purpose. In order to validate whether surveyi-test
model holds across two regions, covariance matrices obtained for Ankara

(N=231) and Northern Cyprus (N=200) samples separately and the model was
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tested for each region respectively. The model yielded adequate fit to the data for
both regions. For Northern Cyprus sample, however no statistically significant
relationship was observed in the path coefficients of the model. On the other
hand, at Ankara sample, MSEFFICi (positively affects EXPEXTCM whereas
MOTi negatively affects EXPEXTCM and SURAPPi positively affects
EXINFLOG. In addition, there is a positive effect of EXPEXTCM on
EXINFLOG. This outcome is in line with the overall model.

For both regions, there are positive direct and total effects of SURAPPI on
EXINFLOG. In addition, there exist positive indirect and total effects of
MSEFFICi on EXINFLOG and negative indirect and total effects of MOTi on
EXINFLOG. There exist also direct positive and total effects of MSEFFICi on
EXPEXTCM and negative direct and total effects MOTi on EXPEXTCM.

For Ankara region, there are direct positive effects of EXPEXTCM and
SURAPPI on EXINFLOG. There is positive direct effect of MSEFFICi and there
is negative effect of MOTi on EXPEXTCM. In addition, there exists negative
indirect effect of MOTi and positive total effect of SURAPPi on EXINFLOG.
There exist positive total effect of MSEFFIC, and negative total effect of MOTi
on EXPEXTCM.

4.12 Gender and Grade Level Differences among Factors of Survey

Addressing research questions 5.1 through 5.3, corresponding hypotheses
were tested by two-way Multivariate Analysis of Variance (MANOVA).
The independent variables are gender and grade level, the dependent
variables are the index scores of the factors of the survey; ‘meaning
orientation” (MEANORTiI), ‘mathematics self-efficacy (MSEFFICi)’,
‘motivation (MOTi)’, ‘disorganized study methods (DISORSDi)’, ‘surface
approach (SURAPPi)’. The descriptive statistics of minimum, maximum,
mean, standandard deviation, skewness and kurtosis of the dependent
variables with respect to the levels of independent variables were shown
below at the Tables 55 and 56.
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Table 55 Descriptive Statistics with respect to Gender

Female
N Min. Max. M STD SK KR
MEANORTiI 281 -4.79 218 0.10 0.93 -1.29 4.80
MSEFFICi 281 -345 3.06 -0.03 1.01 0.01 0.15
MOTi 281 -3.21 271 0.08 096 -046 0.54
DISORSDi 281 -253 263 -0.01 1.00 0.22 -0.17
SURAPPI 281 -3.09 276 001 096 -0.16 0.06
Male
MEANORTi 148 -4.43 201 -0.18 1.08 -1.24 2.88
MSEFFICi 148 -2.47 274 0.06 0.98 0.00 -0.21
MOTi 148 -357 218 -0.15 1.06 -0.50 0.71
DISORSDI 148 -2.15 254 0.01 1.00 0.12 -0.51
SURAPPI 148 -2.88 2.71 -0.03 1.08 -0.22 0.17
All
MEANORTiI 431 -479 218 0.00 1.00 -1.30 3.84
MSEFFICi 431 -345 3.06 0.00 1.00 0.00 0.04
MOTi 431 -3.57 271 000 1.00 -0.50 0.67
DISORSDi 431 -253 2.63 0.00 1.00 0.18 -0.30
SURAPPI 431 -3.09 276 0.00 1.00 -0.20 0.15

Table 56 Descriptive Statistics with respect to Grade Level

Grade Level 1

N Min. Max. M STD SK KR
MEANORTI 86 -2.04 194 0.13 0.76 0.04 0.46
MSEFFICi 86 -2.79 2.09 -0.01 099 0.04 -0.32
MOTi 86 -2.27 183 021 0.80 -0.24 0.35
DISORSDiI 86 -2.11 2.63 -0.02 094 0.36 0.36
SURAPPI 86 -1.87 183 -0.07 0.85 0.04 -0.44
Grade Level 2
MEANORTiI 115 -4.13 2.18 -0.07 0.98 -1.35 4.20
MSEFFICi 115 -2.00 3.06 0.01 096 033 0.11
MOTi 115 -294 271 -0.06 111 -0.21 -0.11
DISORSDi 115 -253 254 -0.34 0.97 0.47 0.09
SURAPPI 115 -3.09 241 -0.17 114 -0.32 -0.11
Grade Level 3
MEANORTiI 109 -2.83 1.75 -0.01 1.01 -0.80 0.66
MSEFFICi 109 -345 274 -0.01 1.13 -0.09 -0.05
MOTi 109 -3.57 216 0.00 091 -0.95 3.03
DISORSDi 109 -2.15 210 0.17 0.97 -0.02 -0.59
SURAPPI 109 -264 271 0.05 094 -0.02 0.23
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Table 56 (continued)
Grade Level 4 and 5 (4&5)
MEANORTiI 119 -4.79 196 -0.02 1.15 -1.74 4,98
MSEFFICi 119 -2.47 260 0.00 0.95 -0.18 0.22
MOTi 119 -3.21 218 -0.11 1.07 -0.43 0.05
DISORSDi 119 -2.16 235 0.18 1.03 0.03 -0.25
SURAPPI 119 -2.88 2.76 0.15 0.99 -0.12 0.13
All Grade Levels
MEANORTiI 431 -479 218 0.00 1.00 -1.30 3.84
MSEFFICi 431 -345 3.06 0.00 1.00 0.00 0.04
MOTi 431 -357 271 0.00 1.00 -0.50 0.67
DISORSDi 431 -253 263 0.00 1.00 0.18 -0.30
SURAPPI 431 -3.09 276 0.00 1.00 -0.20 0.15

From the Tables 55 and 56, except for the few kurtosis values, the
skewness and kurtosis values are within the acceptable range of £2. In addition,

histograms with normal curves were given in the Figures 18 and 19 below:

Female Male All

Figure 18 Histograms of the Dependent Variables with respect to Gender
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Grade Level
1 2 3 485 All

Figure 19 Histograms of the Dependent Variables with respect to Grade Level

Multivariate analysis of variance (MANOVA) has three assumptions;
independence of observations, normality of the population variances that
indicates multivariate normality i.e. observations on the dependent variables are
multivariately normally distributed for each group of independent variables and
that univariate normality could be inspected by histograms, skewness and
kurtosis and multivariate normality can be detected by Mahalanobis distance
calculated for dependent variables, and the equality of the population variance-
covariance matrices for the dependent variables could be checked by Box test of
equality of covariance matrices and Levene’s test of equality of error variances.

It was assumed that the there exist no correlated observations between
subjects. For the univariate normality assumption, histograms with normal curve
and skewness and kurtosis were inspected. Although there are few violations
regarding kurtosis but since there are more than 30 subjects for each cell the
MANOVA analysis is still robust (Pallant, 2007, p. 286).

For the multivariate normality Mahalanobis Distance was calculated.
Although there are few outliers that are not influential points and since

MANOVA can tolerate few outliers they are included in the analysis (Pallant,
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2007, p. 279). From the Box’s M Test of Equality of the Covariance matrices it
could be seen that covariance matrices for 5 dependent variables were not equal.
Since the ratio of largest group size to the smallest 3.24 > 1.5 this assumption is
not met. However, it was stated that Box’s M Test could be too strict for the
large sample size (Tabachnick & Fidell, 2001).

Table 57 Box's Test of Equality of Covariance Matrices

Box's M 174.536

F 1589
dfl 105
df2  117546.749
Sig. 0.000

For the equality of the error variances, Levene’s test revealed that except the

dependent variable MOTi other variables satistfy this assumption.

Table 58 Levene's Equality of Error Variances

Levene's Test of Equality of Error Variances®
F dfl df2  Sig.

MEANORTi  1.509 7 419 0.162
MSEFFICi 1.952 7 419 0.060
MOTi 4.288 7 419 0.000
DISORSDi 0.373 7 419 0.918
SURAPPI 1.698 7 419 0.108

After the verification of the assumptions, two-way MANOVA was
conducted to test the null hypothesis regarding research question 5.1 through 5.3
at significance level of 0.05. Wilk’s Lambda (A) was considered for testing

multivariate null hypotheses. The result was shown in the Table 59.

Table 59 Multivariate Tests

Effect Wilks'A F Hypo.df  Err. df Sig. Partial ~ Observed
Value Eta Power
Squared
Gender 0.969 2.618" 5 415 0.024*  0.031 0.803
GradeLevel 0932  1.962 15 1146.034 0.015*  0.023 0.940

Gender*GradeLevel 0.968 0.904 15 1146.034 0.560 0.011 0.567

* p<0.05
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Significant differences were found among the dependent variables with
respect to gender and grade level separately at the alpha (a) level of significance
0.05. However, there exists no significant interaction between gender and grade

level on the composite set of related factors. From multivariate test results, for

gender, Wilk’s A = 0.969 F (5,415) =2.618, p=0.024, ;72:0.031, for grade level
Wilk’s A = 0.932 F (15, 1146.034) =1.962, p<0.05, #°=0.023). The eta-squared

712 has small effect that is only 3.1% and 2.3% of the variance are explained by 5

dependent variables regarding gender and grade level respectively. The follow-
up test results are shown in the Table 60 below:

Table 60 Tests of Between-Subjects Effects

Type 1l Partial Observed
Dependent Mean . b
Source . Sum of Df F Sig.  Eta Power
Variable Square
Squares Squared  Source

MEANORTi  7.550 7.550 7.704 .006* 0.018 0.791

MSEFFICi 0.651 0.651 0.637 0.425 0.002 0.125

Gender MOTi 4.213 4.213 4271 0.039 0.010 0.541

DISORSDi 0.129 0.129 0.135 0.714 0.000 0.066

SURAPPI 0.097 0.097 0.097 0.756 0.000 0.061

MSEFFICi 0.049 0.016 0.016 0.997 0.000 0.053

GradeLev. MOTi 7.056 2.352 2.384 0.069 0.017 0.595

DISORSDi 13.075 4.358 4561 .004* 0.032 0.885

1
1
1
1
1
MEANORTi  2.205 3 0735 0.750 0.523 0.005 0.211
3
3
3
3

SURAPPI 6.067 2.022 2.024 0.110 0.014 0.519

*p<0.01

The tests between-subject effect results were tested at the alpha level 0.01
which was calculated by dividing the selected alpha level (0.05) into the number
of dependent variables (5). Results showed that there exist statistically
significant mean differences among MEANORTi (meaning orientation of
students) with respect to gender (F (1,419) = 7.704, p=0.006, 77220.02)) and
DISORSDi (disorganized study methods) with respect to grade level (F (3,419)
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=4.561, p=0.04, 712:0.032)). The partial eta-squared has small effect sizes on the

specified factors. In order to detect significantly different groups, post hoc

analysis was considered for the grade level since it has more than 3 categories

and estimated marginal means were taken into consideration for the independent

variable gender. The inspection of mean scores revealed that females (M=0.10,
SD= 0.93) reported remarkably higher scores in the MEANORTI (meaning
orientation) dimension than males (M= -0.18, SD= 1.08). The multiple

comparisons across grade level were presented at the Table 61.:

Table 61 Multiple Comparisons across Grade Level

Dependent Variable 0] ) Mean Std. Sig.
Grade Grade Difference Error
Level Level (1-J)
DISORSDi  Scheffe 1 2 0.3169 0.13936 0.161
3 -0.1842 0.14157 0.639
4veb -0.2086 0.13835 0.519
2 1 -0.3169 0.13936 0.161
3 -0.5011* 0.13130 0.002*
4veb -0.5255* 0.12783 0.001*
3 1 0.1842 0.14157 0.639
2 0.5011* 0.13130 0.002
4veb -0.0243 0.13023  0.998
4ve5 1 0.2086 0.13835 0.519
2 0.5255* 0.12783 0.001
3 0.0243 0.13023 0.998
Bonferroni 1 2 0.3169 0.13936 0.141
3 -0.1842 0.14157 1.000
4veb -0.2086 0.13835 0.795
2 1 -0.3169 0.13936 0.141
3 -0.5011* 0.13130 0.001*
4veb -0.5255* 0.12783 0.000*
3 1 0.1842 0.14157 1.000
2 0.5011* 0.13130 0.001
4veb -0.0243 0.13023 1.000
4veb5 1 0.2086 0.13835 0.795
2 0.5255* 0.12783  0.000
3 0.0243 0.13023 1.000
* p<0.01

From the Table 61, there exist significant differences between grade

99



levels 2 and 3; and between grade levels 2, and 4&S5 across the dependent
variable DISORSDi (disorganized study methods). In other words, third year
students (M=0.17, SD=0.97) have acquired more disorganized study methods
than second year students (M= -0.34 SD=0.97). Besides, fourth and fifth year
students (M=0.18, SD=1.03) use more disorganized study methods than second
year students (M= -0.34, SD=0.97). However, the effect sizes are again small for

these particular comparsions.

4.13 Region and Grade Level Differences among Factors of the Test

Two-way Multivariate Analysis of Variance (MANOVA) was employed in
order to investigate research questions 6.1 through 6.3 and corresponding
hypotheses.The independent variables are region and grade level, and the
dependent variables as EXPEXTCMt (express, extract and compute) and
EXINFLOGt (express, infer logically) where observed variables comprising each
factor were added together to create a total score for each dimension. The
descriptive statistics of minimum, maximum, mean, standandard deviation,
skewness and kurtosis of the dependent variables with respect to the levels of

independent variables were shown below at the Tables 62 and 63:

Table 62 Descriptive Statistics with respect to Region

Students at Ankara Region

N Min. Max. M STD SK KR
EXPEXTCMt 231 1 8 646 157 -140 2.02
EXINFLOGt 231 1 10 539 196 0.16 -0.52

Students at Northern Cyprus Region
EXPEXTCMt 200 0 8 466 192 -0.35 -0.52
EXINFLOGt 200 0 8 338 184 0.31 -0.40
All Students

EXPEXTCMt 431 0 8 562 196 -0.77 -0.12
EXINFLOGt 431 0 10 446 215 0.21 -0.46
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Table 63 Descriptive Statistics with respect to Grade Level

Grade Level 1
N Min. Max. M STD SK KR
EXPEXTCMt 86 1.00 8.00 586 2.00 -093 0.19
EXINFLOGt 86 1.00 9.00 490 1.83 0.37 -0.36
Grade Level 2
EXPEXTCMt 115 1.00 8.00 525 1.91 -0.38 -0.64
EXINFLOGt 115 0.00 10.00 3.77 2.36 0.40 -0.41
Grade Level 3
EXPEXTCMt 109 0.00 8.00 533 217 -0.66 -0.40
EXINFLOGt 109 0.00 9.00 4.18 1.92 0.47 -0.05
Grade Level 4&5
EXPEXTCMt 119 1.00 8.00 6.08 1.67 -1.14 1.03
EXINFLOGt 119 0.00 10.00 5.08 214 0.05 -0.69
All Grade Levels
EXPEXTCMt 431 0.00 8.00 562 1.96 -0.77 -0.12
EXINFLOGt 431 0.00 10.00 4.46 2.15 0.21 -0.46

Tables 62 and 63 imply that skewness and kurtosis values are within the
acceptable ranges (+£2). Histograms with normal curves were shown in the
Figures 20 and 21.

Ankara Northern Cyprus All

EXPEXTCMt

EXINFLOGt | 7,

Figure 20 Histograms of the Dependent Variables with respect to Region

Grade Levels

1 2 3 4&5 All

=

; ’,""" ‘ ‘ ‘\ , . j_;"" \ , | | ‘I‘,‘I‘
/‘ z | ) ¢ \ '7 .

EXPEXTCMt
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Figure 21 Histograms of the Dependent Variables with respect to Grade Level
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It was assumed that there exist no correlated observations between
subjects. For the univariate normality assumption, histograms with normal curve
and skewness and kurtosis were inspected. Since there are more than 30 subjects
for each cell the MANOVA analysis is robust (Pallant, 2007, p. 286).

For the multivariate normality Mahalanobis Distance was calculated.
Although there are few outliers that are not influential points and since
MANOVA can tolerate few outliers they are included in the analysis (Pallant,
2007, p. 279). From the Box’s M Test of Equality of the Covariance matrices it
could be seen that covariance matrices for 2 dependent variables were not equal.
Since the ratio of largest group size to the smallest 2.69 > 1.5 this assumption is
not met. It was stated that Box’s M Test could be too strict for the large sample
size (Tabachnick & Fidell, 2001).

Table 64 Box's Test of Equality of Covariance Matrices

Box's M 67.319
F 3.144
dfl 21
df2  102420.058
Sig. 0.000

For the equality of the error variances, Levene’s test revealed that the

dependent variable EXPEXTCMt doesn’t meet with the assumption.

Table 65 Levene's Equality of Error Variances

Levene's Test of Equality of Error Variances®

F dfl  df2  Sig.
EXPEXTCMt 3.711 7 421 .001

EXINFLOGt 927 7 421 485

After the verification of the assumptions, two-way MANOVA was
conducted to test the null hypothesis regarding research question 6.1 through 6.3
at both significance of level of 0.05. Wilk’s Lambda (A) was considered for
testing multivariate null hypotheses. The result was shown in the Table 66:
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Table 66 Multivariate Tests

Effect Wilks' F Hypothesis Error  Sig. Partial Observed
Lambda df df Eta Power®
Squared
Grade Level 0939  4.477° 6 840 .000* 031 .986
Region 0.737  75.013° 2 420  .000* 263 1.000
Region * 0.950 3.617° 6 840 .002* 025 957
Grade Level
*p<0.05

Significant differences were found among dependent variables with
respect to region and grade level separately at the alpha (o) level of significance
0.05. Furthermore, the interaction between region and grade level were also

found to be significant on these composite set of factors. From multivariate test
results, Wilk’s A = 0.939 F (2,420) =75.013, p=0.000, 172:0.263 for region,
Wilk’s A =0.939 F (6, 840) =4.477, p=0.000, 172:0.031) for grade level and for
the interaction Wilk’s A = 0.950 F (6, 840) =3.617, p=0.02, 77220.025). The

partial eta-squared ;72 has small effect size for grade level and for the region by
grade level interaction that are 3.1% and 2.5% of the variances are explained by
2 dependent variables respectively. On the other hand, the partial eta-squared ;72
has large effect size for region. That is 26.3% of the variance is explained by the
2 dependent variables regarding Cohen’s (1988) classification of 5 effect size
where 0.01 is small, 0.06 is medium, and 0.14 or greater is considered as large.

The follow-up test results are shown in the Table 67:

Table 67 Tests of Between-Subjects Effects

Source Dependent Type df Mean F Sig. Partial  Observed
Variable 111 Sum Square Eta Power”
of Squared
Squares

GradeLev EXPEXTCMt 34.888 11.629 4.034  .008* .028 .840

EXINFLOGt  74.755 24.918 7.331  .000* .050 .984

Region EXPEXTCMt 303.011 303.011 105.120 .000* .200 1.000

Region* EXPEXTCMt 42.785 14.262 4.948  .002* .034 911

3
3
1
EXINFLOGt 328518 1 328518 96.656 .000* 187 1.000
3
3

GradeLevel EXINFLOGt 37.612 12.537 3.689 .012* .026 .802

* p<0.025

The tests between subject effect results were tested at the alpha level
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0.025 which was calculated by dividing the selected alpha level (0.05) into the
number of dependent variables (2). All results are found to be significant, namely
there exist statistically significant mean differences among the dependent
variables EXPEXTCMt (express, extract and compute) and EXINFLOGt
(express, infer logically) with respect to grade level, region and region*grade

level interaction respectively. For the independent variable grade level, the

dependent variable EXPEXTCMt has F (3,421) = 4.034, p=0.008, ;7220.028;

EXINFLOGt F (3,421) = 7.331, p=0.000, ;72:0.050. For the independent
variable region, the dependent variable EXPEXTCMt has values F (1,421) =
105.120, p=0.000, ;7220.200; EXINFLOGt F (1,421) = 96.656, p=0.000,

712:0.187. For the interaction region*grade level, the dependent variable
EXPEXTCMt has values F (3,421) = 4.948, p=0.002, ;72:0.034; EXINFLOGt F
(3,421) =3.689, p=0.012, 17220.026. The eta-squared effect sizes are small except

for the variables region where the effect size is large. In order to detect
significantly different groups post hoc analyses were carried out for grade level
since it has more than 3 categories and estimated marginal means were taken into
consideration for the variable region. From the inspection of mean scores among
students it was found out that for EXPEXTCMt (express, extract and compute)
students from Ankara region (M=6.46, SD= 1.57) have higher scores than
students from Northern Cyprus region (M=4.66, SD= 1.92) and also for the
dependent variable EXINFLOGt (express, infer logically) students from Ankara
region (M=5.39, SD= 1.96) have obtained higher scores than students from
Northern Cyprus region (M=3.38, SD= 1.84).

For the independent variable grade level, multiple comparisons from the
post hoc tests were taken into account since it has more than three categories.
From the Table 68, by using Bonferroni adjustment, it was revealed that for the
dependent variable EXPEXTCMt (express, extract and compute) fourth and fifth
year students (M=6.08, SD= 1.67) have reported significantly higher scores than
the second grade students (M=5.25, SD= 1.91) and than the third year students
(M=5.33, SD= 2.17). In addition, it is was found out that for the EXINFLOGt
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(express, infer logically), first year students (M=4.90, SD= 1.83) have higher
scores than second year students (M=3.77, SD=2.36) and fourth and fifth year
students (M=5.08, SD=2.14) have acquired significantly higher scores than
second year students (M=3.77, SD=2.36) and also than third year students
(M=4.18, SD=1.92).

Table 68 Multiple Comparisons across Grade Level

Dependent Variable () Grade  (J) Grade Mean Std. Sig.
Level Level Difference (I-J) Error
EXPEXTCMt Bonferroni 1 2 6083 24204 .074
3 5302  .24487 .186
4ve5 -2236  .24029 1.000
2 1 -.6083  .24204 074
3 -0781  .22696 1.000
4ve5s -8319° 22201 .001
3 1 -5302  .24487 .186
2 0781  .22696 1.000
4ve5 -7538° 22510 .005
4ve5 1 2236 .24029 1.000
2 83197 22201 .001
3 .7538° 22510 .005
EXINFLOGt  Scheffe 1 2 1.1301° .26282 .000
3 7119 26590 .068
4ve5s -1803 .26093 .924
2 1 -1.1301°  .26282  .000
3 -4183 24645 411
4ve5s -1.3104° 24107  .000
3 1 -7119 26590 .068
2 4183 24645 411
4ve5s -8921° 24442 004
4ve5 1 1803  .26093  .924
2 1.3104°  .24107 .000
3 89217 24442 004
Bonferroni 1 2 1.1301° .26282 .000
3 71197 26590 .046
4ve5s -1803  .26093 1.000
2 1 -1.1301° .26282  .000
3 -4183 24645 542
4ve5 -1.3104° 24107 .000
3 1 -71197 26590 .046
2 4183 24645 542
4ve5 -8921° 24442 002
4ve5 1 1803  .26093 1.000
2 1.3104°  .24107 .000
3 8921° 24442 002
* p<0.025
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The interaction between region and grade level was found to be
significant with respect to the dependent variables EXPEXTCMt (express,
extract and compute) and EXINFLOGt (express, infer logically) (see figures 18
and 19 below).

According to the Figure 22, in the overall sense, for both dependent
variables, students from Ankara region outscored students from Northern Cyprus
region. For the variable EXPEXCMLt( express, extract, compute) second year
students from Ankara tend to score higher than the first years students from
Ankara region whereas, second year students score lower than the first year
students from the Northern Cyprus region. In addition, third year students of
Ankara tend to score slightly lower than the second year students of Ankara
region while third year students from Northern Cyprus scored remarkably higher
than the second year students of Northern Cyprus. The score of the fouth and
fifth year students is slightly lower than the third year students of Ankara
whereas fourth and fifth year students tend to score noticeably higher than the
third year students from Northern Cyprus region.

According to the Figure 23, in the general sense for the dependent
variable EXINFLOGt (express, infer logically) students from Ankara region
scored higher than the students from Northern Cyprus region at all grade levels.
However, there is no significant interaction between students’ scores from
Ankara and Northern Cyprus among the grade levels 3 and 4&5. Second year
students of Ankara scored slighlty higher than the first year students of Ankara
whereas second year students scored remarkably lower than the first year
students at Northern Cyprus. Second year students from Ankara region scored
slightly higher than third year students of Ankara region whereas, third year
students from Northern Cyprus region scored markedly higher than second year
students of Northern Cyprus. Although fourth and fifth year students for both
regions scored higher than the third year students there exists no interaction
between the grade level and region as it could be observed from the parallel lines

of the graph in the Figure 23.
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Table 69 Descriptives with respect to Region*Grade Level for EXPEXTCMt

Region Grade Mean Std. N
Level Deviation
Students from Ankara 1 6.2029 1.79525 69
2 6.6731 1.33902 52
3 6.5778 151491 45
4&5 6.5238 151186 63
Total 6.4716 1.56870 229
Students from Northern Cyprus 1 4.4706 2.21127 17
2 4.0794 147344 63
3 4.4531 2.13757 64
4&5 5.5893 1.70322 56
Total 4.6550 1.91948 200
Total 1 5.8605 1.99507 86
2 5.2522 1.91414 115
3 5.3303 2.16904 109
4&5 6.0840 1.66509 119
Total 5.6247 1.96141 429

Table 70 Descriptives with respect to Region*Grade Level for EXINFLOGt

Region Grade Mean Std. N
Level Deviation
Students from Ankara 1 5.1739 1.78191 69
2 5.3846 2.07840 52
3 5.2000 1.85374 45
4&5 5.8254 2.09099 63
Total 5.4061 1.95927 229
Students from Northern Cyprus 1 3.7647 1.60193 17
2 2.4286 1.64331 63
3 3.4687 1.63269 64
4&5 4.2321 1.88767 56
Total 3.3800 1.83916 200
Total 1 4.8953 1.82808 86
2 3.7652 2.36321 115
3 4.1835 1.92048 109
4&5 5.0756 2.14381 119
Total 4.4615 2.15444 429
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Estimated Marginal Means of EXPEXTCMt (express, extract and compute)

Estimated Marginal Means
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Figure 22 Region*Grade Level with respect to EXPEXTCMt

Estimated Marginal Means of EXINFLOGt (express, infer logically)
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Figure 23 Region*Grade Level with respect to EXINFLOGt

108



4.14 Region, Gender and Grade Level Differences on the Total Test

Three-way univariate Analysis of Variance (ANOVA) was employed in
order to investigate research questions 7.1 through 7.4 and corresponding
hypotheses.The independent variables are region, grade level and gender, and the
dependent variable is the total test score of the students where 18 observed
variables were all added up together to obtain the total score. The descriptive
statistics of minimum, maximum, mean, standandard deviation, skewness and
kurtosis of the dependent variables with respect to the levels of independent

variables were shown below at the Tables 71, 72 and 73:

Table 71 Descriptive Statistics with respect to Region

Students from Ankara
N M STD SK KR
Testscore 231 11.86 3.03 -0.52 0.22
Students from Northern Cyprus
Testscore 200 8.03 3.02 0.16 -0.50
All Students
Testscore 431 10.08 3.58 -0.14 -0.66

Table 72 Descriptive Statistics with respect to Grade Level

Grade Level 1

N M STD SK KR

Testscore 86 10.76 3.30 -0.28 -0.56
Grade Level 2

Testscore 115 9.02 366 0.17 -0.84
Grade Level 3

Testscore 109 951 348 -0.08 -0.41
Grade Levels 4&5

Testscore 119 11.16 3.41 -0.36 -0.25
All Grade Levels

Testscore 431 10.08 3.58 -0.14 -0.66
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Table 73 Descriptive Statistics with respect to Gender

Female

N M STD SK KR

Testscore 281 9.79 353 0.01 -0.58
Male

Testscore 148 10.68 3.59 -0.43 -0.54
All

Testscore 431 10.08 3.58 -0.14 -0.66

From the Tables 71, 72, and 73, skewness and kurtosis values are within
the acceptable range of £1. In addition, the histograms with normal curves were

illustrated in the Figures 24, 25 and 26 below:

Ankara Northern Cyprus All

nnnnnnn

NNNNN

Total_test_score | Jﬂfmk ﬂﬂhﬂm mm

1 2 3 4-5 All

nnnnnnnnnnnnn

mmmmmmmmmmmmmmmmmmmmmmmm

Total_test score | ﬁ%ﬂﬁﬁ% mm

Figure 26 Histograms with respect to Gender

It was assumed that there exist no correlated observations between
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subjects. For the univariate normality assumption, histograms with normal curve
and skewness and kurtosis were inspected. Since there are more than 30 subjects
for each cell conducting three-way ANOVA analysis is robust (Pallant, 2007, p.
286). For the equality of the error variances assumption is satisfied from

Levene’s test for the dependent variable.

Table 74 Levene's Equality of Error Variances

Levene's Test of Equality of Error Variances®
F dfl df2 Sig.
Total_test_score 1,043 15 411 0.409

Three-way ANOVA was conducted to test the null hypothesis regarding
research questions 7.1 through 7.4 at both significance of level of 0.05. The Tests

of Between-Subjects Effects results are shown in the Table 75:

Table 75 Tests of Between-Subject Effects

Type Il Partial
Source Sum of df Mean Sig. Eta Observ%d
Square Power
Squares Squared
Region 1028.058 1 1028.058 128.640 0.000* 0.238 1.000
Gender 108.970 1 108.970 13.635 0.000* 0.032 0.958
GradelLevel 241.758 3 80.586 10.084 0.000* 0.069 0.998
H *
Region 71202 1 71202 8909 0.003* 0021  0.846
Gender
Region *
GradeLevel 159879 3 53.293 6.669 0.000* 0.046 0.974
*
Gender 95914 3  31.971 4001 0.008* 0028  0.836
GradelLevel
Region *
Gender * 67.530 3 22.510 2.817 0.039* 0.020 0.676
GradelLevel
Error 3284599 411 7.992
*p<0.05

From the Table 75 above, three-way ANOVA vyielded significant results
for all main and interaction effects with respect to region, gender and grade level
at the level of significance 0.05.The main effects, F (1,411) =128.640, p=0.000,

5n?=0.238 for region, F (1,411) =13.635, p=0.000, 712:0.032) for gender and F
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(3,411) =10.084, p=0.000, #°=0.069) for grade level. The effect sizes vary from
small to large (23.8% for region, 3.2% for gender and 6.9% for grade level).

Furthermore, the interaction between region and gender was found to be
statistically significant; F (1, 411) =8.909, p=0.003, #°=0.021). The partial eta-
squared 5 has small effect size (2.1%) for region by gender interaction. In
addition, the interaction between region and grade level was also found to be
statistically significant; F (3, 411) =6.669, p=0.000, #°=0.046). The partial eta-
squared 7> has small effect size (4.6%) for the region by grade level interaction.
Besides, the interaction between gender and grade level was found to be
statistically significant; F (3, 411) =4.001, p=0.008, #°=0.028). The partial eta-
squared 5 has again small effect size (2.8%) for the gender by grade level
interaction. Moreover, the triple interaction among region*gender*grade level
was found to be statistically significant as well; F (3, 411) =2.817, p=0.039,
n?=0.020). The partial eta-squared #° is again small (2%) for region
*gender*grade level interaction.

In order to detect significantly different groups pairwise and multiple
comparisons, post hoc analyses and profile plots were considered.

From the inspection of pairwise comparisons and mean scores among
students it was found out that students from Ankara region (M=11.86, SD= 3.03)
exhibited significantly higher scores than students from Northern Cyprus region
(M=8.38, SD= 3.02). In addition, male students (M=10.68, SD= 3.59) obtained
significantly higher scores than the female students (M=9.79, SD= 3.53) on the
total test score of mathematical thinking and competency.

Furthermore, there exists also statistically significant main effect for
grade level. From the Table 76, fourth and fifth (4&5) year students (M=11.16,
SD= 3.41) scored significantly higher than the first (M=10.76, SD= 3.30),
second (M=9.02, SD= 3.66) and third (M=9.51, SD= 3.48) year students on the

total test score.
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Table 76 Pairwise Comparisons with respect to Total Test Score

(1) Region (J) Region Mean Difference  Std. Sig.*
(1-J) Error

Students from Students from Northern 3.597 0.317 0.000*

Ankara Cyprus

Students from  Students from Northern -3.597°  0.317 0.000*

Ankara Cyprus

() Gender

Female Male -1.171°  0.317 0.000*

Male Female 11717 0.317 0.000*

() Grade (J) Grade Level

Level

1 2 0.717 0.476 0.796
3 0.000 0.491 1.000
485 -1.453"  0.485 0.017*

2 1 -0.717 0.476 0.796
3 -0.718 0.409 0.479
4&5 -2.170°  0.401 0.000*

3 1 0.001 0.491 1.000
2 0.718 0.409 0.479
4&5 -1.452" 0.419 0.004*

4&5 1 1.453°  0.485 0.017*
2 2.170°  0.401 0.000*
3 1.452°  0.419 0.004*

* p<0.05

For the independent variable grade level, multiple comparisons from the

post hoc tests were taken into account since it has more than three categories.

From the Table 77, by using the Bonferroni adjustment, it was revealed that
fourth and fifth year students (M=11.16, SD= 3.41) have reported significantly

higher scores than second year students (M=9.02, SD= 3.66) and than third year
students (M=9.51, SD= 3.48). In addition, it was found out that first year

students (M=10.76, SD= 3.30) have higher scores than second year students
(M=9.02, SD=3.66) and than third year students (M=9.51, SD=3.48) on the total

test score.
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Table 77 Multiple Comparisons across Grade Level

(I) Grade Level (J) Grade Level MeanDiff.(1-J) Std. Error  Sig.
Scheffe 1 2 1.7384"  0.40301 0.000
3 1.2044"  0.40941 0.036
4&5 -0.4038  0.40011 0.797
2 1 -1.7384°  0.40301 0.000
3 -0.5340 0.37971 0.578
4&5 -2.1423"  0.36966 0.000
3 1 -1.2044°  0.40941 0.036
2 0.5340 0.37971 0.578
4&5 -1.6083°  0.37662 0.000
4&5 1 0.4038  0.40011 0.797
2 2.1423"°  0.36966 0.000
3 1.6083°  0.37662 0.000
Bonferroni 1 2 1.7384 0.40301 0.000
3 1.2044"  0.40941 0.021
4&5 -0.4038  0.40011 1.000
2 1 -1.7384°  0.40301 0.000
3 -0.5340  0.37971 0.962
4&5 -2.1423°  0.36966 0.000
3 1 -1.2044°  0.40941 0.021
2 0.5340  0.37971 0.962
4&5 -1.6083"  0.37662 0.000
4&5 1 0.4038  0.40011 1.000
2 2.1423°  0.36966 0.000
3 1.6083°  0.37662 0.000
*p<0.05
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The Table 78 below represents subsequent descriptive statistics for the

interaction between region, gender and grade level regarding the total test score.

Table 78 Descriptives of Region*Gender*Grade Level on the Total Test

Region Gender  Grade Mean Std. Deviation N
Level
Students from Ankara Female 1 10.9130 2.96518 46
2 12.3939 2.79441 33
3 11.4375 2.85044 32
485 12.7187 2.79671 32
Total 11.7762 2.92974 143
Male 1 12.3043 2.85139 23
2 11.4737 2.50263 19
3 12.6154 3.17644 13
485 11.9677 3.83392 31
Total 12.0465 3.19156 86
Total 1 11.3768 2.98083 69
2 12.0577 2.70376 52
3 11.7778 2.96103 45
485 12.3492 3.34162 63
Total 11.8777 3.02662 229
Students from Female 1 5.8889 257121 9
Northern Cyprus 2 6.2439 2.13050 41
3 7.8810 2.66140 42
485 9.2727 2.87219 44
Total 7.7059 2.86257 136
Male 1 10.8750 2.03101 8
2 7.0000 2.07020 22
3 8.0500 3.36350 20
485 11.8333 2.65718 12
Total 8.7742 3.23617 62
Total 1 8.2353 3.41924 17
2 6.5079 2.12415 63
3 7.9355 2.87938 62
485 9.8214 2.99762 56
Total 8.0404 3.01744 198
Total Female 1 10.0909 3.43874 55
2 8.9865 3.92216 74
3 9.4189 3.25200 74
485 10.7237 3.30090 76
Total 9.7921 3.53805 279
Male 1 11.9355 2.70722 31
2 9.0732 3.18897 41
3 9.8485 3.95381 33
485 11.9302 3.51456 43
Total 10.6757 3.58610 148
Total 1 10.7558 3.30040 86
2 9.0174 3.66343 115
3 9.5514 3.47018 107
485 11.1597 3.41478 119
Total 10.0984 3.57543 427
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The interaction between region*gender was found to be statistically
significant (see Table 75). The Figure 27 and the Table 75 indicated significant
region by gender interaction. Mean scores of male students at Ankara are higher
than the male student in Northern Cyprus region. For the students from Ankara
region, male students slightly surpass female students however, in Northern
Cyprus region the difference in mean scores among male and female students are
greater as compared to the students of Ankara region yet still male students
outscored female students. Nevertheless, the prevalence of male students’ scores

over female students is a valid trend for both regions.

Table 79 Mean and Std. Error Region*Gender

Region Gender Mean Std.
Error

Students from Female 11.866 0.239

Ankara Male 12.090 0.320

Students from Female 7.322 0.302

Northern Cyprus Male 9.440 0.390

total_test_score

13,00 Region

. Morthern Cyprus

12,00 P

11,00

10,00

9,00

Estimated Marginal Means

8,00

7,004

T T
Female Male

Gender

Figure 27 Region*Gender with respect to total test score

The interaction between region*grade level was also found to be
statistically significant (see Table 75). From the table 75 and figure 28 below, it
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could be concluded that there exists significant interaction among region and
grade level. Explicitly, at all grade levels students from Ankara region scored
higher than the students from Northern Cyprus region. From the multiple
comparisons Table 80, first year students of Northern Cyprus region scored
significantly higher than the second and third year students of Northern Cyprus.
In addition, fourth and fifth year students of Northern Cyprus obtained better
scores than the second and third year students of Northern Cyprus students.
Although the mean differences are not as evident as the scores of the students in
Northern Cyprus region, this trend is also valid for the students of Ankara region.
There mean scores are increasing slightly for the students of Ankara region as
the grade level increases.
Table 80 Mean and Std. Error Region*Grade Level

Region Grade Level Mean Std. Er.
Students from Ankara 1 11609 0.361
2 11.934  0.407
3 12.026  0.465
485 12.343  0.356
Students from Northern Cyprus 1 8.382  0.687
2 6.622  0.374
3 7.965 0.384
4&5 10.553  0.460

Total_test_score

Region

[~ Students from Ankara

| Students from Northern
12,00 Cyprus

10,00

8,00

Estimated Marginal Means

6,00

T T T T
1 2 3 4ves

Grade Level
Figure 28 Region*Grade Level with respect to total test score
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The interaction between gender*grade level was also found to be
statistically significant (see Table 75). From the Table 75 and Fgure 29 below,
there exists significant interaction among gender and grade level. Except for the
second year students, at all grade levels male students have outscored female
students on the whole. First year male students scored better than the second year
male students whereas, second year female students scored higher grades than
first year students. In addition, third and fourth-fifth year male students scored
better than second year male students. This is also valid for female students and

additionally than the first year female students.

Table 81 Mean and Std. Error Gender*Grade Level

Gender Grade Level Mean Std. Error

1 8.401 0.515
Female 2 9.319 0.331
3 9.659 0.332
4&5 10.996 0.328
1 11.590 0.580
Male 2 9.237 0.443
3 10.333 0.504
4&5 11.901 0.481
Total_test_score
12,004 Gender

— Female
— Male

11,007

10,00

Estimated Marginal Means

B

8,007

Grade Level

Figure 29 Gender * Grade Level with respect to total test score
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Moreover, triple interaction among region*gender*grade level was also
found to be statistically significant (see Table 75 above). From the table 75 and
the Figures 30, 31, 32 and 33 the interaction among region, gender and grade
level could be concluded. From the Figure 30 at Ankara region, first and third
year male students scored higher on the total test than first and third female
students while second and fourth&fifth year female students have higher scores
than second and fourth&fifth male students. First year male students have
obtained better scores than second year male students whereas this is reverse for
female students.Third year male students scored better than second year male
students on the other hand, this is reverse for female students. Lastly, fourth and
fifth year male students scored less than third year male students conversely;
again there exists a reverse trend for female students.

From the Figure 31 at Northern Cyprus region, except for the third year
students, in the overall sense, male students have obtained higher scores than
females. As the grade level increases female students score higher on the total
test. However, first year male students scored better than second year male

students and the rest of the grade levels the trend is same for the male students.

Table 82 Mean and Std. Error Region*Gender*Grade Level

Region Gender Grade  Mean Std.
Level Error
Students from Female 1 10.913 0.417
Ankara 2 12.394 0.492
3 11.438 0.500
4&5 12.719 0.500
Male 1 12.304 0.589
2 11.474 0.649
3 12.615 0.784
485 11.968 0.508
Students from Female 1 5.889 0.942
Northern Cyprus 2 6.244 0.441
3 7.881 0.436
485 9.273 0.426
Male 1 10.875 0.999
2 7.000 0.603
3 8.050 0.632

4&5 11.833 0.816
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Figure 31 Region*Gender*GradeLevel (=2)
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Figure 33 Region*Gender*GradeLevel (=4)

4.15 Summary of the Findings

Regarding the research question 1, “What are the affective factors perceived
by university students’ and prospective teachers’ in terms of approaches to

studying, self-efficacy and problem solving strategies?” and the research
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question 2,”What are the main factors related to university students’ and
prospective teachers’ mathematical thinking and reasoning competency?”
separate exploratory factor analyses (EFA) were employed to identify factor
structures of the survey and the test. Findings revealed that, the survey comprise
of five dimensions namely; ‘meaning orientation’ (MEANORT!1), ‘mathematics
self-efficacy (MSEFFICi)’, ‘motivation (MOTi)’, ‘disorganized study methods
(DISORSTDi)’ and ‘surface approach (SURAPPi)’ that were measured by 33
observed variables and has a Cronbach’s alpha (o) reliability of 0.871.
Additionally, the test initially revealed 4 factors one of which is named as
‘Express, extract and compute (EXPEXTCM)’ that has an acceptable reliability
above 0.60. However, due to high correlations among the other three identified
factors and their low reliabilities, these three factors were combined to form a
single factor named as ‘Express, infer logically’ (EXINFLOG). The Cronbach’s
alpha (o) reliability of the test with 18 observed variables is 0.762. Afterwards,
confirmatory factor analyses (CFA) were conducted later to test the initially
identified model fit for the survey and the test separately. Results revealed that,
initial survey model of 5 latent variables indicated adequate fit to the data.
Additionally, 2-factor model for the test exhibited best fit to the data.

In order to answer the research question 3.1 “What linear structural model
explains affective factors that are related to students’ competency in
mathematical thinking and reasoning?” and the research question 3.2 “What
linear structural model explains the interrelationships between affective factors
and competency in mathematical thinking and reasoning among
students “structural equation modeling techniques were conducted. In total, three
main structural models were tested to determine among which of these models
indicate the best fit to the data with respect to the relevant literature. The direct
and total effects of the standardized path coefficients for all tested models were
presented in the Table 85 below.

For the first tested model (survey-test) five subdimensions of the survey were
included as latent independent variables and two aforesaid dimensions of the test

were included as latent dependent variables. In addition, a path was defined from
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EXPEXTCM to EXINFLOG (B=0.77, p<0.05) based on the program
suggestions and the literature. It was found out that the variable MSEFFIC has a
significant positive direct and total effect on the latent dependent variable
EXINFLOG (I'=0.23, p<0.05) and has significant positive direct effect on the
latent dependent variables EXPEXTCMP (I'=0.21, p<0.05) and the variable
MSEFFIC also has a significant positive direct and total effect on EXPEXTCMP
(I'=0.21, p<0.05). In addition, the latent independent variable MOT has a direct
(I'=-0.32, p<0.05) and total (I'=-0.32, p<0.05) negative significant effect on
EXPEXTCMP.

For the second model (survey-testt) five subdimensions of the survey
were included as latent independent variables as in the previous model however
this time the observed variables for each factor of the test were added together
for the purpose of reducing the number of observed variables that were included
in the model testing. In addition, a path from EXPETCM to EXINLOG (B=0.54,
p<0.05) and another path from observed variable DOSt1Q33 to the latent
variable SURAPP were added and with respect to the modification suggestions.
It was found out that the independent variable MEANORT has a significant
positive indirect effect on the dependent variable EXINLOG (I'=0.104, p<0.05)
and has a direct and total positive significant effect on the dependent variables
EXPETCM (I'=0.19, p<0.05). The variables MSEFFIC has a significant positive
total effect on the variable EXINLOG (I'=0.20, p<0.05). Additionally, the
variable MOT has a significant negative indirect effect on the variable
EXINLOG (I'=-0.155, p<0.05) and it also has a significant negative direct and
total effects on the dependent latent variable EXPETCM (I'=-0.28, p<0.05).
Furthermore, the latent independent variable DISORSD has a significant positive
direct and total effects on the variable EXPETCM (I'=0.14, p<0.05).

For the thirth model (surveyi-test), index scores of the five latent variables
from the survey were included as latent independent variables and the two
aforesaid dimensions of the test were included as latent dependent variables. In
addition, a path from EXPEXTCM to EXINFLOG (B=0.78, p<0.05) was added

based on the suggested program modification indices, high correlations and
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relevant literature. It was revealed that, there are significant positive direct
(l'=0.14, p<0.05) and total (I'=0.22, p<0.05) effects of SURAPPi on
EXINFLOG. In addition, there exist positive indirect (I'=0.13, p<0.05) and total
(I'=0.19, p<0.05) effects of MSEFFICi on EXINFLOG and also there exist
negative indirect (I'=-0.19, p<0.05) and total (I'=-0.17, p<0.05) effects of MOTi
on EXINFLOG. Furthermore, there exist also direct positive and total (I'=0.17,
p<0.05) effects of MSEFFICi on EXPEXTCM and negative direct (I'=-0.25,
p<0.05) and total effects MOTi on EXPEXTCM.

Regarding the research question 4, Do similar structural relationships related
to approaches to studying, self-efficacy and problem solving strategies and
competency in mathematical thinking and reasoning hold across students from two
regions namely; Ankara and Northern Cyprus?” among three previously tested
structural models tested, the third structural model (surveyi-test) that yielded best
fit indices to the entire data were considered as satisfactory for validating this
model across two regions (Ankara and Northern Cyprus). In order to validate
whether the surveyi-test model holds for two regions, covariance matrices
obtained for Ankara (N=231) and Northern Cyprus (N=200) samples separately
and the model was tested for each region respectively. The model yielded
adequate fit to the data for both regions. For Northern Cyprus sample, however
there exist no statistically significant path coefficients of the model. On the other
hand, for Ankara sample, there are direct and total positive effects of SURAPPI
on EXINFLOG. There are positive direct and total effects of MSEFFICi and
there is negative effect of MOTi on EXPEXTCM. In addition, there exists
negative indirect effect of MOTi and positive total effect of SURAPPi on
EXINFLOG. There exist positive total effect of MSEFFIC, and negative total
effect of MOTi on EXPEXTCM. Furthermore, there exists

For both regions, there are positive direct and total effects of SURAPPi on
EXINFLOG. In addition, there exist positive indirect and total effects of
MSEFFICi on EXINFLOG and negative indirect and total effects of MOTi on
EXINFLOG. There exist also direct positive and total effects of MSEFFICi on
EXPEXTCM and negative direct and total effects MOTi on EXPEXTCM.
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For the purpose of answering the main research question 5,”What are the
differences among factors attributed to approaches to studying, self-efficacy and
problem solving strategies with respect to the gender, grade level” with respect to
the sub-research question 5.1 “What are the differences among these factors with
respect to university students and prospective teachers at Turkey and at Northern
Cyprus regarding gender?” , the question 5.2 “What are the differences among
these factors across university students and prospective teachers regarding grade
level?” and the question 5.3 “Are there any significant differences among these
factors with respect to gender and grade level across university students and
prospective teachers?” two-way multivariate analysis of variance (MANOVA)
was employed where gender and grade level are included as independent
variables and five index scores of the survey that are; ‘meaning orientation’
(MEANORT!1), ‘mathematics self-efficacy (MSEFFICi)’, ‘motivation (MOTi)’,
‘disorganized study methods (DISORSDi)’, ‘surface approach (SURAPPi)’ are
included as dependent variables in the analysis.

Significant differences among dependent variables were found with respect
to gender and grade level at the alpha (o) significance level of 0.05. On the other
hand, there exists no significant interaction among gender and grade level on the
set of composite factors. From followup analyses, it was revealed that female
students (M=0.10, SD= 0.93) reported notably higher scores in the meaning
orientation dimension than male students (M= -0.18, SD= 1.08). Furthermore,
third year students (M=0.17, SD=0.97) have been using disorganized study
methods more often than second year students (M= -0.34 SD=0.97). Besides,
fourth and fifth year students (M=0.18, SD=1.03) have reported that they use
disorganized study methods more frequently than second year students (M= -
0.34, SD=0.97).

Moreover, another two-way Multivariate Analysis of Variance (MANOVA)
was performed in order to investigate research question 6.1, ” What are the
differences among these factors across university students and prospective teachers
at Ankara and at Northern Cyprus?”, the question 6.2, “What are the differences

among these factors across university students and prospective teachers regarding
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grade level?” and the research question 6.3, “Are there any significant differences
among these factors with respect to region and grade level across university
students and prospective teachers?”. The independent variables are region and
grade level, and the dependent variables as EXPEXTCMt (express, extract and
compute) and EXINFLOGt (express, infer logically) where observed variables
comprising each factor were added together to create a total score for each
dimension of the test.

Significant differences were found among dependent variables with
respect to region and grade level separately at the alpha (o)) level of significance
0.05. Furthermore, the interaction between region and grade level were also
found to be significant on these composite set of factors. There exist statistically
significant mean differences among the dependent variables EXPEXTCMt
(express, extract and compute) and EXINFLOGt (express, infer logically) with
respect to grade level, region and region*grade level interaction respectively.

From the inspection of mean scores among students it was found out that
for EXPEXTCMLt (express, extract and compute) students from Ankara region
(M=6.46, SD= 1.57) have higher scores than students from Northern Cyprus
region (M=4.66, SD= 1.92) and also for the dependent variable EXINFLOGt
(express, infer logically) students from Ankara region (M=5.39, SD= 1.96) have
obtained higher scores than students from Northern Cyprus region (M=3.38,
SD= 1.84). For the grade level, it was revealed that for the dependent variable
EXPEXTCMt (express, extract and compute) fourth and fifth grade level
students (M=6.08, SD= 1.67) have reported significantly higher scores than the
second grade students (M=5.25, SD= 1.91) and than the third year students
(M=5.33, SD= 2.17). In addition, it is was found out that for the variable
EXINFLOGt (express, infer logically), first year students (M=4.90, SD= 1.83)
have higher scores than second year students (M=3.77, SD=2.36) and; fourth
and fifth year students (M=5.08, SD=2.14) have acquired significantly higher
scores than second year students (M=3.77, SD=2.36) and also than third year
students (M=4.18, SD=1.92).

For the significant interaction between region and grade level with
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respect to the both dependent variables EXPEXTCMt (express, extract and
compute) and EXINFLOGt (express, infer logically), students from Ankara
region scored higher than the students from Northern Cyprus region. For the
variable EXPEXCMt (  express, extract, compute) second year students from
Ankara tend to score higher than the first years students from Ankara region
whereas, second year students score lower than the first year students from the
Northern Cyprus region. In addition, third year students of Ankararegion tend to
score slightly lower than the second year students of Ankara region while third
year students from Northern Cyprus scored remarkably higher than the second
year students of Northern Cyprus. The score of the fouth and fifth year students
is slightly lower than the third year students of Ankara whereas fourth and fifth
year students tend to score noticeably higher than the third year students from
Northern Cyprus region.

For the dependent variable EXINFLOGt (express, infer logically)
students from Ankara region scored higher than the students from Northern
Cyprus region at all grade levels. However, there is no significant interaction
between students’ scores from Ankara and Northern Cyprus among the grade
levels 3 and 4-5. Second year students of Ankara scored slighlty higher than the
first year students of Ankara whereas second year students scored remarkably
lower than the first year students at Northern Cyprus. Second year students from
Ankara region scored slightly higher than third year students of Ankara region
whereas, third year students from Northern Cyprus region scored markedly
higher than second year students of Northern Cyprus. Although fourth and fifth
year students for both regions scored higher than the third year students there
exists no interaction between the grade level and region.

Three-way univariate Analysis of Variance (ANOVA) was employed in
order to investigate research questions 7.1” What are the differences across
university students and prospective teachers at Ankara and at Northern Cyprus on
the total test in competency in mathematical thinking and reasoning? ”, the question
7.2, “What are the differences across university students and prospective teachers

on the total test regarding grade level?”, the research question 7.3, “What are the
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differences across university students and prospective teachers regarding gender?”
and the research question 7.4, “Are there any significant differences across the
total test with respect to region, grade level and gender across university students
and prospective teachers?”. The independent variables are region, grade level and
gender, and the dependent variable is the total test score of the students where 18
observed variables were all added up together to obtain the total score. Three-
way ANOVA vyielded significant results for all main and interaction effects with
respect to region, gender and grade level.

It was found out that students from Ankara region (M=11.86, SD= 3.03)
exhibited significantly higher scores than students from Northern Cyprus region
(M=8.38, SD= 3.02). In addition, male students (M=10.68, SD= 3.59) obtained
significantly higher scores than the female students (M=9.79, SD= 3.53) on the
total test score of mathematical thinking and competency. Furthermore, there
exists also statistically significant main effect for grade level. Besides, fourth and
fifth year students (M=11.16, SD= 3.41) scored significantly higher than the first
(M=10.76, SD= 3.30), second (M=9.02, SD= 3.66) and third (M=9.51, SD=
3.48) year students on the total test score. It was additionally revealed that fourth
and fifth year students (M=11.16, SD= 3.41) have reported significantly higher
scores than second year students (M=9.02, SD= 3.66) and than third year
students (M=9.51, SD= 3.48). In addition, it was found out that first year
students (M=10.76, SD= 3.30) have higher scores than second year students
(M=9.02, SD=3.66) and than third year students (M=9.51, SD=3.48) on the total
test.

The interaction between region*gender was found to be statistically
significant. Mean scores of male students at Ankara are higher than the male
student in Northern Cyprus region. For the students from Ankara region, male
students’ scores are slightly higher than female students however, in Northern
Cyprus region the difference in mean scores among male and female students are
greater as compared to the students of Ankara region yet still male students
outscored female students. Nevertheless, the prevalence of male students’ scores

over female students is a valid trend for both regions.
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The interaction between region*grade level was also found to be
statistically significant. Explicitly, at all grade levels students from Ankara
region scored higher than the students from Northern Cyprus region. From the
multiple comparisons table 67, first year students of Northern Cyprus region
scored significantly higher than the second and third year students of Northern
Cyprus. In addition, fourth and fifth year students of Northern Cyprus obtained
better scores than the second and third year students of Northern Cyprus
students. Although the mean differences are not as evident as the scores of the
students in Northern Cyprus region, this trend is also valid for the students of
Ankara region. There mean scores are increasing slightly for the students of
Ankara region as the gradelevel increases.

The interaction between gender*grade level was also found to be
statistically significant Except for the second year students, at all grade levels
male students have outscored female students on the whole. First year male
students scored better than the second year male students whereas, second year
female students scored higher grades than first year students. In addition, third
and fourth-fifth year male students scored better than second year male students.
This is also valid for female students and additionally than the first year female
students.

Moreover, triple interaction among region*gender*grade level was also
found to be statistically significant. Among the first year students, students from
Ankara region surpass students from Northern Cyprus Region. Inadditon, males
performed better than females for both regions. Interaction comes from the
notable difference in the mean scores of male students than female students in
Northern Cyprus area whereas there is much narrower difference among mean
scores of males and females from Ankara region. Among the second year
students form both regions, although the trend of prevelance of males over
females is same, females outperformed male students at Ankara while males
performed slightly better than females at Northern Cyprus region. For the third
year students, the trend favoring Ankara region is same however, there exists

almost no difference in the scores between female and male students in Northern
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Cyprus but again males surpass females at Ankara region. Lastly and most
distinctly, fourth and fifth year students performed better yet the score of the
male students for both regions are equal. The interaction is apparent due to male
students’ remarkably high scores over females in Northern Cyprus whereas

females outscored males in Ankara region.
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CHAPTER 5

DISCUSSION, CONCLUSION AND IMPLICATIONS

This discussion, conclusion of the outcomes of the study, potential
educational implications, limitations and suggestions for further research were

presented in this chapter.

5.1 Discussion of the Results

In the present study, analyses pertaining to the first three research questions
basically focused on exploring the affective factors namely approaches to
studying, self-efficacy and problem solving strategies, that are perceived by
university students (mathematics and secondary mathematics education) and
prospective teachers’(early childhood, elementary and classroom teacher
education) and to study the interrelationships among these variables and the
mathematical thinking and reasoning competency.

In this respect, relevant items from Approaches to Studying Inventory(ASI)
from Ramsden and Entwistle (1981) was adopted into Turkish as it was
formerly used by Hei (1999) in her doctoral research on Taiwanese and Turkish
university students too. In addition, the test on mathematical thinking and
reasoning competency was developed by the researcher and was administered to
the same sample of 431 students and prospective teachers.

In the original study of Entwistle and Ramsden, the ASI consists of 64 items
with five factors with 16 subdimensions. In this study, from the Approaches to
Studying Inventory only these dimensions as meaning oritentation (deep
approach, relating ideas, use of evidence and intrinsic motivation
subdimensions), reproducing orientation (surface approach, syllabus-boundness,
fear of failure), strategic orientation (extrinsic and achievement motivations) and

non-academic motivation(disorganized study methods) as well as mathematics
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self-efficacy, student home-family background characteristics and problem
solving strategies dimensions were included. Yet, the study revealed five main
remarkable factors explicitly; meaning orientation (with the exclusion of intrinsic
motivation), mathematics self-efficacy, motivation (the combination of intrinsic,
achievement and extrinsic motivation), disorganized study methods and surface
approach. Besides, the test on mathematical thinking and reasoning competency
that consisted of 26 items in total revealed two main dimensions as “express,
extract and compute” that were related to more fundamental mathematical
thinking processes and “express, infer logically” that requires higher order
mathematical thinking and reasoning processes.

Standardized path coefficients with absolute values less than 0.10 are
considered as having a small effect, the values around 0.30 are regarded as
medium and values above 0.50 indicate large effect sizes (Kline, 1998). In
addition, effect sizes are classified as follows in terms of multiple correlation
coefficients (R?); for the values up to 0.01 indicate small, around 0.09 show
medium and for the values above than 0.25 indicate large effect sizes according
to Cohen’s work(1988) (as cited in Kline, 1998).

The three Tables 83, 84 and 85 demonstrate the summary results for all tested
models in this study with respect to the standardized path coefficients and their
ranges, and the effect sizes for each latent dependent variable that were used in

all the models included in this respectively.
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Table 83 Standardized Path Coefficients of All Tested Models

Survey-test
model(N=431)

EXINFLOG

EXPEXTCMP

Direct Indirect Total

Direct Indirect Total

MEANORT -0.18 0.16  -0.02 0.20 - 0.20
MSEFFIC 0.06 017 0.23 0.21 - 0.21
MOT 0.09 -025 -0.16 -0.32 - -0.32
DISORSTD -0.06 011 0.05 0.14 - 0.14
SURAPP 0.09 -0.05 0.05 -0.06 - -0.06
Survey-testt EXINLOG EXPETCM
model(N=431)
MEANORT -0.11  0.104 0.002 0.19 - 0.19
MSEFFIC 0.11 0.084 0.20 0.15 - 0.15
MOT 0.05 -0.155 -0.11 -0.28 - -0.28
DISORSD -0.04 0.079 0.03 0.14 - 0.14
SURAPP 0.05 -0.021 0.03 -0.04 - -0.04
Surveyi-test EXINFLOG EXPEXTCMP
model(N=431)
MEANORTI -0.09 0.06 -0.02 0.08 - 0.08
MSEFFICi 0.06 0.13 0.9 0.17 - 0.17
MOTi 0.02 -0.19 -0.17 -0.25 - -0.25
DISORSDI -0.01 010 0.09 0.13 - 0.13
SURAPPI 0.14 0.07 0.22 0.09 - 0.09
Surveyi-test model EXINFLOG EXPEXTCMP
(Ankara,N=200)
MEANORTI -0.10 -0.02 -0.12 -0.02 - -0.02
MSEFFICi -0.04 018 0.14 0.23 - 0.23
MOTi -0.01  -0.26 -0.27 -0.33 - -0.33
DISORSDI 0.04 0.12  0.16 0.15 - 0.15
SURAPPI 0.27 0.08 0.35 0.10 - 0.10
Surveyi-test model EXINFLOG EXPEXTCMP
(Northern Cyprus,
N=231)
MEANORTI -0.08 0.09 0.01 0.16 - 0.16
MSEFFICi 0.108 0.08 0.18 0.14 - 0.14
MOTi 0.037 -0.08 -0.05 -0.16 - -0.16
DISORSDi 0.004 014 0.14 0.27 - 0.27
SURAPPI 0.19 0.06 0.25 0.11 - 0.11

*: Bold face values indicate significant direct and total effects.
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Table 84 Standardized Path coefficient Ranges for All Tested Models

Tested Models Path Coefficients Range
Min. Max.
Survey-test model(N=431) -0.32 0.23
Survey-testt model(N=431) -0.28 0.20
Surveyi-test model(N=431) -0.25 0.22
Surveyi-test model(Ankara,N=200) -0.33 0.35
Surveyi-test model(NorthernCyprus,N=231) -0.16 0.27

Table 85 Squared Multiple Correlations for All tested Models

Tested Models Squared Multiple
correlations(R?)

EXINFLOG EXPEXTCMP

Survey-test model(N=431) 0.64(0.09) 0.11
Surveyi-test model(N=431) 0.65(0.12) 0.12
Surveyi-test model(Ankara,N=200) 0.72(0.19) 0.16
Surveyi-test model(NorthernCyprus,N=231)  0.35(0.12) 0.17
EXINLOG EXPETCM
Survey-testt model(N=431) 0.32(0.05) 0.09

*: values in the parentheses represent reduced form R%coefficients

The direct and total effects of all the models tested in the present study
were shown in the Table 83. From the Table 84, the significant standardized path
coefficients have small to medium effects on the two latent dependent variables
‘express, extract and compute’ and ‘express, infer logically’. For the first three
models, considering the magnitude, the latent variable motivation has the
strongest yet the negative effect on both latent dependent variables. For the
fourth model though, the surface approach study method has the strongest but
positive effect on the higher order mathematical competency of the participants.

From the Table 85, considering the effect sizes which were denoted by
R?, both latent dependent variables have small to medium effect sizes for all
tested models. Furthermore, for the survey-test model, 5% of the total variance
explained on higher order mathematical thinking skills and the total variance
explained on basic mathematical competency skills was 11%. For the surveyi-

test model, 12% of the total variances explained on fundamental and higher order
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mathematical thinking skills. For the survey-testt model, 5% of the total variance
explained on higher order mathematical thinking skills and the total variance
explained on basic mathematical competency skills was 9%. For the comparison
across regions, it was revealed that for Ankara region, of the surveyi-test model
the total variance explained on the high order mathematical thinking skills is
19% and 16% on the fundamental thinking skills whereas 12% of the total
variance is explained on the higher order thinking skills and 17% of the variance
is explained on the fundamental thinking skills for the Northern Cyprus sample
of the same model tested. Obtaining small to medium effect sizes for this study is
also an expected outcome for most of the educational studies.

Comparison of the path diagrams, direct total effects of the latent
variables on the above constructs yielded various noteworthy outcomes. Firstly,
all the latent independent variables (exogenous) have small to medium effects on
the dependent variables (endogenous) including insignificant standardized path
coefficients.

The comparison of the goodness of fit indices for all tested models was
givenin the Appendix. These indices indicate indicate adequate fit for all the
models to the data.

For the first model, mathematics self-efficacy has small positive total
effect on express, infering logically mathematical thought process and has
moderate positive direct and total effects on the latent dependent variable
express, extract and compute. This finding is in line with the previous studies,
since it was deemed that self-efficacy is among the strong predictor of the
academic performance in mathematics (Mousoulides&Philippou, 2005; Pajares,
1996; Pintrich&DeGroot, 1990; OECD, 2006). On the contrary, the exogenous
variable motivation has the moderate negative direct and total effect only on the
more fundamental mathematical thinking skills i.e. express, extract and compute.
As possible reason for this outcome might be the fact that students and
prospective teachers who participated to this study were deemed to hold high
motivational beliefs regardless of their true mathematical capability. This

surprising result however might also partly result from the characteristics of the
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participants where half of the sample was prospective teachers which they
seemed to hold high motivational beliefs explicitly in terms of intrinsic, extrinsic
and achievement motivation regardless of their true nature of their mathematical
ability.

For the second model, meaning orientation (deep learning approach, use
of evidence, relating ideas) has a positive small indirect effect on higher order
mathematical thinking skills (EXINLOG) and has positive small direct and total
effects on fundamental mathematical thinking skills (EXPETCM). The common
nature of the items that constitute the both fundamental and higher order
mathematical thinking skills require the extraction of meaning from the problem,
linking the piece of information pertaining to the real life situations, using
evidences cautiously and actively relating the new piece of information with the
previously known one in order to proceed through steps of solving these
mathematical problems. These approaches actually represent the meaning
orientation dimension stand-alone with the exclusion of intrinsic motivation
subdimension. What's more, the exogenous variable motivation has a small
negative indirect effect on the higher order mathematical thinking skill and has
negative small to medium direct and total effects on the fundamental
mathematical thinking skill. This finding perhaps could be replicated with larger
sample. Another noteworthy and yet contradictory result is that; disorganized
study methods has small positive direct and total contribution to participants’
fundamental mathematical competency. In other words, students who frequently
display disorganized study methods could solve fundamental mathematical
problems successfully, though; a similar inference could not be deduced for
higher order thinking skills.

For the third model, although low, as expected mathematics self-efficacy
has an indirect positive effect on the higher order mathematical thinking skill and
has small positive direct and total effects on the fundamental mathematical
thinking skill. This finding complies with the existing literature. On the other
hand, supporting the results of the previous findigs of the abovementioned

models, motivation has small negative indirect and total effects on the higher
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order mathematical skills whereas it has small to medium negative direct and
total effects on the fundamental skills. Additionally, the variable surface
approach has a small positive direct and total effect on higher order thinking
skills. This may result from the nature of the items might impose participants to
focus on the ‘signs’ or unrelated parts of the task where the information is simply
memorized and, facts and concepts are associated unreflectively (Ramsden,
1988).

For testing the equality of the factor structure across two regions in
particular, Ankara (N=200) and Northern Cyprus (N=231), firstly the entire
sample (N=431) was splitted into two and the third model yielding adequate fit
indices for the whole data was tested for each region separately. No significant
paths were found to exist in the tested model across the Northern Cyprus sample
(N=231). On the other hand, for Ankara region, mathematics self-efficacy has
positive moderate direct and total effects on the fundamental mathematical
thinking skills and as also emerged for the entire sample model, motivation has
negative moderate indirect and total effects on the higher order thinking skills
and negative moderate direct and total effects on the fundamental thinking skills.
As comply with the entire sample, for Ankara region participants, surface
approach has positive moderate direct and total effects on the higher order
mathematical thinking skills.

In the overall sense, for all the models tested in this study (except for the
Northern Cyprus sample) the motivation dimension which consists of
dominantly intrinsic, an extrinsic and an achievement related motivation items
has been consistently found to have a negative small, significant impact on both
basic and higher order mathematical thinking competency of the students and
prospective teachers. This finding is somehow contradictory and does not
comply with the existing literature. Although the coefficients are significant in
this comparison they do not exhibit strong relationship. A meaningful
explanation for this might be that the participants hold high motivational beliefs
regardless or unaware of their true mathematical competency and reasoning.

Nevertheless, because of the low impact of this particular variable it is not easy

137



to draw any evocative implication from this outcome. Also, the nature of the
items included might be the result of this finding. The items are related more in
the learning for own’s sake as was indicated in Ramsden (1997) rather than goal
oriented.

On the other hand, mathematics self-efficacy and meaning orientation in the
overall scene have significant positive influence on the basic and higher order
mathematical competency of the participants. This findings have laso been
supported by the previous studies where self-efficacy is among the strong
predictor of achievement in mathematics and the student with meaning
orientation approach of studying have high achievement in mathematics. Another
surpising and yet contradictory result is that the surface approach study methods
to some extent positively endorse participants’ higher order mathematical
thinking and reasoning competency skills. Meaning, students who use surface
approach study methods more often, they are able to solve problems that require
logical inference related competency. Another unexpected outcome is that,
despite its low influence disorganized study methods were found to affect
postively the basic mathematical competency of the participants.

Pertaining to gender and grade level related differences across the
dimensions of survey, significant diversity were found to exist with respect to
gender and grade level separately. Though the effect size here is small, female
students seemed to have remarkably higher scores than male students on the
meaning orientation dimension (apart from intrinsic motivation subdimension).
This result conflicts with previous research finding in favor of male students
(Berberoglu & Hei, 2009).However, Berberoglu and Hei’s (2003) work was
apparently different than of the current study in terms of student characteristics
where only mathematics and education based students participated in the present
study whereas students from social sciences, science, engineering and
literature&arts faculties were the main participants which could explain the
inconsistency of the outcome. Another striking finding is that, fourth and fifth
year students have reported to use disorganized study methods more frequently

than second year students. In the same manner, third year students seem to use
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disorganized study methods more often than second year students. It could be
commonly stated that as the grade level advances students tend to use
disorganized study methods more frequently because partly due to the work load
of the courses taken. Further reason for this might be that students tend to shift
their focus from academic to non-academic orientation as they advance in their
university studies. It may also be due to too much homework load. However no
gender by grade level interaction was observed in the present study. The lack of
significant interaction effect does not provide the expected support for the
hypothesis that the two are interrelated in enhancing academic outcomes.

Furthermore, regarding region and grade level differences concering
students’ and prospective teachers’ competency in mathematical thinking and
reasoning herewith measured by two subdimensions i.e. fundamental (express,
extract, compute) and more elaborate (express, infer logically) thought processes,
although the effect sizes were small, significant differences were detected with
respect to grade level and region by grade level interaction.

As for the region by grade level interaction, the students from Ankara region
on the whole obtained higher score on both fundamental and elaborate
matehamtical competency skills than student from Northern Cyprus. One
noteworthy trend is that, in both subdimensions, first year students of Northern
Cyprus region scored better than second year students while the reverse is true
for Ankara region. The difference might be due to the fresh contribution of the
high school mathematics curriculum to the competency of the freshmen students
however, for Ankara region, as students advance from first to second grade their
mathematical thinking skills improve with the help of the mathematics
curriculum of the university. In addition, valid for both dimensions, while
second year students of Ankara region performed slightly better than third year
students of Anakra region the reverse is remarkably true, for students from
Northern Cyprus region. Third year students of Northern Cyprus region seem to
become more experienced and they could be able to articulate their basic and
elaborate mathematical competency skills. In terms of basic skills, fourth and

fifth year students from Ankara region scored slightly lower than the third year
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students whereas in both dimensions fourth and fifth year students scored
remarkably better than third year students of Northern Cyprus region. Only for
elabororate skills fourth and fifth year students from Ankara region scored better
than third year students. There exists almost ignorable positively increasing
difference among the first and the fourth and fifth year students from Ankara
region in terms of basic skills and slight increase in terms of elaborate skills.
However there is a remarkable increment among the first year and last year
students of Northern Cyprus which is also valid for the elaborate skills
dimension. For the Northern Cyprus region, as the grade level advance students
apparently acquire necessary mathematical thinking competency skills. This may
be due to the curriculum followed at the universities and teacher training
academy. Students from Ankara region came from mathematics related
departments and in the literature it was claimed that exposure to mathematics
more than any other disciplines might have a positive impact to acquire adequate
mathematical thinking and reasoning abilities (Inglis & Simpson, 2008). On the
other hand, data collected from Northern Cyprus region was mainly from
prospective teachers of earlychildhood education and classroom teacher
education. By inspecting the curriculum of the academy, it could be argued that
they are exposed less frequently to mathematics courses and henceforth have less
opportunity to encounter with problems that may foster their thinking skills. In
addition, it was stated that prospective teachers tend to avoid taking mathematics
courses and perfom poorly in mathematics tests (Leung, 2001)

Fourth and fifth year students seem to have better scores than second year
students and third year students separately in the fundamental skills dimension.
This was an expected result since it is consistent with the fact that as the grade
level advances students acquire more competencies in mathematical thinking and
reasoning. This result is also valid for the more elaborate dimension however; a
surprising outcome was found that first year students’ elaborate mathematical
thinking competeceny skills are better than the second year students. This result
may be due to the participant characteristics and also high school mathematics

curriculum’s contribution to freshman students’ reasoning and competency when
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dealing with problems requiring the logical inferencing and evaluation of the
conditions should be considered here.

In addition, a significant large effect of region based difference was found to
exist on the both composite subdimensions. It was found out that, students from
Ankara region have remarkably outscored students from Northern Cyprus region
in both fundamental and more elaborate skill dimensions. This might be due to
the student characteristics for each region. For instance, students from Ankara
region are enrolled to competitive public universities whereas students from
Northern Cyprus region come from yet less competing private universities and
teacher training academy. In addition, students from Northern Cyprus region are
mainly prospective teachers whereas students from Ankara region more often
come from mathematics and mathematics education based departments meaning
they frequently demonstrate their mathematical competency and reasoning.

In the overall sense, results concerning the differences attributed to
competency in mathematical thinking and reasoning with respect to region, grade
level and gender region, gender, grade level and all dual and triadic interactions
were found to be significant and the effect size for region is large and for grade
level is moderate and for the rest of the attributes the effect sizes are small.

Consistent with the previous findings of this study, once more students from
Ankara region performed better than students from Northern Cyprus region on
the total test. This result may be due to characteristics of the two samples.
Students from Ankara region might expose to more mathematics courses than
students form Northern Cyprus region based on the department related
differences.

For male students scoring better than female students, Cole (1997)
commented on the gender related differences in standardized tests favoring male
students.

As students advance in their education they tend to be more competent as
compared to their peers at lower grade levels.

Region by gender interaction comes from the mean differences observed in

Northern Cyprus students where females have less mean scores than males while
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in Ankara sample, the mean of the females is almost same with the male
students. This reveals a gap among female and male students of Northern Cyprus
however, in Ankara region the gap is closing.

For region by grade level interaction, although as the grade level advances,
there is a slight positive increase in the scores of the students from Ankara region
on the other hand, there exist while first year students outscored second year
students there exist a remarkable increase in the scores from second to fourth and
fifth grade level students of Northern Cyprus region although their overall
performance is considerably low in comparison to the student of Ankara region.
This may result from the private and public university differences across regions.

Gender by grade level interaction occurs as the grade level advances female
students tend to obtain higher scores whereas this is also true for male students
except first year male students have higher scores than second year male
students. Except for second year, male students tend to score better than female
students. There exist no difference among males and females ath the second year
in terms of mathematical thinking and reasoning competency.

For the triple interaction of region by gender by grade level, Moreover,
triple interaction among region*gender*grade level was also found to be
statistically significant. Among the first year students, students from Ankara
region surpass students from Northern Cyprus Region. Inadditon, males
performed better than females for both regions. Interaction comes from the
notable difference in the scores of male students than female students in
Northern Cyprus area whereas there is much narrower difference among mean
scores of males and females from Ankara region. Among the second year
students from both regions, although the trend of prevelance of males over
females is same, females outperformed male students at Ankara while males
performed slightly better than females at Northern Cyprus region. For the third
year students, the trend favoring Ankara region is same however, there exists
almost no difference in the scores between female and male students in Northern
Cyprus but again males surpass females at Ankara region. Lastly and most

distinctly, fourth and fifth year students performed better yet the score of the
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male students for both regions are equal. The interaction is apparent due to male
students’ remarkably high scores over females in Northern Cyprus whereas
females outscored males in Ankara region. Yet, there exists gender related
difference in the mathematical thinking and reasoning skills of the students as a
general trend. Male students performed better than female students is consistent
with the literature (Cole, 1997; Royer et. al., 1999).

5.2 Conclusions

There are four major aims of this study. First one was to identify affective,
factors pertaining to, approaches to studying, self-efficacy, problem solving
strategies, mathematical thinking and reasoning competency and home-
background characteristics of university students and prospective teachers.
Secondly, to sought for a structural model among pre-identified factors that
elucidates best the collected data. Thirdly, to evaluate the equality of the factor
structures across Ankara and Northern Cyprus regions in order to identify
similarities and differences across these two regions. Fourthly, the differences
among pre-identified factors regarding approaches to studying, self-efficacy,
problem solving strategies, mathematical thinking and reasoning competency
were investigated with respect to gender, region and grade level one by one and
their dual and triple interaction effects were considered as well.

Based on the outcomes of the study, following conclusions could be drawn:
1. Five factors were identified regarding approaches to studying, self-efficacy,

and problem solving strategies namely; meaning orientation (deep approach,

relating ideas, use of evidence), mathematics self-efficacy, motivation

(intrinsic, extrinsic and achievement), disorganized study methods and

surface approach.

2. Two factors were identified regarding mathematical thinking and reasoning
competency of student and prospective teachers namely; ‘express, extract and
compute’ that constitutes basic skills and ‘express, infer logically’ that
represents more elaborate skills.

Similarities among the Results of the Three Proposed Models Tested
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10.

11.

12.

13.

14.

Mathematics self-efficacy has a positive moderate total impact on students
and prospective teachers’ logical inferencing and evaluating conditional
statements in real life situations which is in line with the relevant literature
Motivation has moderate negative direct and total effects on the fundamental
thinking skills that is; expressing, extracting and computing mathematically.
Mathematics self-efficacy has positive moderate direct and total effects on
fundamental skills in the first and third models.

Motivation has moderate negative indirect effects on the elaborate skills in
the second and third models.

Differences among the Results of the Three Proposed Models Tested
Meaning orientation has positive small indirect effect on the elaborate skills
and has positive moderate direct and total effects on the fundamental skills
for the second model which is consistent with the previous research findings
in general.

Mathematics self-efficacy has positive small indirect and total effects on the
elaborate skills for the third model.

Motivation has a negative small total effect on the elaborate skills of the third
model.

Similarities between the Results of the Third Model tested across regions
(All, Ankara and Northern Cyprus region)

Surface approach learning method has positive moderate direct and total
effects on the elaborate skills for the entire sample as well as for Ankara
region.

Motivation has moderate negative direct and total effects on the fundamental
thinking skills for all and Ankara region.

Motivation has moderate negative indirect and total effects on the elaborate
skills for all and Ankara region.

Mathematics self-efficacy has positive moderate direct and total effects on
fundamental skills for all and Ankara region.

Differences between the Results of the Third Model Tested across Regions

Mathematics self-efficacy has positive small indirect and total effects on the
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15.

16.

17.

18.

19.

20.

21.

elaborate skills for the entire sample.

No significant relationships were detected for the Northern Cyprus region.
Differences with Respect to Gender, Region and Grade Level

There exists significant mean difference among male and female students in
the meaning orientation dimension. Female students seem to be more
meaning oriented than male students. Nevertheless, only small amount of
variance could be explained by gender on the factors.

There is a significant mean difference among fourth&fifth year students and
third year students, and also among third year students and second year
students in the use of disorganized study methods although the effect is again
small. The fourth&fifth year and third year students use disorganized study
methods more often than second year students.

No significant interaction between gender and grade level was found to exist
among the mean scores of the five factors explicitly; meaning orientation,
mathematics self-efficacy, motivation, disorganized study methods and
surface approach dimensions.

Small yet significant differences were observed in mean scores of both
fundamental and elaborate skill dimensions among fourth&fifth year and
second year students and fourth& fifth year and third year students. Fourth
and fifth year students are more competent than second and third year
students in terms of basic computational skills and logical inferencing skills.
Inaddition, first year students mean scores on elaborate mathematical
thinking and reasoning skills are higher than the second year students.

There exist significant region based mean differences upon the scores
obtained in both fundamental and elaborate mathematical thinking and
reasoning dimensions. The variance explained by region upon these factors is
large. The mean scores of students from Ankara region are significantly
higher than the mean scores of students from Northern Cyprus region in both
basic and elaborate mathematical thinking and reasoning competency skills.

Significant interaction between region and grade level was found to exist

among the mean scores of the basic and elaborate skill dimensions. However,
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22.

23.

24,

25.

26.

27.

28.

the effect is small.

There is a significant mean difference upon the score of total mathematical
thinking and reasoning competency with respect to region. Large amount of
variance is explained by region upon the total mathematical thinking and
reasoning competency. Students from Ankara region have significantly
higher scores than students from Northern Cyprus region.

There exists significant yet to a small degree mean difference among the total
mean scores of male and female students. Male students outscored females
on the total score of mathematical thinking and reasoning competency.

There exists moderate level, significant mean difference among fourth&fifth
year students and first, second, third year students in the total mean score of
mathematical thinking and reasoning competency. Fourth& fifth year
students performed better than the rest of the grade levels. In addition, first
year students have significantly higher scores than the second and third year
students.

To a small degree, there exists significant interaction between region and
gender upon the total mean score. Males outperformed female students of
Northern Cyprus on the total test whereas the mean scores of females and
males are almost equal for students from Ankara region.

Yet to a small degree, there exists significant interaction among region and
grade level upon the total mean score.
There exists significant yet to a small degree, gender by grade level
interaction upon the total mean score.
There exists significant yet to a small degree region by gender by grade level

triple interaction upon the total mean score.

5.3 Implications

In the light of the results and conclusions of the study as well as the relevant

literature following educational suggestions could be recommended:

1.

Mathematical thinking and reasoning should be endorsed in the classrooms

starting from the early stages of education. Particularly, in the current
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educational system, students are not very familiar with real-life situated
problems. Therefore when they face with authentic items their performance
is only restricted to what they have encountered so far regarding the
curriculum. Hence, situations that require the improvement of mathematical
thinking could be encouraged by the instructors.

As consistent with the literature, self-efficacy though here has a moderate
effect, it is believed to be among strong predictors of mathematics
achievement. Therefore, teachers and instructors should be aware of this
situation and be able to find way to improve their students’ mathematics self-
efficacy.

It was observed that although some students hold high motivational attitudes
they seem to be unaware of their true ability on mathematical thinking and
reasoning competency. Motivation usually effects positively mathematics
achievement. Any contradictory result may be an indicator of students’
capability of their mathematics achievement.

Students tend to become more non-academic oriented as the grade level
advances. Therefore, they are in face to face with using more disorganized
study methods than the earlier years of their study. This may also result from
their exposure to excessive homework, projects load etc. Course loads such
as homeworks, projects etc. and schedules could be reorganized by taken this
into consideration by instructors.

Yet to date, there exist still a gap yet narrowing due to the societal change
between male and female students’ mathematics achievement in favor of
males. This gap could be partly overcome by teachers and instructors by
providing equal opportunities and considering gender based perceptional
differences in classrooms.

Based on the regional differences, more curricular opportunities could be
genereated for prospective teachers of Northern Cyprus to improve their

mathematical thinking and reasoning abilities.
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5.4 Limitations

Utilizing self-report survey yields to depend on the honesty and the
insight of the participants that could lead to some point response bias and tend to
be unreliable to some extent.

The two instruments were administered on single occasion in order to
locate same students rather than conducting them on two separate occasions.
However, this type of administration might lead students to pay less attention in
responding the two questionnaires due to more time is required to complete them
together. On the other hand, it guaranties to obtain response of same students for
both questionnaire and survey.

Every effort is made to ensure that students do not regard the test neither
as a test for measuring their mathematical ability nor their intelligence. However,
it is possible that some students perceive it in that way and this could have some

effect on their answers.

The mathematical thinking and reasoning competency test was designed
by the researcher and was based upon the table of specifications that was
constituted from various relevant frameworks. Although every attempt was made
to ensure that items do not require specific knowledge, some participants may
not be familiar with all of the items. As result, this could provoke guessing and
skipping of the items hence misleading to some extent an inaccurate

measurement of the mathematical thinking and reasoning competency.

5.5 Recommendations for Further Research

1. To improve the generalization of the findings, additional data could be
collected as a future work.

2. One of the most striking results was the negative relationship between
motivation and mathematical thinking and reasoning competency that needed
indepth attention and investigation particularly for the preservice teachers.

3. Only one model was tested across two regions, various models with different

contributing factors could also be tested and evaluated with respect to region
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and other attributes as well as.

4. The instruments used in this study could be improved to obtain more reliable
results. The outcomes could be supported and strengthen with interviews of
selected participants.

5. Self-efficacy items concerning mathematics as a future project could be
substituted with mathematics related tasks that measure self-efficacy since
imagining doing a mathematical task and actually engaging with it may

differ response of the students as stated by Pajares (1996).
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APPENDIX A

MATHEMATICAL THINKING AND REASONING COMPETENCY
TEST

Goniillii Katilim ve Bilgilendirme Formu

Bu calisma Orta Ogretim Matematik Alanlar1 Egitimi doktora ¢aligmasinin bir kismi
olarak Ogrencilerin demografik bilgileri, calisma aligkanliklar, 6zyeterlik ve problem
¢ozme stratejilerinin akil yiiriitme ve matematiksel diislinmeyle iliskisini anlamaya
yardimc1 olmak tizere hazirlanmistir.

Ik 6lgekte giinliik hayata dair 26 tane akil yiiriitme ve matematiksel diisiinme sorusu
icin katthmecilarin  dogru secene@i isaretlemeleri istenmektedir. Ikinci dlgekte
katilimcilarin  demografik bilgiler kismini doldurduktan sonra 51 soruluk goriis
Olceginde, kendi diisiincelerine en yakin bulduklar1 ilgili secenekleri isaretlemeleri
istenmektedir.

Bu c¢alisma matematik egitim ve Ogretimini gelistirmek, oOzellikle {iniversite
Ogrencilerinin matematiksel diistinme, akil yiriitme ilgili deneyimlerinin
iyilestirilmesini hedeflemektedir.

Aragtirma sirasinda toplanan tiim kisisel bilgiler kesinlikle gizli tutulacaktir. Tiim veriler
sadece aragtirmaci tarafindan saklanacak ve sadece ¢alisma kapsaminda kullanilacaktir.
Kimliginizi aciga ¢ikaracak ad, soyad, boliim,sinif,cinsiyet, ortalama vs... gibi kisisel
bilgiler kesinlikle gizli tututulacaktir.

Caligma hakkinda bilgi almak i¢in arastirmaciya asagidaki adresten ulasabilirsiniz:
Seren Basaran: shasaran@ii.metu.edu.tr

tel: 0090 312 210 7870

ODTU Enformatik Enstitiisii

ODTUKent Spor Merkezi Karsisi

06531 ODTU ~ANKARA - TURKIYE

Bu caligmaya katiliminiz kesinlikle goniillii olup istediginiz takdirde caligmanin her

asamasinda hi¢cbir kosul olmaksizin katilmaktan vazgegebilirsiniz. Caligma
sonlandirilmadan vazgectiginiz takdirde verdiginiz bilgiler kullanilmayip imha
edilecektir. Calismaya katillm tamamen goniilli olup verdiginizi bilgiler sizin i¢in
kesinlikle risk teskil etmemektedir.

Yukaridaki bilgileri okudum. Calismaya goniillii olarak katilmak istiyorum.

Katilimeinin imzasi: Tarih:
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AKkil Yiiriitme ve Matematiksel Diisiinme Olcegi

Sorulari dikkatlice okuyup, dogru oldugunu diisindigiiniiz ilgili secenegi (\) ya
da (X) koyarak isaretleyiniz. Liitfen tiim sorulart yanitlayiniz. Her sorunun
sadece tek bir dogru yanit1 vardir.
1. “Insanlarm tiimiinii baz1 zaman kandirabilirsiniz.” ifadesinin mantiksal olarak
olumsuzu asagidakilerden hangisidir?
a. Insanlarin en az birini hicbir zaman kandiramazsiniz.
b. Insanlarin bazilarin1 bazi zaman kandirabilirsiniz.
c. Insanlarin higbirini hi¢bir zaman kandirmazsiniz.
d. Insanlarin bazilarini herzaman kandiramazsiniz.
e. Insanlarin en az birini herzaman kandirabilirsiniz.
2. “Dersteki tiim Ogrenciler birinci siniftadir.” ifadesinin mantiksal olarak
olumsuzu asagidakilerden hangisidir?
a. Dersteki en az bir 6grenci birinci sinifta degildir.
b. Dersteki en az bir 6grenci birinci siniftadir.
c. Dersteki higbir 6grenci birinci sinifta degildir.
d. Dersteki hi¢bir 6grenci birinci siniftadir.
e. Derste birinci sinifta olmayan higbir 6grenci yoktur.
3. Hale sokakta {i¢ kisiye rastliyor. Bunlarin herbiri her zaman yalan ya da her
zaman dogru sdylemektedir. Bu kisilerin Hale’ye sdyledikleri asagidadir:
A : 7 Ugiimiiz de yalan soyliiyoruz.”
B: “ Sadece aramizdan iki kisi yalan séyliiyor”™
C: “ Benim disindaki ikisi yalan séyliiyor.”
Bu durumda hangisi/(leri) dogruyu séylemektedir?

a. A kisisi
b. B kisisi
c. Ckisisi

d. A ve B kisileri
e. Bve C kisleri
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4.

Bir adam elindeki x lira y kurusluk ¢eki bozdurmak isteginde banka memuru
yanlislikla ona y lira x kurus nakit vermistir. Adam bu parayla k kurusluk bir
gazete aldiginda geri kalan para ger¢ek c¢ek degerinin 2 katidir.
Asagidakilerden hangisi yukaridaki ifadenin matematiksel olarak dogru

gosterimidir?
a. 98y-199x=k
b. 199y-98x=k
C. Yy*X-k=2x*y
d. 8y-19x=k
e. X*y-k=2y*x

Berk bilyelerini {icer iicer saydiginda geriye bir bilye kalmakta, beser beser
saydiginda iki bilye, yediser yediser saydiginda ise geriye dort bilye
kalmaktadir. k, m, n tamsayilar ve x bilye sayisi ise, asagidakilerden hangisi
bu durumun matematiksel olarak dogru gosterimidir?

a. x=3k+2=5m+3=7n+5

b. x=3k+1=5m+2=7n+14

C. x=k+3=2m+5=4n+7

d x=3k—-1=5m—-2=7n—-4

e. x=k—-3=2m-5=4n-7

Asagida, bir termometre iizerinde gosterilen derece ( °C ) ve bunlara karsilik
Fahrenheit(F) sicaklik degerleri verilmistir:

°C 0 5 10 15 20 25 30

F 32 41 50 59 68 77 86

“ Sicaklik sabah termometrenin en diisikk derecesindeydi ama 0Ogleyin
sicaklik derece olarak orta seviyeye gelmistir.” ifadesinin Fahrenheit

Olcegindeki karsiligi asagidakilerden hangisidir?

a. 717TF
b. 68F
c. 59F
d. 86F
e. 95F
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7.

9.

Vi.

F ve C sirasiyla Fahrenheit ve Celsius sicaklik degerlerini gdstersin. Bu
degerler arasindaki iliski F= (9/5)C+32 ile gosterilmistir. Ka¢ derecede
Fahrenheit ve Celcius sicaklik degerleri birbirine esit olur?

a. -40°C

b. -45°C
c. -80°C
d. 45°C
e. 40°C

Sinema salonunda bir film “ceyrek gece”lerde baslamaktadir. Bir 6nceki
seansin siiresi uzadigindan, film bu kez 10 dakika gecikmeli baglamistir.

Film 90 dakika siiriiyorsa, filmin bitis zaman1 asagidakilerden hangisidir?

a. Beskala
b. Bes gege
c. Onkala
d. On gece

e. Ceyrek kala

Can’nin harflerle adlandirilmis odalardan olusan bir labirentten ayni kapiy1
iki kez kullanmadan gecerek Giris’ten baslayip Cikis’ta bitirmelidir. Buna
gore asagidaki durumlar i¢in dogru (D), yanhg(Y) ya da yeterli bilgi

yok(YBY) seklindeki yanitlardan Size gére en dogru olanini seginiz.

T Cikis
Can P’den geger.
a)D b)Y c)YBY ! |
Can N’den gecer.
aD b)Y c)YBY N
Can M’den gecer. K L M N O

aD b)Y c)YBY SR R R

Can O’dan gectiyse F’den J | n a F
degecmistir. |
a)D b)Y c¢)YBY I
Can K’dan gegtiyse L’den de El P & B A
gecmistir. L,
aD b)Y c)YBY T }
Girig

Can L’den gegtiyse K’dan da
gecmistir. a)D b)Y c)YBY
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10.

11.

12.

Asagidaki gibi sadece tek yiizii goriinen dort kart verilmistir. Her kartin bir
yliziinde bir rakam, diger yiiziinde de bir harf yazihidir. Kural: “Eger bir
kartin bir yiiziinde sesli bir harf varsa, diger yiiziindeki rakam cifttir.”
Kuralin dogrulugunu test etmek i¢in hangi kart(lar)in arkasina bakmaniz

gerekir?(Not: a,e,1,i,0,0,u,ii harflerine sesli harf denir)

E K 6 9

a. Sadece E kartinin arka yiiziine bakmak yeterlidir.

b. Sadece K kartinin arka yliziine bakmak yeterlidir.
c. E ve 6 kartlarinin arka yiizlerine bakmak yeterlidir.
d. E ve 9 kartlarinin arka yiizlerine bakmak yeterlidir.

e. K ve 6 kartlarinin arka yiiziine bakmak yeterlidir.

Bir gazetenin haberine gore liniversitelerin, ekonominin is verebileceginden
%25 daha fazla mezun verdigi bildirilmistir. Buna gore asagidakilerden hangi
sonucu ¢ikarabiliriz?

a. Her dort mezundan birinin issiz kalma olasilig1 vardir.

b. Her bes mezundan birinin igsiz kalma olasilig1 vardir.

c. Her iki mezundan birinin issiz kalma olasilig1 vardir.

d. Her li¢ mezundan birinin issiz kalma olasilig1 vardir.

e. Her altt mezundan birinin issiz kalma olasilig1 vardir.

Bir evin degeri ilk yil %20 artmis, sonraki yil %18 azalmistir. Buna gore,
asagidakilerden hangisi dogrudur?

a. Evin degeri ne artmis ne azalmstir.

b. Evin degeri toplamda %2 azalmistir.

c. Evin degeri toplamda %2 artmistir.

d. Evin degeri toplamda %1.6 artmustir.

e. Evin degeri toplamda %1.6 azalmistir.
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13. Yeni acilan bir magaza miisterilerine indirim yapmaktadir. Kasiyer %15°1ik
indirimin bir malin degerine 6nce uygulanip daha sonra olusan degerden
%5’lik verginin alinacagini, miisteri ise malin %35’lik vergisi eklendikten
sonra olusan degere %15 indirimin uygulanmasi gerektigini iddia etmektedir.
Buna gore asagidakilerden hangisi dogrudur?

a. Her iki durumda da malin son degeri aynidir.
b. Miisteri kendi iddiasiyla daha az 6deyecektir.
c. Miisteri kendi iddiasiyla daha fazla 6deyecektir.
d. Kasiyerin kendi iddiasiyla miisteri daha az 6deyecektir.
e. Kasiyerin kendi iddiasiyla misteri daha fazla 6deyecektir.
14. Bir dersten sabah ve aksam gruplarinda AA notu alan kiz ve erkek 6grenciler

dagilimi1 ve yiizdelikleri asagidaki tabloda verilmistir:

Grup Kiz AA % Erkek AA % Toplam  AA %

alanlar alanlar alanlar
Sabah 9 2 0.22 10 2 0.20 19 4 0.21
Aksam 9 6 0.67 14 9 0.64 23 15 0.65
Toplam 18 8 044 24 11 0.46 42 19 0.45

Bu tabloya gore asagidakilerden hangisi yanlistur?

a. Her grup i¢in, AA notu alan kizlarin orant AA notu alan erkeklere gore
daha fazladir.

b. Toplamda, AA notu alan kizlarin oran1 AA notu alan erkeklere gore daha
azdir.

C. Sabah grubunda AA alan 6grenciler aksam grubuna gore daha fazladir.

d. Toplamda sinifin neredeyse yarisi dersten AA ile gegmistir.

e. Aksam grubunda, AA notu alan erkeklerle kizlarin orani neredeyse

esittir.
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15.

16.

17.

Niifus sayim gorevlisi bir evdeki kadinla konusmaktadir. Kadin evde kocasi
ve ii¢ kizinin bulundugunu séylemistir. Gorevli, kadina kizlarmin yaslarini
sorar; kadin da kizlarinin yaslarmin c¢arpimmin 36 ve toplaminin da ev
numarasina esit oldugunu soyler.Gorevli, kadina kizlarin yaglarin1 anlayacak
kadar yeterli bilgi vermedigini sdyler. Kadin da en biiyiikk kizinin yukarida

uyudugunu belirtir. Buna gore kizlarin yaslar1 asagidakilerden hangisidir?

a. 2,3,6
b. 1,49
c. 229
d. 1,66

e. Kizlarin yaglarini hesaplamaya yetecek kadar bilgi verilmemistir.

Bir yil sonra esimin yas1 evimin yasinin iigte bir kadar olacaktir. Dokuz yil
sonra benim yasim, evimin simdiki yasinin yarisi kadar olacaktir. Ben
esimden 10 yas biiyiigiim. Buna gore benim, esimin ve evimin simdiki
yaglar1 sirasiyla asagidakilerden hangisidir?

a. Ben,esim,evim:55, 45, 108

b. Ben,esim,evim:45, 35, 108

c. Ben,esim,evim:65, 55, 96

d. Ben,esim,evim:35, 25, 96

e. Ben,esim,evim:56, 46, 81

Bir kisi giinde 8 saat uyumakta ve 1 Nisan geceyaris1 uyumaya
baslamaktadir. Bu kisi uyandiktan tam olarak 17 saat sonra tekrar

uyumaktadir. Bu kisi Nisan ay1 i¢inde hangi giinde yine ilk uyandigi saatte

uyanacaktir?
a. 10 Nisan
b. 20 Nisan
c. 24 Nisan
d. 25 Nisan
e. 26 Nisan
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18.

19.

20.

Bir okulda kiz 6grencilerin yaris1 ve erkek dgrencilerin iicte biri Ingilizce
bilmektedir. Tiim dgrencilerin iigte ikisi erkek olduguna gore Ingilizce bilen
kiz 6grencilerin Ingilizce bilen tiim 6grencilere oran1 kagtir?

a. 3/7

6
b. 6
1
C. 2
2
d 2,

Bir satran¢ turnuvasinda 32 tane oyuncu yarigmaktadir. Yarigmacilar ilk
turda ikili olarak eslestirilmistir. Her karsilagsmanin birincisi ikinci tura geger.
Yarisma sadece bir tek kazanan kalincaya kadar devam etmektedir. Buna

gore oynanan toplam karsilagsma sayis1 asagidakilerden hangisidir?

a. 30

b. 16
c. 31
d. 24
e. 18

Bir smniftaki tiim Ogrencilerin  boylart Olgiilmiistiir. Smiftaki erkek

ogrencilerin boy ortalamas1 160 cm, kiz 6grencilerin boy ortalamasi ise 150

cm’dir. Ayse sinifta bulunan 6grenciler arasinda 180 cm’lik boyuyla en uzun,

Mert ise 130 cm’lik boyuyla siniftaki 6grenciler arasinda en kisadir. Boy

Ol¢limiiniin yapildig1 giin iki 6grenci derse gelmemistir. Ertesi giin bu iki

ogrenci de derse gelince tekrar tim smif i¢in boy ol¢iimii yapilip kiz ve

erkek Ogrencilerin boy ortalamalarinin degismedigi goriilmiistiir. Buna gore

asagidaki durumlardan hangisi dogrudur?

a. Eksik olan 6grencilerin ikisi de kizdir.

b. Eksik dgrencilerden biri 6grenci kiz digeri erkektir.

c. Tim oOgrencilerin boy ortalamasi1 eksik 0Ogrenciler de katilinca
degismemistir.

d. Mert son durumda da halen sinifin en kisasidir.

e. Eksik olan 6grenciler farkli boydadir.
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21. Asagidaki tabloda karbon dioksit (CO2) emilim ve yayilmasina neden olan

faktorler ve giinliik miktarlar1 verilmistir. Buna gore asagidakilerden hangisi

dogrudur?

Ormanlar 150000 ton (CO, emilim/giin)
Okyanus 125000 ton (CO, emilim/giin)
Buzullar 125000 ton (CO, emilim/giin)
Yanardaglar 150000 ton (CO; yayilma /giin)
Uguslar 200000 ton (CO; yayilma/giin)
Araclar 50000 ton (CO; yayilma/giin)

a. CO; yayilmasi CO; emiliminden daha fazladir.

b. CO; yayilmasi CO, emiliminden daha azdir.

c. Uguslar ve araglardan CO, yayilmasi iki kat artarsa, CO, emilimi ve
yayillmasini dengelenmek i¢in okyanus ve buzullardan CO; emiliminin
iki katina ¢ikmasi gerekir.

d. Uguslar iptal edilirse CO, yayilmasi ile emilimi esit miktarda olacaktir.

e. Buzullar erirse CO, emilimi artacaktir.

Katthimunuz icin tesekkiirler!!!
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APPENDIX B

THE SURVEY

Béliim 1: Bu bolimde sizinle iligili baz1 bilgiler sorulmaktadir. Liitfen ilgili
yerlere (V) ya da (X) koyarak isaretleyiniz. Tiim sorular1 bos birakmadan

yanitlaymiz.
1. Boliimiiniiz:
2. Genel akademik ortalamaniz:
3. Cinsiyetiniz:

a)Kiz b)Erkek
4. Smifinmz:

a) Hazirlik b) 1. Smif  ¢) 2.Simif d) 3.Smif e) 4.Sinif

5. Hangi orta 6gretim kurumundan mezun oldunuz?

a) Genel Lise  b)Kolej c) Anadolu Lisesi d)Meslek Lisesi

¢) Bagka ise belirtiniz:

6. Babanizin egitim diizeyi nedir?

a) Okur-yazar degil b)ilkokul c)Ortaokul d)Lise e)Universite
7. Annenizin egitim diizeyi nedir?

a)Okur-yazar degil b)ilkokul c¢)Ortaokul d)Lise e)Universite
8. Siz hari¢ kag kardessiniz? (Sizden biiyiik ve kiiciik olanlar dahil)

a)Kardesim yok b)1l  ¢)2-3 d)4-5 ¢)6 ve istii
9. Kendinize ait ders kitaplari dahil ortalama kag kitabiniz var?

a)0-10 b)11-24 €)25-100 d)100’den fazla
10. Mesleki alanimiz disinda dergi, kitap vs. ne kadar siklikla okuyorsunuz?

a)Hemen her giin b)Haftada 1-2 kez =~ c)Ayda 1-2 kez d) Hemen hig
11. Ders galismaya ve ddevlerinize hergiin ortalama ne kadar zaman

ayirtyorsunuz?

a)Hemen hig b)1 saat ve daha az ¢)2-3 saat d)4-5 saat e)6 saat ve
fazla

12. Evinizde asagidakilerden hangileri vardir (Her sirada sadece bir kutuyu

isaretleyiniz):

Var Yok

Bilgisayar......ccoccoevienieiniiieiieieeee O O

Internet erigimi.........oceveveeeeveeeeeeeene. O O

Calismak icin ayri oda.........ccceeeuneeneee. o o

Calisma masasi..........ccccccecvveeeennnee.0 ]

Calismalariniz i¢in yardimci kitaplar..o |
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Boliim 2: Verilen ciimlelerden higbirinin kesin cevabi yoktur. Her climleyle ilgili
goriis, kisiden kisiye degisebilir. Bunun igin vereceginiz yanitlar kendi
gorlisliniizii yansitmalidir. Her ciimleyle ilgili goriis belirtirken 6nce ciimleyi
dikkatle okuyunuz, sonra ciimlede belirtilen diislincenin, sizin diigiince ve
duygunuza ne derecede uygun olduguna karar veriniz. Bu climleler i¢in ifade
edilen diislincelere sizin ne derece katilip katilmadiginizi belirtmeniz igin
“Kesinlikle Katiimiyorum”, “Katilmiyorum”, “Kararsizim”, Katiliyorum”,
”Kesinlikle Katiliyorum” secgenekleri verilmistir. Liitfen tiim sorular1 dikkatlice
okuyup bos birakmadan, sizin i¢in en uygun segenegi isaretleyiniz.

Kesinlikle  Katilmiyorum Kararsizim Katiliyorum — Kesinlikle

Katilmiyorum Katiliyorum

1. Bana zor gibi goriinen konulart a o o m] o

anlamak i¢in ¢ok ¢aba harcarim.

2. Derslerde dinledigim seylerin | i i i o
dogrulugunu sorgularim.

3.  Okudugum seylerin anlamint o i i mi o
tam olarak kavramaya g¢aligirim.

4. Bir konuyla ugrasirken kendime yeni o i i mi o
bilginin gerektigi sorular sorarim.

5. Farkli konular arasinda iligki o | | ] |
kurmaya caligirim.

6. Yeni fikirlerle gercek hayattaki i i i mi i
olaylar arasinda baglanti kurmaya
caligirim.

7. Bir konuda yazmadan 6nce i i i mi i
konu hakkinda epey bilgi edinirim.

8. Farkli fikirlerin birbiriyle nasil i i i mi i
uyustuguna bakarim.

9. Upygulamali ¢aligsmalari rapor ederken o o o ] ]
dikkate alirim.

10. Yeterli kanit olmadik¢a sonuca o o o m] o
varmakta dikkatli davranirim.

11. Mantikli bir sonuca varmayi o o o m] o
gerektiren problemler ilgimi ¢eker.

12. Bir makale veya raporu okurken o o o mi o
eldeki verilerin sonug i¢in yeterli
olup olmadiginmi kontrol ederim.

13. Bu béliimde olmamin sebebi, ] o o m] a

ilgilendigim konularda daha
fazla bilgi sahibi olmaktir.

14. Akademik konulari ¢alismanin ¢ogu O o o ] o
kez gercekten heyecan verici
oldugunu diistiniiyorum.

15. Derslerde tartisilan ilging konular o ] ] ] ]
hakkinda daha ¢ok sey 6grenmek isterim.
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Table (continued)

16. Akademik konularla ilgili ders bittikten o
sonra da arastirma yapmayi siirdiirtiriim.

17. Hocalar basit gergekleri gereksizce |
giiclestirmekten hoglaniyor gibiler.

18. Ogrenmek zorunda olduklarimizin i
birgogunu ezberleyerek 6grenirim.

19. Okurken ileride kullanigh olabilecek O
gercekleri ezberlemeye calisirim.

20. Teknik terimleri anlamanin en iyi yolu o
kitap tanimlarin1 ezberlemektir.

21. Genellikle, okuduklarim iizerinde akil O
yiiriitmeye pek vaktim olmaz.

22. Okudugum seyleri iyice anlamaya o
firsat olmadan okuyorum.

23. Rapor veya ddevlerde tam olarak ne o
yapmam gerektiginin sdylenmesini isterim.

24. lyi yapilandirilmis ve diizenlenmis |
dersleri tercih ederim.

25. Odevleri tamamlamak igin gerekenlerin 0
disinda oldukga az okurum.

26. Belirli zaman siiresi i¢inde rekabete O
dayanan &devler bende sikint1 yaratir.

27. Bir sinavda ilk soruya zayif bir yanit o
verirsem panige kapilirim.

28. Derslerde sorulari sozIlii yanitlamak o
zorunda kalmak bende sikint1 yaratir.

29. Aldigim derslerin ileride bana iyi bir is O
imkan1 saglayacagini diigiiniiyorum.

30. Bu boliimde olmamin sebebi daha iyi ©
bir is bulmama yardimc1 olacagidir.

31. Derslere, ileride meslek yasantima ]
destek saglayacaklari igin katlaniyorum.

32. Aldigim derslerden ¢ok alacagim o
derecelerle ilgileniyorum.

33. Calisma zamanimi etkin bir sekilde o
organize etmek zor geliyor.

34. Isleri en sona birakma aliskanligim o
dénem sonunda beni agir1 bir yiikle
kars1 karstya birakir.

35. Aksamlar dikkatimi bir konuda o
toplayamadigimdan 6dev yaparken
verimim diisiik olur.
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Table (continued)

36.

Aksamlar1 calismaya baslarken epey O
agirdan alinm.

37.

Rekabeti severim; beni harekete gegirir o

38.

Buradaki derslerimde gercekten i
basarili olmam benim i¢in 6nemlidir.

39.

Arkadaglarimdan daha basarili olmak o
benim igin 6nemlidir.

40.

Yeterince ugrasirsam her tiirlii |
matematik problemini ¢dzebilirim.

41.

42.

Matematiksel yapilar ve teoremleri o
kullanarak yeni kesifler yapabilirim.
Matematikte yeni bir durumla o

karsilagtigimda nasil davranmam
gerektigini bilirim.

43.

Matematige ¢cevremdekiler kadar o
hakim olmanin benim i¢in imkansiz
olduguna inanirim.

44,

Anlamasam bile hocamizin gosterdigi O
matematiksel ¢6ziimii kabul ederim.

45,

Problem ¢6zerken bir sonraki adimda o

ne yapacagima karar vermekte zorlanirim.

46.

Problemi ¢6zmeye baglamadan énce O
bir sonraki adima nasil yaklasacagimi
diigiiniirim.

47.

Problemi ¢6zdiikten sonra geriye o
doniip kontrol etmem.

48.

Problem ¢6zerken, soruyu tekrar i
tekrar okurum.

49.

Problem ¢6zerken, birden fazla ¢6ziim o
yontemi diigiiniiriim.

50.

Problem ¢6zerken, takildigim zaman O
bagka bir yontem denerim.

51.

Problem ¢6zerken,sonuca hemen ]
ulagmazsam vazgecerim.

Katiliminuiz icin tesekkiirler!!!
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APPENDIX C

SPECIFICATIONS OF THE MTRC TEST

Table 86 Table of Specifications of the MTRC Test

NO  Type Difficulty  Disciplines Problem solving processes RS cC Key
involved
1 Logical moderate  Propositional ~ Understand logical statements in LDR R A
inferencing Logic real life contexts.
(Language&Proof) Represent problem in mathematical
context using quantified
statements. Negate quantified
statements.
Re-represent them in real life
context.
2 Logical moderate  Propositional ~ Understand logical statements in LDR R A
inferencing Logic real life contexts.
(Language&Proof) Represent problem in mathematical
context using quantified
statements. Negate quantified
statements.
Re-represent them in real life
context.
3 Logical difficult Propositional ~ Understand logical statements in LDR RF B
inferencing Logic real life contexts, represent
(Language&Proof) problem in mathematical context.
Analyze by cases. Evaluate result
by eliminating irrelevant cases.
4 Expressing given easy arithmetic Understand problem. Represent the AR R A
situation problem mathematically.
Mathematically
5 Expressing given easy Modular Understand problem. Represent the AR R B
situation arithmetic problem mathematically.
Mathematically
6 Extract given easy arithmetic Understand given situation. Extract ~ AR R C
information from a necessary information from given
table values in a table.
7 Applying easy arithmetic Understand given problem. Using OR R A
appropriate computational skills to solve the
computational problem
skills
8 Applying easy arithmetic Understand given problem. Using QR R A
appropriate computational skills to solve
computational problem
skills
9i Evaluating easy Propositional ~ Understand the given situation. LDR R B
conditional logic Evaluate given situation with
statements in respect to the conditions.
everyday
language/logical
inferencing
9ii Evaluating easy Propositional ~ Understand the given situation. LDR R A
conditional logic Evaluate the given situation with
statements in respect to the conditions.
everyday
language/logical
inferencing
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Table 86(continued)

9iii  Evaluating easy Propositional ~ Understand the given situation. LDR R
conditional logic Evaluate the given situation with
statements in respect to the conditions.
everyday
language/logical
inferencing

9iv  Evaluating easy Propositional ~ Understand the given situation. LDR R
conditional logic Evaluate the given situation with
statements in respect to the conditions.
everyday
language/logical
inferencing

9v Evaluating easy Propositional ~ Understand the given situation. LDR R
conditional logic Evaluate the given situation with
statements in respect to the conditions.
everyday
language/logical
inferencing

9vi  Evaluating moderate  Propositional ~ Understand the given situation. LDR R
conditional logic Evaluate the given situation with
statements in respect to the conditions.
everyday
language/logical
inferencing

10 Evaluating moderate  Propositional ~ Understand problem. Evaluate LDR C
conditional logic given condition.
statements in
everyday
language/logical
inferencing.
Complex multiple
choice.

11 Expressing and moderate  arithmetic Understand problem. Represent QR R
computing given problem mathematically. Apply
situation appropriate computational skills to
Mathematically solve the problem

12 Expressing and easy Modular Understand problem. Representthe QR R
computing given arithmetic problem mathematically. Apply
situation appropriate computational skills to
Mathematically solve the problem

13 Expressing and easy Modular Understand problem. Represent OR R
computing given arithmetic problem mathematically. Apply
situation computational skills to solve
Mathematically problem

14 Extract given Easy Modular Understand given situation. Extract AR R
information from arithmetic the necessary information from the
table. Complex given values in the table.
multiple choice

15 Evaluating difficult arithmetic Understand problem. Represent LDR RF
whether necessary problem mathematically. Checking
information is whether given information is
given for sufficient to compute result or not.
computing result Apply appropriate computational

skills to solve the problem

16 Expressing and easy arithmetic Understand problem. Representthe QR R
computing given problem mathematically. Apply
situation appropriate computational skills to
mathematically solve the problem

17 Expressing and moderate  Modular Understand problem. Representthe QR R
computing given arithmetic problem imathematically. Apply
situation appropriate computational skills to
mathematically solve the problem

18 Expressing and moderate  arithmetic Understand problem. Representthe QR R

computing given
situation
mathematically

problem mathematically. Apply
appropriate computational skills to
solve the problem

171



Table 86 (continued)

19 Expressing and easy Counting- Understand problem. Representthe QR R C
computing given arithmetic problem mathematically. Apply
situation appropriate computational skills to
mathematically solve the problem

20  Verifying the truth  difficult arithmetic Understand problem. Representthe QR RF E
of each case stated problem mathematically. Analyze
in options. by cases.
Complex multiple
choice.

21 Extract given easy arithmetic Understand given situation. Extract QR R C
information from the necessary information from the
table given values in the table.

*22  Express given easy graph Understand given situation. AR R B
statement visually Represent problem in visual way.

*23  Expressing and easy arithmetic Understand problem. Representthe QR R E
computing given problem mathematically. Apply
situation appropriate computational skills to
mathematically solve the problem

*: These items were used only at the pilot administration of the test.

**Reasoning Skills (RS):

Analytic reasoning (AS): learners must apply principles of formal logic in determining
necessary& sufficient conditions or in determining if implication of causality occurs
among the constraints and conditions provided in the problem.

Quantitative reasoning (QR): learner must apply properties and procedures related to
number operations form mathematics to solve problem.

Logico-deductive reasoning (LDR): conclusions (new knowledge) follow from premises
(old knowledge) through the application of arguments (syllogisms, rules of inference).
***Cluster Competency (CC): Reproduction, Reflection

Reproduction (R): standard representations & definitions, routine computations
procedures problem solving

Reflection (RF): Complex problem solving and posing, reflection&insight, original
mathematical approach, multiple complex methods, generalization

Note: Above fields in the test specification were adapted from PISA 2003 problem

solving framework.
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APPENDIX D

EXCLUDED ITEMS FROM THE FINAL VERSION OF THE
TEST

22. Bahar mevsiminde havadaki nem orani arttiginda polen miktar1 azalmaktadir.
X nem orant ve Y polen miktari olmak iizere, bu durumu en iyi gdsteren
grafik asagidakilerden hangisidir?

a. b. C. * o e, .

‘. C. . .
L] L]

- ..-' - 8 g @ - L]

-"' - e a® . -

. . - . - -
- .- _
. a » . .

' a ‘ . . . - .

- * s a" .

+ F L F L

]
()

. Suyun 20 derecede dondugu ve 80 derecede kaynadigt bir T 1s1 6lgegi olsun.
Fahrenheit 6lgeginde 181 X 1se, T oleeginde 181
a ve b sabit sayllar igin,ax + b'dir. T 6lgeginde 50 1s1  degerinin
Fahrenheit 6l¢egindeka karsiligr agagidakilerden hangisidir?

50-b
a.
a
50-b
b.
2a
100-b
C.
a
100-b
d.
2a
100-2b
€.
a
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APPENDIX E

TABLE OF SPECIFICATIONS FOR THE SURVEY

Meaning Orientation

Deep Approach: Q1-Q4
Relating Ideas: Q5-Q8

Use of Evidence: Q9-Q12
Intrinsic Motivation: Q13-Q16

Reproducing Orientation
Surface Approach: Q17-Q22
Sylabus-Boundedness: Q23-Q25
Fear of Failure: Q26-Q28
Strategic Orientation

Extrinsic Motivation: Q29-Q32

Achievement Motivation: Q37-Q39

Non-Academic Orientation
Disorganized Study Methods: Q33-Q36

Mathematics Self-Efficacy: Q40-Q43

Problem solving strategies: Q44-Q51
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APPENDIX F

CHECKLIST FOR FACE AND CONTENT VALIDITY

Definition: This test was designed to measure the competency of university

students in the specified set of cognitive thinking processes that were situated in

real life problems in the scope of reasoning and mathematical thinking for all

grade level students of mathematics, elementary and secondary mathematics

education, early childhood and classroom teacher education.

Please put a check sign (V) and provide suggestions if any, to the following

statements:
Yes Not
Yet
Aims and format of the items are clear
Content is suitable for undergraduate students of
MATH, ECE, EME, SSME, CTE
The content is comprehensive
Sample of items are adequate
Items match with the objectives
The layout is clear and is legible
Format of the items are appropriate
There are no plausible distracters
There is no ambiguity in the options
Work space are allocated
Language is appropriate and free of grammar and
spelling errors
Instructions are clear
Items do not encourage guessing.

Items are easy to read
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APPENDIX G

KEYWORDS USED IN LITERATURE SEARCH

Affective

Demographic

Mathematics Achievement

SEM

MANOVA

ANOVA

Structural Equation Modeling

Factor Structure Equality across Groups

Factorial Invariance across Groups

Approaches to Learning/Studying

Mathematical Thinking

Reasoning

Meaning Orientation (Deep Approach, Relating Ideas, Use of Evidence, Intrinsic
Motivation),

Reproducing Orientation (Surface Approach, Syllabus-Boundness, Fear of
Failure)

Strategic Orientation (Extrinsic and Achievement Motivation),

Non-Academic Orientation (Disorganized Study Methods),

Mathematics Self-Efficacy

Problem Solving Strategies/Behaviors

176



APPENDIX H

DESCRIPTIVE STATISTICS FROM CFA RESULTS

Table 87 Latent and Observed Variables from CFA

Latent Variables Observed Variables Mean SD
RldealQ5 Farkli konular arasinda iliski kurmaya 3.93 0.83
caligirim.
DAp3Q3  Okudugum seylerin anlamini tam 416 0.80
olarak kavramaya caligirim.
Rldea2Q6  Yeni fikirlerle gergek hayattaki olaylar ~ 3.88  1.00
arasinda baglanti kurmaya caligirim.
DAp4Q4  Bir konuyla ugrasirken kendime yeni 3.58 0.94
bilginin gerektigi sorular sorarim.
Rldea4Q8  Farkl fikirlerin birbiriyle nasil 3.74 0.89
uyustuguna bakarim.
DAp2Q2  Derslerde dinledigim seylerin 3.65 0.95
MEANORT dogrulugunu sorgularim.
Meaning Rldea3Q7  Bir konuda yazmadan 6nce konu 3.70 0.92
Orientation hakkinda epey bilgi edinirim.
Evid4Q12  Bir makale veya raporu okurken eldeki ~ 3.68 0.96
verilerin sonug i¢in yeterli olup
olmadigimi kontrol ederim.
Evid2Q10  Yeterli kanit olmadik¢a sonuca 3.94 0.88
varmakta dikkatli davranirim.
Evid1Q9  Uygulamali ¢aligmalari rapor ederken 3.69 0.88
bulgularin farkli birkag yorumunu
dikkate alirim.
SEff3Q42  Matematikte yeni bir durumla 3.36  0.90
karsilagtigimda nasil davranmam
gerektigini bilirim.
SEff2Q41  Matematiksel yapilar ve teoremleri 312 104
kullanarak yeni kesifler yapabilirim.
SEff3Q42  Matematikte yeni bir durumla 3.36  0.90
karsilagtigimda nasil davranmam
gerektigini bilirim.
SEfflQ40  Yeterince ugrasirsam her tiirli 3.76 1.00
matematik problemini ¢ézebilirim.
MSEFFIC SEff4Q43  Matematige ¢evremdekiler kadar 3.83 1.00
Mathematics hakim olmanin benim i¢in imkansiz
Self-Efficacy olduguna inanirim.
PSSt1Q44  Anlamasam bile hocamizin gosterdigi 312  1.07
matematiksel ¢oziimii kabul ederim.
PSSt2Q45  Problem ¢ozerken bir sonraki adimda 3.44 0.92
ne yapacagima karar vermekte
zorlanirim.
PSSt8Q51 Problem c¢ozerken sonuca hemen 3.69 1.02

ulagmazsam vazgegerim.
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Table 87 (continued)

MOT
Motivation(Intrinsic/
Achievement)

IMot2Q14

Akademik konular1 ¢alismanin cogu
kez gercekten heyecan verici oldugunu
distinliyorum.

3.37

1.15

IMot1Q13

Bu boliimde olmamin sebebi,
ilgilendigim konularda daha fazla bilgi
sahibi olmaktir.

3.62

1.21

IMot4Q16

Akademik konularla ilgili ders bittikten
sonra da arastirma yapmay1
strdiiriiriim.

3.03

1.05

AMot2Q38

Buradaki derslerimde ger¢ekten
basarili olmam benim i¢in dnemlidir.

3.83

1.00

EMot1Q29

Aldigim derslerin ileride bana iyi bir is
imkani1 saglayacagini diigiiniiyorum.

3.47

1.18

SEff2Q41

Matematiksel yapilar ve teoremleri
kullanarak yeni kesifler yapabilirim.

3.12

1.04

SEff1Q40

Yeterince ugragirsam her tiirlii
matematik problemini ¢dzebilirim.

3.76

1.00

DISORSTD
Disorganized Study
Methods

DOSt4Q36

Aksamlar1 ¢aligmaya baslarken epey
agirdan alirim.

2.71

1.16

DOSt2Q34

Isleri en sona birakma aliskanligim
donem sonunda beni asir1 bir yiikle
kars1 karsiya birakir.

2.44

1.23

DOSt3Q35

Aksamlar1 dikkatimi bir konuda
toplayamadigimdan 6dev yaparken
verimim disiik olur.

2.92

1.22

DOSt1Q33

Calisma zamanimi etkin bir sekilde
organize etmek zor geliyor.

2.80

1.12

SURAPP
Surface Approach

SAp3Q19

Okurken ileride kullanisl olabilecek
gergekleri ezberlemeye caligirim.

2.85

1.12

SApP4Q20

Teknik terimleri anlamanin en iyi yolu
kitap tanimlarinm ezberlemektir.

3.59

1.03

SAP2Q18

Ogrenmek zorunda olduklarimizin
bir¢cogunu ezberleyerek dgrenirim.

3.11

1.14

SAP5Q21

Genellikle, okuduklarim tizerinde akil
yiirlitmeye pek vaktim olmaz.

3.47

0.99

SAp6Q22

Okudugum seyleri iyice anlamaya
firsat olmadan okuyorum.

3.46

1.07

EXPEXTCMP
Express,Extract,Compute

ECp7R19

Bir satrang turnuvasinda 32 tane
oyuncu yarigmaktadir. Yarigsmacilar ilk
turda ikili olarak eslestirilmistir. Her
karsilasmanin birincisi iKinci tura
gecer. Yarigsma sadece bir tek kazanan
kalincaya kadar devam etmektedir.
Buna goére oynanan toplam kargilagma
sayis1 asagidakilerden hangisidir?

0.69

0.46

ECp4R16

Bir y1l sonra esimin yas1 evimin
yaginin ligte bir kadar olacaktir. Dokuz
yil sonra benim yasim, evimin yasinin
yaris1 kadar olacaktir. Ben esimden 10
yas biliyligiim. Buna gore benim,
esimin ve evimin simdiki yaslart
sirastyla asagidakilerden hangisidir?

0.81

0.40
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Table 87(continued)

ExTh2R14

Bir dersten sabah ve aksam gruplarinda
AA notu alan kiz ve erkek 6grenciler
dagilimi ve yiizdelikleri agagidaki
tabloda verilmistir: Bu tabloya gore
asagidakilerden hangisi yanlistir?

0.70

0.46

CpSkI1R7

F ve C sirastyla Fahrenheit ve Celsius
sicaklik degerlerini gostersin. Bu
degerler arasindaki iliski F =

9 5 C+32 ile gosterilmistir. Kag

derecede Fahrenheit ve Celcius
sicaklik degerleri birbirine esit olur?

0.81

0.39

ECp2R12

Bir evin degeri ilk y1l %20 artmus,
sonraki yil %18 azalmigtir. Buna gore,
asagidakilerden hangisi dogrudur?

0.63

0.48

ECp6R18

ExTh3R21

Bir okulda kiz &grencilerin yarisi ve
erkek &grencilerin {igte biri Ingilizce
bilmektedir. Tiim 6grencilerin iigte
ikisi erkek olduguna gore Ingilizce
bilen kiz 6grencilerin Ingilizce bilen
tiim &grencilere orani kagtir?

0.70

0.46

Asagidaki tabloda karbon dioksit(CO5)
emilim ve yayilmasina neden olan
faktorler ve giinlitk miktarlari
verilmistir. Buna gore asagidakilerden
hangisi dogrudur?

0.71

0.45

ECp1R11

Bir gazetenin haberine gore
tiniversitelerin, ekonominin is
verebileceginden %25 daha fazla
mezun verdigi bildirilmistir. Buna gore
asagidakilerden hangi sonucu
cikarabiliriz?

0.58

0.49

EXPLOGINF
Express and infer
logically

LInflR1

“Insanlarin tiimiinii baz1 zaman
kandirabilirsiniz.” ifadesinin mantiksal
olarak olumsuzu asagidakilerden
hangisidir?

0.15

0.38

LInf2R2

“Dersteki tiim 6grenciler birinci
siniftadir.” ifadesinin mantiksal olarak
olumsuzu agagidakilerden hangisidir?

0.15

0.36

MEX1R4

Bir adam elindeki x lira y kurusluk
¢eki bozdurmak isteginde banka
memuru yanlislikla ona y lira x kurus
nakit vermistir. Adam bu parayla k
kurusluk bir gazete aldiginda geri
kalan para gercek ¢ek degerinin 2
katidir. Asagidakilerden hangisi
yukaridaki ifadenin matematiksel
olarak dogru gosterimidir?

0.38

0.49
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Table 87 (continued)

ECp3R13

Yeni a¢ilan bir magaza miisterilerine 0.39
indirim yapmaktadir. Kasiyer %15°lik
indirimin bir malin degerine 6nce

uygulanip daha sonra olusan degerden

%S5°1ik verginin alinacagini, miisteri ise

malin %5°lik vergisi eklendikten sonra

olusan degere %15 indirimin

uygulanmasi gerektigini iddia

etmektedir. Buna gore agagidakilerden

hangisi dogrudur?

0.49

LInf3R3

Hale sokakta ii¢ kisiye rastliyor. 0.23
Bunlarin herbiri her zaman yalan ya da

her zaman dogru sdylemektedir. Bu

kisilerin Hale’ye soyledikleri
asagidadir:

A : 7 Uciimiiz de yalan séyliiyoruz.’
B: “ Sadece aramizdan iki kisi yalan
soyliiyor”

C: “ Benim disindaki ikisi yalan
soyliiyor.”

Bu durumda hangisi/(leri) dogruyu
sOylemektedir?

>

0.42

EC3Riii

Can’nin harflerle adlandirilmis 0.57
odalardan olusan bir labirentten ayni

kapiy1 iki kez kullanmadan gegerek

Giris’ten baslayip Cikis’ta bitirmelidir.

Buna gore asagidaki durumlar igin

dogru(D), yanlig(Y) ya da yeterli bilgi
yok(YBY) seklindeki yanitlardan size

gére en dogru olanini seciniz.

Can M’den gecer.

0.50

EC6R9vi

Can L’den gectiyse K’dan da 0.43
geemistir.

0.50

EC4R%iv

Can O’dan gectiyse F’den degecmistir.  0.85

0.36

EC5R9v

Can K’dan gegctiyse L’den de 0.85
geemistir.

0.36

ECp5R17

Bir kisi giinde 8 saat uyumakta ve 1 0.43
Nisan geceyarisi uyumaya

baslamaktadir. Bu kisi uyandiktan tam

olarak 17 saat sonra tekrar

uyumaktadir. Bu kisi Nisan ay1 i¢inde

hangi giinde yine ilk uyandig: saatte
uyanacaktir?
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APPENDIX |

COEFFICIENTS FOR SURVEY-TEST MODEL
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Figure 34 Basic Structural Model in Standardized Values for Survey-Test Model
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.2 COEFFICIENTS FOR SURVEY-TEST MODEL (cont.d)
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Figure 35 The Basic Structural Model in T-values for Survey-Test model
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APPENDIX J

COEFFICIENTS FOR SURVEY-TESTt MODEL
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Figure 36 Basic Stuctural in Standardized Values for Survey- Testt Model
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J.2 COEFFICIENTS FOR SURVEY-TESTt MODEL (cont’d)
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Figure 37 Basic Stuctural in T Values for Survey-Testt Model

184



APPENDIX K

COEFFICIENTS FOR SURVEYI-TEST MODEL
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Figure 38 Basic Stuctural Model in Standardized Values for Surveyi-Test Model
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Figure 39 Basic Stuctural Model in T Values for Surveyi - Test (N=431)
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APPENDIX L

COEFFICIENTS FOR SURVEYIi-TEST MODEL FOR
ANKARA
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Figure 40 Standardized Basic Stuctural Surveyi-Test Model for Ankara region
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Figure 41Basic Stuctural Surveyi-Test Model in T Values for Ankara region
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APPENDIX M

COEFFICIENTS FOR SURVEYI-TEST MODEL FOR NORTH

CYPRUS
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Figure 42 Standardized Basic Stuctural Surveyi-Test Model for Northern Cyprus
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APPENDIX N

STRUCTURAL REGRESSION EQUATIONS FOR MODELS

Structural Equations

EXINFLOG = 0.791*EXPEXTCM - 0.123*MEANORT + 0.0910%*MOT + 0.0933%SURAPP - 0,0£19%0DISORSTD + 0.0&652*MSEFFIC, Errorwar.= 0,359

,
359 , (0.168] (0.1027 (0.0p&3) (0.0925) (0.0776] (0.0860) (0.121)
1217 4.71E -1.796& 0.3z2¢ 1.00% -0.738 0.758 2. R1 =
R1 = 0.641
EXPEXTCM = 0.204*MEANORT - 0.217*MOT - 0.0&01*SURAPP + 0.142*DISORSTD + 0.214*MSEFFIC, Errorvar.= 0.887 , R1 = 0,112
(0.113) (0.113) (0.103) (0.0875) (0.0987) (0.271)
1.808 —-2.737 -0.582 1.632 2.163 3.z278
Reduced Form Equations
EXIMFLOG = - 0.02Z1*MEAMORT - 0,153*MOT + O0.0458*SURAFPP + 0.0510%DISORSTD + 0.224*MSEFFIC, Errorvar.= 0.%14, R1 = 0.03864
4 (0.1050 (0.102) (0.0998) (0.0826) (0.0955)
-0.z210 -1.561 0.453 0.e17 2.454
EXPEXTCM = 0.204*MEANORT - 0.217*MOT - 0.0&01%SURAPP + 0.142*DISORSTOD + 0.214*MSEFFIC, Errorvar.= 0.887, R1 = 0.1132
(0.113) (0.113) (0.103) (0.0875) (0.0987)
1.808 —-2.737 -0.582 1.632 2.163

Figure 44 Structural Equations of the Survey-Test Model

EXFETCM = 0.L151%MEAMORT - 0.2ZS5*MOT - 0.0378%SURAFF + 0.145%DISORSD + 0.154%MSEFFIC, Errorvar.= 0,515 , R1 = 0.0845
[0.0945) (0.05007) [0.0878) (0.0735) [0.0E04) [0.0741]
z.02E S3.17z2 S0.431 1.973 1.921 12.343
EXINLOG = 0.544%EXPETCM - 0.107*MEANORT + 0.0477%MOT + 0.0452%SURAFF - 0.0437%DISORSD + 0.112*MSEFFIC, Errorvar.= 0 877
. [0.04300 [0.08157 [0.0788) [0.0748) [0.0634] (0. 0831 (0.0538)
EN) 11.115 S1.307 0,806 0. 818 Z0.g30 1.814 12.57 R1

R1 = 0.3232

Reduced Form Egquations

EAPETCM = 0.131*MEANORT - 0,285*MOT - 0.0378%SURAFPP + 0,145*DISORSD + 0.154*MSEFFIC, Errorvar.= 0,315, R1 = 0.0845

[0.0945) (0.05007) [0.0878) (0.0735) [0.0E04)
z.02E S3.17z2 S0.431 1.973 1.921
EXINLOG = - 0.0023Z*MEANORT - O0.108%MOT + 0.02ZEE%SURAPP + 0.0354*0ISORSD + 0.196*MSEFFIC, Errorvar.= 0,948, R1 = 0. 0522
[0.09147 [0.08700 (008547 [0.0713) [0.0783)
Zn.o0zen S1.z3F L300 0.495 L4393

Figure 45 Structural Equations of the Survey-Testt Model

EXINFLOG = 0.773%EXPEXTCM - 0.0940%MEANORTi + 0.0648*MSEFFICT + 0.0289*MOTi - 0.0169*DISORSDT + 0.176%SURAPPY,

= (0.166) (0.0613) (0.0705) (0.0742) (0.0718) (0.0758)
4,708 -1.534 0.919 0.390 -0.235 2.322
Errorvar.= 0.347 , R1 = 0.653
(0.118)
2.947
EXPEXTCM = 0.0888*MEANORTI + 0.190°MSEFFICT - 0.285*MOTi + 0.154*DISORSDY + 0.107*SURAPPi, Errorvar.= 0.879 , R1 = 0.121
(0.0RE5) (008143 (0.0885) [0.0824) (0.0825) (0.270)
1.z297 2.339 -3.218 1.875 1.294 3.260

Eeduced Form Egquations

EXINFLOG = - 0.0248*MEANORT + 0.213*MSEFFICi - 0.193*MOTi + 0.103*DISORSDi + 0.259%SURAPPi, Errorvar.= 0.881, R1 = 0.119
19 (0.0654) (0.0792) (0.0800) (0.0782) (0.0852)
20.379 2.693 Z2.411 1.324 3.041 +
EXPEXTCM = 0.0888*MEANORTi + 0.190°MSEFFICi - 0.285°MOTi + 0.154*DISORSDi + 0.107*SURAPPi, Errarvar.= 0.879, R1 = 0.121
(0.0685) (0.0814) (0.0885) {0.0824) (0.0825)
1.207 2.339 23,218 1.875 1.204

Figure 46 Structural Equations of the Surveyi-Test Model (N=431)
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Structural Eguations

2.784

EXINFLOG = 0.797*EXPEXTCM - 0.137*MEANORTi - 0.0431%MSEFFICi - 0.00650%MOTi + 0.0464%DISORSDi + 0.332%SURAPPI,
= (0.288) (0.12 (0.113) (0.1 .

23 18] [0.111) (0.141)
-1l.122 -0.43¢6 -0.05&2 0.413 2.362
Errorvar.= 0.278% , R1 = 0.722
[0.17&)
1.57&
EXPEXTCM = - 0.0324*MEANORTI + 0.2&€6¥MSEFFICT - 0.358*MOTi + 0.177*DISORSDi + 0.122%SURAPFi, Errorwvar.= 0.543 , R1 = 0.157
157 (0.130) (0.132) (0.142) (0.1282 (0.134) (0.434)
-0.251 2.021 -2.512 1.418 0,210 1.241 R1
Reduced Form Equatians
EXINFLOG = = 0.
7 (o.
-1.
EXPEXTCM = - 0.
34 (o.
-0,

1E3*MEANDORTY + 0.163*MSEFFICT - 0.292*MOTi + 0.187%DISORSDi + 0.429%SURAFFi, Errorvar.= 0.8123, R1 = 0.187
120] [0.116) [0.128] (01200 [0.157]

257 1.402 Zz.318 1.560 z.738
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Figure 47 Structural Equations of the Surveyi-Test Model for Ankara Region

Structural Equations

EXINFLOG = 0.525*EXFEXTCM - 0.0704*MEANORTI + 0.121*MSEFFICi + 0.0461%MOTi + 0.00435%DISORSDi + 0.212%SURAPF,
= (0.330) (0.0943) (0.132) (0.151) (0.120) 0.158)

1.593 -0.742 0.920 0.308 0.0334 1.339
EFrorvar.= 0.648 , R1 = 0.352
(0.609)
1,065
EXFEXTCM = 0.146*MEANDRTi + 0.161*MSEFFICi - 0.203*MOTi + 0.306*DISORSDi + 0.122*SURAFFi, Errorvar.= 0.832 , R1 = 0.168
(0.103) (0.1323) (0.167) (0.162) (0.136) (0.582)
1.420 1.208 -1.220 1.830 0.398 1.429

Reduced Form Equations

EXINFLOG = 0.00603%MEANORTI + 0.206*MSEFFICT - 0.0606%MOTi + 0.165%DISORSDT + 0.276*SURAFPFi, Errorwar.= 0,873, R1 = 0.122
z C

0.0885] [0.1507 [0.143]) [0.1421 [0.177]
0.0894 1.3¢9 Z0.407 1.1&3 1.557
EXPEXTCM = 0.148*MEANORTY + 0.161*MSEFFICT - 0.2034MOTi + 0.306%DISORSD + 0.122%SURAPPi, Errorvar.= 0.832, R1 = 0.168
[0.103) (0.133) (0.187] (0.162] (0.136])
1.4z0 1.z08 “1.zz00 1.830 0.z9s

Figure 48 Structural Equations of the Surveyi-Test Model for Northern Cyprus Region
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APPENDIX O

CUT-OFF CRITERIA FOR FIT INDICES AND THE VALUES

Table 87 Cut-off Criteria for Goodness of Fit Indices

Fit Index Criterion
Chi-Square (x2) . 2
Degrees of Freedom(df) Ratio of y * to df <5
Root Mean Square Error of
Approximation (RMSEA)
Root Mean Square
Residual (RMR)
Standardized Root Mean
Square Residual (S-RMR)
Parsimony Goodness of Fit
Index (PGFI)

Parsimony Normed Fit
Index (PNFI)

Normed Fit Index (NFI)
Non-Normed Fit Index
(NNFI)

Comparative  Fit  Index
(CFI)

Incremental Fit Index (IFI)
Relative Fit Index (RFI)
Goodness of Fit Index
(GFI)

Adjusted Goodness of Fit
Index (AGFI)

<0.05
smaller the better

higher the better

>0.90
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APPENDIX P

FIT INDICES FOR ALL TESTED MODELS

Table 88 Goodness of Fit Indices for All Tested Models

Fit Index Survey- Survey- Survevi-test Survevi-test Survevi-test
test testt (N=431) {(Ankara) (Northem
(N=431)  (N=431) Cyp.)
Chi-Square ( 77 ) 164396 81845 25457 25583 273.19
Degrees of Freedomidy) 1164 503 210 210 210
Foot Mean Square Error of Approx. (EMSEA) 0.029 0.038 0.021 0025 0.039
Foot Mean Square Residual (RME) 0.040 0.067 0.012 0.015 0.019
5td. Root Mean Square Residual (S-EME) 0.052 0.054 0.041 0.036 0.064
Parsimonv Goodness of Fit Index (PGFI) 0.766 0.720 0.724 0.697 0.680
Parsimonv Normed Fit Index (PNFI) 0.806 0.785 0.729 0377 0.510
Normed Fit Index (INFI) 0.883 0.929 0.878 0.695 0.614
Non-Normed Fit Index (NNFI) 0.959 0.966 0.971 0.906 0.833
Comparative Fit Index {CFI) 0.963 0971 0976 0922 0.861
Incremental Fit Index (IFI) 0.963 0971 0.976 0927 0.873
Relative Fit Index (RFI) 0.872 0916 0.833 0.633 0.535
Goodness of Fit Index (GFI) 0.873 0.902 0.952 0917 0.894
Adjusted Goodness of Fit Index (AGFI) 0835 0877 0937 0.890 0.860
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APPENDIX Q

THE SIMPLIS SYNTAX FOR THE CFA OF THE TEST

Confirmatory Factor Analysis of the Test

Observed Variables

LInflR1 LInf2R2 LInf3R3 MEx1R4 MEx2R5 ExTh1R6 CpSklI1R7 CpSkI2R8
EC1R9i EC2R9ii EC3R9iii EC4R9iv EC5R9v EC6R9vi LInf4R10 ECp1R11
ECp2R12 ECp3R13 ExTh2R14 ESInflR15 ECp4R16 ECp5R17 ECp6R18
ECp7R19 VTrth1R2 ExTh3R21 DAp1Q1 DAp2Q2 DAp3Q3 DAp4Q4
RldealQ5 Rldea2Q6 Rldea3Q7 Rldea4Q8 Evid1Q9 Evid2Q10 Evid3Q11
Evid4Q12 IMot1Q13 IMot2Q14 IMot3Q15 IMot4Q16 SAp1Q17 SAp2Q18
SApP3Q19 SAp4Q20 SApP5Q21 SApP6Q22 SBnd1Q23 SBnd2Q24 SBnd3Q25
FFail1Q26 FFail2Q27 FFail3Q28 EMot1Q29 EMot2Q30 EMot3Q31 EMot4Q32
DOSt1Q33 DOSt2Q34 DOSt3Q35 DOSt4Q36 AMot1Q37 AMot2Q38
AMot3Q39 SEff1Q40 SEff2Q41 SEff3Q42 SEff4Q43 PSSt1Q44 PSSt2Q45
PSSt3Q46 PSSt4Q47 PSSt5Q48 PSSt6Q49 PSSt7Q50 PSSt8Q51

Correlation Matrix From File SURVEY-TESTonly.COR

Sample Size 431

Latent Variables: EXINFLOG EXPEXTCMP

Relationships:

ExTh2R14 ECp4R16 CpSkI1R7 ECp2R12 ECp6R18 ECp7R19 ExTh3R21
ECplR11 = EXPEXTCMP

LInf2R2 LInflR1 MEx1R4 ECp3R13 LInf3R3 EC6R9vi EC3R9iii EC5R9v
EC4R9iv ECp5R17 = EXINFLOG

Let the Errors of EC5R9v and EC4R9iv Correlate
Let the Errors of LInf2R2 and LInflR1 Correlate
Let the Errors of EC5R9v and EC4R9iv Correlate
Let the Errors of EC6R9vi and EC3R9iii Correlate
Let the Errors of ECp4R16 and ExTb2R14 Correlate

Number of Decimals = 3

Path Diagram

Method of Estimation: Maximum Likelihood
Admissibility Check =Off

Iterations = 5000

Print Residuals

End of Problem
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APPENDIX R

THE SIMPLIS SYNTAX FOR THE CFA OF THE SURVEY

R.1 Confirmatory Factor Analysis of the Survey

Observed Variables

LInflR1 LInf2R2 LInf3R3 MEX1R4 MEXx2R5 ExTbh1R6 CpSkI1R7 CpSkI2R8
EC1R9i EC2R9ii EC3R9iii EC4R9iv EC5R9v EC6R9vi LInf4R10 ECp1R11
ECp2R12 ECp3R13 ExTh2R14 ESInflR15 ECp4R16 ECp5R17 ECp6R18
ECp7R19 VTrth1R2 ExTh3R21 DAp1Q1 DAp2Q2 DAp3Q3 DAp4Q4
RldealQ5 Rldea2Q6 RIdea3Q7 Rldea4Q8 Evid1Q9 Evid2Q10 Evid3Q11
Evid4Q12 IMot1Q13 IMot2Q14 IMot3Q15 IMot4Q16 SAp1Q17 SAp2Q18
SApP3Q19 SAp4Q20 SApP5Q21 SAp6Q22 SBnd1Q23 SBnd2Q24 SBnd3Q25
FFail1Q26 FFail2Q27 FFail3Q28 EMot1Q29 EMot2Q30 EMot3Q31 EMot4Q32
DOSt1Q33 DOSt2Q34 DOSt3Q35 DOSt4Q36 AMot1Q37 AMot2Q38
AMot3Q39 SEff1Q40 SEff2Q41 SEff3Q42 SEff4Q43 PSSt1Q44 PSSt2Q45
PSSt3Q46 PSSt4Q47 PSSt5Q48 PSSt6Q49 PSSt7Q50 PSSt8Q51

Correlation Matrix From File SURVEY-TESTonly.COR

Sample Size 431

Latent Variables: MEANORT MOT SURAPP DISORSTD MSEFFIC
Relationships:

DAp1Ql DAp2Q2 DAp3Q3 DAp4Q4 RldealQ5 Rldea2Q6 Rldea3Q7
Rldea4Q8 Evid1Q9 Evid2Q10 Evid3Q11 Evid4Q12 SEff3Q42 = MEANORT
SEff1Q40 SEff2Q41 SEff3Q42 SEff4Q43 PSSt1Q44 PSSt2Q45 PSSt8Q51
= MSEFFIC

IMot1Q13 IMot2Q14 IMot4Q16 EMotlQ29 AMot2Q38 SEff2Q41
SEff1Q40 = MOT

DOSt1Q33 DOSt2Q34 DOSt3Q35 DOSt4Q36 = DISORSTD

SAp2Q18 SAp3Q19 SAp4Q20 SAp5Q21 SAp6Q22 = SURAPP

Let the Errors of SAp3Q19 and SAp2Q18 Correlate
Let the Errors of SEff3Q42 and SEff2Q41 Correlate
Let the Errors of DOSt2Q34 and DOSt1Q33 Correlate
Let the Errors of SEff2Q41 and SEff1Q40 Correlate
Let the Errors of SAp4Q20 and SAp3Q19 Correlate
Let the Errors of SEff3Q42 and SEff1Q40 Correlate
Let the Errors of SAp4Q20 and SAp2Q18 Correlate
Let the Errors of RldealQ5 and DAp3Q3 Correlate
Let the Errors of Rldea2Q6 and RldealQ5 Correlate
Let the Errors of Rldea2Q6 and DAp4Q4 Correlate
Let the Errors of Rldead4Q8 and RldealQ5 Correlate
Let the Errors of SEff2Q41 and IMot4Q16 Correlate
Let the Errors of SEff4Q43 and Evid3Q11 Correlate
Let the Errors of SAp4Q20 and Rldea2Q6 Correlate
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R.1 Confirmatory Factor Analysis of the Survey (cont’d)

Let the Errors of SAp5Q21 and SAp3Q19 Correlate
Let the Errors of SSEff2Q41 and Evid3Q11 Correlate
Let the Errors of SAp5Q21 and SAp4Q20 Correlate
Let the Errors of SEff2Q41 and Evid3Q11 Correlate
Let the Errors of PSSt1Q44 and SEff2Q41 Correlate
Let the Errors of SEff4Q43 and SAp4Q20 Correlate
Let the Errors of PSSt1Q44 and IMot2Q14 Correlate
Let the Errors of DAp3Q3 and DAp1QL1 Correlate
Let the Errors of PSSt8Q51 and DAp1Q1 Correlate
Let the Errors of Evid1Q9 and Rldea4Q8 Correlate
Let the Errors of Evid4Q12 and Evid2Q10 Correlate
Let the Errors of AMot2Q38 and DAp3Q3 Correlate
Let the Errors of Evid2Q10 and Evid1Q9 Correlate
Let the Errors of Evid4Q12 and Evid3Q11 Correlate
Let the Errors of Evid3Q11 and Evid2Q10 Correlate
Let the Errors of EMot1Q29 and IMot1Q13 Correlate
Let the Errors of Evid4Q12 and Evid1Q9 Correlate
Let the Errors of SEff1Q40 and Evid3Q11 Correlate
Let the Errors of AMot2Q38 and Evid3Q11 Correlate
Let the Errors of PSSt8Q51 and DOSt4Q36 Correlate
Let the Errors of AMot2Q38 and EMot1Q29 Correlate

Number of Decimals = 3

Path Diagram

Method of Estimation: Maximum Likelihood
Admissibility Check =Off

Iterations = 5000

Print Residuals

End of Problem
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APPENDIX S

SIMPLIX SYNTAX FOR SURVEY-TEST MODEL

S.1 Structural Equation Modeling of the Survey -Test Model

Observed Variables

LInflR1 LInf2R2 LInf3R3 MEx1R4 MEXx2R5 ExTh1R6 CpSkI1R7 CpSkI2R8
EC1R9i EC2R9ii EC3R9iii EC4R9iv EC5R9v EC6R9vi LInf4R10 ECp1R11
ECp2R12 ECp3R13 ExTh2R14 ESInflR15 ECp4R16 ECp5R17 ECp6R18
ECp7R19 VTrth1R2 ExTh3R21 DAp1Q1 DAp2Q2 DAp3Q3 DAp4Q4
RldealQ5 Rldea2Q6 Rldea3Q7 Rldea4Q8 Evid1Q9 Evid2Q10 Evid3Q11
Evid4Q12 IMot1Q13 IMot2Q14 IMot3Q15 IMot4Q16 SAp1Q17 SAp2Q18
SAp3Q19 SAp4Q20 SAp5Q21 SAp6Q22 SBnd1Q23 SBnd2Q24 SBnd3Q25
FFail1Q26 FFail2Q27 FFail3Q28 EMot1Q29 EMot2Q30 EMot3Q31 EMot4Q32
DOSt1Q33 DOSt2Q34 DOSt3Q35 DOSt4Q36 AMot1Q37 AMot2Q38
AMot3Q39 SEff1Q40 SEff2Q41 SEff3Q42 SEff4Q43 PSSt1Q44 PSSt2Q45
PSSt3Q46 PSSt4Q47 PSSt5Q48 PSSt6Q49 PSSt7Q50 PSSt8Q51

Covariance Matrix From File SURVEY-TESTonly.COV

Sample Size 431

Latent Variables: MEANORT MOT SURAPP DISORSTD MSEFFIC
EXINFLOG EXPEXTCMP

Relationships:

DAp1Q1 DAp2Q2 DAp3Q3 DAp4Q4 RldealQ5 RIdea2Q6 Rldea3Q7
RIdead4Q8 Evid1Q9 Evid2Q10 Evid3Q1l Evid4Q12 SEff3Q42 = MEANORT
SEff1Q40 SEff2Q41 SEff3Q42 SEff4Q43 PSSt1Q44 PSSt2Q45 PSSt8Q51
= MSEFFIC

IMot1Q13 IMot2Q14 IMot4Q16 EMotlQ29 AMot2Q38 SEff2Q41
SEff1Q40 = MOT

DOSt1Q33 DOSt2Q34 DOSt3Q35 DOSt4Q36 = DISORSTD

SAp2Q18 SAp3Q19 SAp4Q20 SAp5Q21 SAp6Q22 DOStLQ33 = SURAPP
ExTb2R14 ECp4R16 CpSkI1R7 ECp2R12 ECp6R18 ECp7R19 ExTh3R21
ECp1R11 = EXPEXTCMP

LInf2R2 LInfIR1 MEx1R4 ECp3R13 LInf3R3 EC6R9vi EC3R9iii EC5R9vV
EC4R9iv ECp5R17 = EXINFLOG

EXINFLOG = MEANORT MOT SURAPP DISORSTD MSEFFIC
EXPEXTCMP = MEANORT MOT SURAPP DISORSTD MSEFFIC
EXPEXTCM = EXINFLOG

Let the Errors of EC5R9v and EC4R9iv Correlate
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S.1 Structural Equation Modeling of the Survey -Test Model (cont’d)
Let the Errors of LInf2R2 and LInf1R1 Correlate

Let the Errors of EC5R9v and EC4R09iv Correlate

Let the Errors of EC6R9vi and EC3ROiii Correlate

Let the Errors of ECp4R16 and ExTh2R14 Correlate

Let the Errors of SEff2Q41 and SEff1Q40 Correlate

Let the Errors of SEff3Q42 and SEff2Q41 Correlate

Let the Errors of SEff3Q42 and SEff1Q40 Correlate

Let the Errors of
Let the Errors of
Let the Errors of
Let the Errors of
Let the Errors of
Let the Errors of
Let the Errors of
Let the Errors of
Let the Errors of
Let the Errors of
Let the Errors of
Let the Errors of
Let the Errors of
Let the Errors of
Let the Errors of
Let the Errors of
Let the Errors of
Let the Errors of
Let the Errors of
Let the Errors of
Let the Errors of
Let the Errors of
Let the Errors of
Let the Errors of
Let the Errors of
Let the Errors of
Let the Errors of
Let the Errors of
Let the Errors of

RldealQ5 and DAp3Q3 Correlate
Rldea2Q6 and DAp4Q4 Correlate
Rldea2Q6 and RidealQ5 Correlate
Evid2Q10 and Evid1Q9 Correlate
Evid3Q11 and Evid2Q10 Correlate
PSSt1Q44 and SEff2Q41 Correlate
SEff2Q41 and IMot4Q16 Correlate
SEff4Q43 and Evid3Q11 Correlate
Evid4Q12 and Evid3Q11 Correlate
Rldea4Q8 and RldealQ5 Correlate
Evid1Q9 and Rldea4Q8 Correlate
Evid4Q12 and Evid2Q10 Correlate
SEff4Q43 and SAp4Q20 Correlate
PSSt1Q44 and IMot2Q14 Correlate
SSEff2Q41 and Evid3Q11 Correlate
PSSt8Q51 and DAp1Q1 Correlate
Evid4Q12 and Evid1Q9 Correlate
PSSt8Q51 and DOSt4Q36 Correlate
SEff2Q41 and Evid3Q11 Correlate
SEff1Q40 and Evid3Q11 Correlate
AMot2Q38 and DAp3Q3 Correlate
AMot2Q38 and Evid3Q11 Correlate
SAp3Q19 and SAp2Q18 Correlate
DOSt2Q34 and DOSt1Q33 Correlate
SAp4Q20 and SAp3Q19 Correlate
SAp4Q20 and SAp2Q18 Correlate
SAp5Q21 and SAp4Q20 Correlate
SAp4Q20 and Rldea2Q6 Correlate
SAp5Q21 and SAp3Q19 Correlate

Number of Decimals = 3

Path Diagram

Method of Estimation: Maximum Likelihood
Admissibility Check =Off

Iterations = 5000
Print Residuals
End of Problem
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APPENDIX T

SIMPLIX SYNTAX FOR THE SURVEY-TESTt MODEL

T.1 SEM for SURVEY-TESTt Model

Observed Variables

DAp1Q1 DAp2Q2 DAp3Q3 DAp4Q4 RldealQ5 Ridea2Q6 Rldea3Q7
Rldead4Q8 Evid1Q9 Evid2Q10 Evid3Q11 Evid4Q12 IMot1Q13 IMot2Q14
IMot3Q15 IMot4Q16 SAp1Q17 SAp2Q18 SAp3Q19 SAp4Q20 SAp5Q21
SAp6Q22 SBnd1Q23 SBnd2Q24 SBnd3Q25 FFail1Q26 FFail2Q27 FFail3Q28
EMot1Q29 EMot2Q30 EMot3Q31 EMot4Q32 DOSt1Q33 DOSt2Q34
DOSt3Q35 DOSt4Q36 AMot1Q37 AMot2Q38 AMot3Q39 SEff1Q40 SEff2Q41
SEff3Q42 SEff4Q43 PSSt1Q44 PSSt2Q45 PSSt3Q46 PSSt4Q47 PSSt5Q48
PSSt6Q49 PSSt7Q50 PSSt8Q51 EXPETCMt EXINLOGt

Covariance Matrix From File TESTt-SURVEY.COV

Sample Size 431

Latent VVariables: MEANORT MOT SURAPP DISORSD MSEFFIC
EXPETCM EXINLOG

Relationships:

DAp1Q1 DAp2Q2 DAp3Q3 DAp4Q4 RldealQ5 Rldea2Q6 Rldea3Q7
Rldea4Q8 Evid1Q9 Evid2Q10 Evid3Q11 Evid4Q12 SEff3Q42 = MEANORT
SEff1Q40 SEff2Q41 SEff3Q42 SEff4Q43 PSSt1Q44 PSSt2Q45 PSSt8Q51
= MSEFFIC

IMot1Q13 IMot2Q14 IMot4Q16 EMotlQ29 AMot2Q38 SEff2Q41
SEff1Q40 = MOT

DOSt1Q33 DOSt2Q34 DOSt3Q35 DOSt4Q36 = DISORSD

SAp2Q18 SAp3Q19 SAp4Q20 SAp5Q21 SApP6Q22 DOSt1Q33 = SURAPP

EXPETCMt = EXPETCM

EXINLOGt = EXINLOG

EXINLOG = MEANORT MOT SURAPP DISORSD MSEFFIC
EXPETCM = MEANORT MOT SURAPP DISORSD MSEFFIC
EXPETCM = EXINLOG

Set the Error Variance of EXPETCMt to 0.343

Set the Error Variance of EXINLOGt to 0.349

Let the Errors of SAp3Q19 and SAp2Q18 Correlate
Let the Errors of SEff3Q42 and SEff2Q41 Correlate
Let the Errors of DOSt2Q34 and DOSt1Q33 Correlate
Let the Errors of SEff2Q41 and SEff1Q40 Correlate
Let the Errors of SAp4Q20 and SAp3Q19 Correlate
Let the Errors of SEff3Q42 and SEff1Q40 Correlate
Let the Errors of SAp4Q20 and SAp2Q18 Correlate
Let the Errors of RldealQ5 and DAp3Q3 Correlate
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T.1 SEM for SURVEY-TESTt Model (cont’d)

Let the Errors of Rldea2Q6 and RldealQ5 Correlate
Let the Errors of Rldea2Q6 and DAp4Q4 Correlate
Let the Errors of Rldea4Q8 and RldealQ5 Correlate
Let the Errors of SEff2Q41 and IMot4Q16 Correlate
Let the Errors of SEff4Q43 and Evid3Q11 Correlate
Let the Errors of SAp4Q20 and Rldea2Q6 Correlate
Let the Errors of SAp5Q21 and SAp3Q19 Correlate
Let the Errors of SSEff2Q41 and Evid3Q11 Correlate
Let the Errors of SAp5Q21 and SAp4Q20 Correlate
Let the Errors of SEff2Q41 and Evid3Q11 Correlate
Let the Errors of PSSt1Q44 and SEff2Q41 Correlate
Let the Errors of SEff4Q43 and SAp4Q20 Correlate
Let the Errors of PSSt1Q44 and IMot2Q14 Correlate
Let the Errors of DAp3Q3 and DAp1Q1 Correlate
Let the Errors of PSSt8Q51 and DAp1Q1 Correlate
Let the Errors of Evid1Q9 and Rldea4Q8 Correlate
Let the Errors of Evid4Q12 and Evid2Q10 Correlate
Let the Errors of AMot2Q38 and DAp3Q3 Correlate
Let the Errors of Evid2Q10 and Evid1Q9 Correlate
Let the Errors of Evid4Q12 and Evid3Q11 Correlate
Let the Errors of Evid3Q11 and Evid2Q10 Correlate
Let the Errors of EMot1Q29 and IMot1Q13 Correlate
Let the Errors of Evid4Q12 and Evid1Q9 Correlate
Let the Errors of SEff1Q40 and Evid3Q11 Correlate
Let the Errors of AMot2Q38 and Evid3Q11 Correlate
Let the Errors of PSSt8Q51 and DOSt4Q36 Correlate
Let the Errors of AMot2Q38 and EMot1Q29 Correlate

Number of Decimals = 3

Path Diagram

Method of Estimation: Maximum Likelihood
Admissibility Check =Off

Iterations = 5000

Print Residuals

End of Problem
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APPENDIX U

SIMPLIX SYNTAX FOR SURVEYIi-TEST SEM MODEL

Structural Equation Modeling of the Surveyi-Test Model

Observed Variables

LInflR1 LInf2R2 LInf3R3 MEX1R4 MEXx2R5 ExTbh1R6 CpSkI1R7 CpSkl2R8
EC1R9i EC2R9ii EC3RV9iii EC4R9iv EC5R9v EC6R9vi LInf4R10 ECpl1R11
ECp2R12 ECp3R13 ExTh2R14 ESInflR15 ECp4R16 ECp5R17 ECp6R18
ECp7R19 VTrthl1R2 ExTh3R21

MEANORTI MSEFFICi MOTi DISORSDi SURAPPI

Covariance Matrix From File TEST-SURVEYi.COV

Sample Size 431

Latent Variables: EXINFLOG EXPEXTCMP

Relationships:

ExTb2R14 ECp4R16 CpSkI1R7 ECp2R12 ECp6R18 ECp7R19 EXTh3R21
ECplR11 = EXPEXTCMP

LInf2R2 LInflR1 MEx1R4 ECp3R13 LInf3R3 EC6R9vi EC3R9iii EC5R9v
EC4R9iv ECp5R17 = EXINFLOG

EXINFLOG = MEANORTiI MOTi SURAPPi DISORSDi MSEFFICi
EXPEXTCMP = MEANORTI MOTi SURAPPi DISORSDi MSEFFICi
EXINFLOG = EXPEXTCMP

Set the Error Variance of MEANORTI to 0.131

Set the Error Variance of MSEFFICi to 0.238

Set the Error Variance of MOTi to 0.255

Set the Error Variance of DISORSDi to 0.263

Set the Error Variance of SURAPPI to 0.279

Let the Errors of LInf2R2 and LInf1R1 correlate

Let the Errors of EC5R9v and EC4R09iv correlate

Let the Errors of EC6R9vi and EC3R9iii correlate

Let the Errors of ECp4R16 and ExTb2R14 correlate

Number of Decimals = 3

Path Diagram

Method of Estimation: Maximum Likelihood

Admissibility Check =Off

Iterations = 5000

Print Residuals

End of Problem
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APPENDIX V

SIMPLIX SYNTAX OF SURVEYIi-TEST FOR ANKARA

Observed Variables

LInflR1 LInf2R2 LInf3R3 MEx1R4 MEx2R5 ExTh1R6 CpSklI1R7 CpSkI2R8
EC1R9i EC2R9ii EC3R9iii EC4R9iv EC5R9v EC6R9vi LInf4R10 ECp1R11
ECp2R12 ECp3R13 ExTh2R14 ESInflR15 ECp4R16 ECp5R17 ECp6R18
ECp7R19 VTrthlR2 ExTh3R21

MEANORTI MSEFFICi MOTi DISORSDi SURAPPI

Covariance Matrix From File surveyi-testank.COV

Sample Size 231

Latent Variables: EXINFLOG EXPEXTCMP

Relationships:

ExTb2R14 ECp4R16 CpSklI1R7 ECp2R12 ECp6R18 ECp7R19 ExTh3R21
ECplR11 = EXPEXTCMP

LInf2R2 LInflR1 MEx1R4 ECp3R13 LInf3R3 EC6R9vi EC3R9iii EC5R9v
EC4R9iv ECp5R17 = EXINFLOG

EXINFLOG = EXPEXTCMP MEANORTI MOTi SURAPPi DISORSDi
MSEFFICi

EXPEXTCMP = MEANORTI MOTi SURAPPi DISORSDi MSEFFICi
Set the Error Variance of MEANORTI to 0.131

Set the Error Variance of MSEFFICi to 0.238

Set the Error Variance of MOTi to 0.255

Set the Error Variance of DISORSD:i to 0.263

Set the Error Variance of SURAPPI to 0.279

Let the Errors of LInf2R2 and LInf1R1 correlate

Let the Errors of EC5R9v and EC4R9iv correlate

Let the Errors of EC6R9vi and EC3R9iii correlate

Let the Errors of ECp4R16 and ExTb2R14 correlate

Number of Decimals = 3

Path Diagram

Method of Estimation: Maximum Likelihood

Admissibility Check =Off

Iterations = 5000

Print Residuals

LISREL Output: RS MI SC EF WP

End of Problem
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APPENDIX W

SIMPLIX SURVEYIi-TEST MODEL FOR NORTH. CYPRUS

Observed Variables

LInflR1 LInf2R2 LInf3R3 MEx1R4 MEx2R5 ExTh1R6 CpSklI1R7 CpSkI2R8
EC1R9i EC2R9ii EC3R9iii EC4R9iv EC5R9v EC6R9vi LInf4R10 ECp1R11
ECp2R12 ECp3R13 ExTh2R14 ESInflR15 ECp4R16 ECp5R17 ECp6R18
ECp7R19 VTrthlR2 ExTh3R21

MEANORTI MSEFFICi MOTi DISORSDi SURAPPI

Covariance Matrix From File surveyi-testNC.COV

Sample Size 200

Latent Variables: EXINFLOG EXPEXTCMP

Relationships:

ExTb2R14 ECp4R16 CpSklI1R7 ECp2R12 ECp6R18 ECp7R19 ExTh3R21
ECplR11 = EXPEXTCMP

LInf2R2 LInflR1 MEx1R4 ECp3R13 LInf3R3 EC6R9vi EC3R9iii EC5R9v
EC4R9iv ECp5R17 = EXINFLOG

EXINFLOG = EXPEXTCMP MEANORTI MOTi SURAPPi DISORSDi
MSEFFICi

EXPEXTCMP = MEANORTI MOTi SURAPPi DISORSDi MSEFFICi
Set the Error Variance of MEANORTI to 0.131

Set the Error Variance of MSEFFICi to 0.238

Set the Error Variance of MOTi to 0.255

Set the Error Variance of DISORSD:i to 0.263

Set the Error Variance of SURAPPI to 0.279

Let the Errors of LInf2R2 and LInf1R1 correlate

Let the Errors of EC5R9v and EC4R9iv correlate

Let the Errors of EC6R9vi and EC3R9iii correlate

Let the Errors of ECp4R16 and ExTb2R14 correlate

Number of Decimals = 3

Path Diagram

Method of Estimation: Maximum Likelihood

Admissibility Check =Off

Iterations = 5000

Print Residuals

End of Problem
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APPENDIX X

SUMMARY STATISTICS

X.1 SUMMARY STATISTICS OF FITTED, STANDARDIZED RESIDUALS,
STEAM-LEAF AND Q PLOTS OF RESIDUALS FOR CFA OF TEST
Summary Statistics for Fitted Residuals
Smallest Fitted Residual = -0.101
Median Fitted Residual = 0.000
Largest Fitted Residual = 0.126
Stemleaf Plot
-101
-90
- 8|95
- 7|18200
- 6/2200
- 5|8764410
- 4|75553320
- 3|999753220
- 2|19986443200
- 1|8764433331100
- 0]98887766444100000000000000000000000000
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8|0113577
9|01
10|
11
12|06
Summary Statistics for Standardized Residuals
Smallest Standardized Residual = -3.176
Median Standardized Residual = 0.000
Largest Standardized Residual = 2.926
Stemleaf Plot
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- 2421000
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X.1 SUMMARY STATISTICS OF FITTED, STANDARDIZED RESIDUALS,
STEAM-LEAF AND Q PLOTS OF RESIDUALS FOR CFA OF TEST (cont’d)

Largest Negative Standardized Residuals
Residual for ECp7R19 and ECp2R12 -3.176
Largest Positive Standardized Residuals
Residual for ECp2R12 and ECpl1R11 2.609
Residual for ExXTh2R14 and EC5R9v 2.727
Residual for ECp4R16 and EC5R9v 2.926

gplot of standardized Residuals
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Figure 49 Q-plot of Standardized Residuals of the Test Model
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X.2 SUMMARY STATISTICS OF CFA OF THE SURVEY

Summary Statistics for Fitted Residuals

Smallest Fitted Residual = -0.216

Median Fitted Residual = 0.004

Largest Fitted Residual = 0.176

Stemleaf Plot
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- 2|9998888777766655554444443333321110099987766555555443333211000

- 0]999888777666655555443222000099988888877666665554444444444433333332222111+20
0]111111112222233334444444455555666666777788888899990000111111111222233333+24
2|00012222333333445566777777888899999900000011112233344444566666777788889999
4/0000000001111223344455566777888900112222333445555667788999
6]000111156667888990111122345567777889
8|0122333001348
100112900259
12]04551235789
14|89
16|36

Summary Statistics for Standardized Residuals

Smallest Standardized Residual = -4.932

Median Standardized Residual = 0.172

Largest Standardized Residual = 4.083

Stemleaf Plot
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2|000000011111111122223344444
2|555556677788999
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X.2 SUMMARY STATISTICS OF CFA OF THE SURVEY (cont’d)

Largest Negative Standardized Residuals
Residual for SEff1Q40 and DOSt2Q34 -4.932
Residual for SEff1Q40 and DOSt4Q36 -3.921
Residual for Evid4Q12 and DAp3Q3 -3.804
Largest Positive Standardized Residuals
Residual for DOSt1Q33 and SAp6Q22 4.083
Residual for PSSt8Q51 and Evid2Q10 4.013
Residual for SEff3Q42 and EMot1Q29 3.672

gplot of standardized Residuals
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Figure 50 Q Plot of the Survey in CFA
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X3. SUMMARY STATISTICS OF FITTED, STANDARDIZED AND STEAM-LEAF, Q
PLOTS OF RESIDUALS FOR STRUCTURAL EQUATION MODELING OF SURVEY-TEST
MODEL
Smallest Fitted Residual = -0.260
Median Fitted Residual = 0.001
Largest Fitted Residual = 0.168
Stemleaf Plot
-26|0
-24|
-22|
-20]
-18|52
-16|755
-14/6
-12|255311
-10|974109876321
- 8|7766443109885544310
- 6/88776655432299886665332110
- 4|88888888777665555544222110009999988877666655555555544444333222221100
- 2|999988888777777766666665554444333332222222111111000000999999888888777777+78
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Summary Statistics for Standardized Residuals
Smallest Standardized Residual = -4.786
Median Standardized Residual = 0.059
Largest Standardized Residual = 4.000
Stemleaf Plot
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X3. SUMMARY STATISTICS OF SURVEY-TEST MODEL( cont’d)
Largest Negative Standardized Residuals

Residual for SEff1Q40 and DOSt2Q34 -4.786

Residual for EMot1Q29 and ECp2R12 -4.081

Residual for Evid4Q12 and DAp3Q3 -4.001

Residual for SEff1Q40 and DOSt4Q36 -3.737

Largest Positive Standardized Residuals

Residual for PSSt8Q51 and Evid2Q10 4.000

Residual for IMot4Q16 and Evid4Q12 3.652

oplot of standardized resdiduals
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Figure 51 Q-plot of Standardized Residuals for SEM
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X4, SUMMARY STATISTICS OF FITTED, STANDARDIZED AND STEAM-LEAF, Q
PLOTS OF RESIDUALS FOR STRUCTURAL EQUATION MODELING OF SURVEY-TESTt
MODEL
Summary Statistics for Fitted Residuals
Smallest Fitted Residual = -0.311
Median Fitted Residual = 0.002
Largest Fitted Residual = 0.362
Stemleaf Plot
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Summary Statistics for Standardized Residuals
Smallest Standardized Residual = -4.816
Median Standardized Residual = 0.078
Largest Standardized Residual = 4.004
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Largest Negative Standardized Residuals
Residual for SEff1Q40 and DOSt2Q34 -4.816
Residual for SEff1Q40 and DOSt1Q33 -3.885
Residual for Evid4Q12 and DAp3Q3 -3.804
Largest Positive Standardized Residuals
Residual for PSSt8Q51 and Evid2Q10 4.004
Residual for Evid2Q10 and EXPETCMt 3.713
Residual for SEff3Q42 and EMot1Q29 3.619

208



X4. SUMMARY STATISTICS OF SURVEY-TESTt MODEL (cont’d)

Qplot of Standardized Residuals
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Figure 52 Q-plot of Standardized Residuals for SEM
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X5. SUMMARY STATISTICS OF SURVEYIi-TEST MODEL
Summary Statistics for Fitted Residuals
Smallest Fitted Residual = -0.038
Median Fitted Residual = 0.000
Largest Fitted Residual = 0.052
Stemleaf Plot
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Summary Statistics for Standardized Residuals
Smallest Standardized Residual = -3.185
Median Standardized Residual = 0.000
Largest Standardized Residual = 2.932
Stemleaf Plot
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Largest Negative Standardized Residuals
Residual for ECp7R19 and ECp2R12 -3.185
Largest Positive Standardized Residuals
Residual for ECp2R12 and ECplR11 2.710
Residual for ExTb2R14 and EC5R9v 2.678
Residual for ECp4R16 and EC5R9v 2.932
Residual for MEANORTI and EC4R9iv 2.819
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X5. SUMMARY STATISTICS OF SURVEYI-TEST MODEL (cont’d)
aplot of standardized Residuals
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Figure 53 Q-plot of Standardized Residuals for Surveyi-Test Model
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X6. SUMMARY STATISTICS OF FITTED, STANDARDIZED AND STEAM-LEAF, Q
PLOTS OF RESIDUALS FOR STRUCTURAL EQUATION MODELING OF SURVEYI-TEST
MODEL FOR ANKARA SAMPLE

Summary Statistics for Fitted Residuals

Smallest Fitted Residual = -0.043

Median Fitted Residual = 0.000

Largest Fitted Residual = 0.072
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Summary Statistics for Standardized Residuals
Smallest Standardized Residual = -2.422
Median Standardized Residual = 0.000
Largest Standardized Residual = 3.433
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Largest Positive Standardized Residuals
Residual for ECp6R18 and CpSkI1R7 3.233
Residual for ECp7R19 and ECp4R16 3.433

Residual for ExXTb3R21 and ECp5R17 2.946

Qplot of standardized Residuals
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Figure 54 Q-plot of Standardized Residuals of Surveyi-Test model for Ankara
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X7. SUMMARY STATISTICS OF SURVEYIi-TEST MODEL FOR NORTHERN CYPRUS
Summary Statistics for Fitted Residuals

Smallest Fitted Residual = -0.078

Median Fitted Residual = 0.000

Largest Fitted Residual = 0.068
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Summary Statistics for Standardized Residuals
Smallest Standardized Residual = -2.926
Median Standardized Residual = 0.000
Largest Standardized Residual = 3.347
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Largest Negative Standardized Residuals
Residual for ECp7R19 and ECp2R12 -2.818
Residual for DISORSDi and ECp4R16 -2.926
Largest Positive Standardized Residuals
Residual for ECp4R16 and EC5R9v 3.347

Residual for ECp5R17 and EC6R9vi 2.932

Qplot of Standardized Residuals
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Figure 55 Q-plot of Std. Residuals of surveyi-test model for North. Cyprus
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