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ABSTRACT

THE EFFECTS OF PROBLEM SOLVING APPROACHES ON STUDENTS’
PERFORMANCE AND SELF-REGULATED LEARNING IN
MATHEMATICS

Polat, Zeynep Sonay

Ph.D., Department of Secondary Science and Mathematics Education

Supervisor: Assoc. Prof. Dr. Safure Bulut
December 2009, 171 pages

The main purpose of this study was to investigate the effects of problem
solving approaches on pre-service elementary teachers’ basic mathematics
achievement, problem- solving performance and their self regulated learning.

The study was conducted as quasi - experimental design with 110
elementary school pre-service teachers at a public university in Central Anatolia
Region in the 2007-2008 academic year during the second semester. The time
duration of the study was 12 weeks. Experimental group was instructed by
questioning problem solving approach while control group was instructed by
traditional problem solving approach.

The data were collected through Basic Mathematics Achievement Test,
Mathematical Problem Solving Test, Motivated Strategies for Learning
Questionnaire, Treatment Evaluation Form, interviews and observation
checklists.

The quantitative data was analyzed using multivariate analysis of
covariance. The results revealed that questioning problem solving approach had a
statistically significant effect on pre-service elementary school teachers’ basic
mathematics achievement, problem solving performance, task value, and control
of learning beliefs, metacognitive self-regulation and effort regulation. However,
there was no statistically significant mean difference between the experimental

and control group in terms of intrinsic and extrinsic goal orientation, self-efficacy



for learning and performance, test anxiety, rehersal, elaboration, organisation,
critical thinking, time and study environment management, peer learning and
help seeking.

In addition the interview results showed that questioning problem solving
approach had developed pre-service teachers’ skills on Polya’s problem solving
phase which were devising a plan and looking back. The common opinions
among the students about the qustioning problem solving approach that
questioning problem solving approach improved their problem solving skills and
they learned new ways of solution through class discussions. Moreover, they
implied that they learned to think differently.

Keywords: Mathematics education, problem solving, questioning problem
solving, self-regulated learning, basic mathematics achievement, problem-solving

performance.
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PROBLEM COZME YAKLASIMLARININ OGRENCILERININ
MATEMATIKTE PERFORMANSLARINA VE OZ DUZENLEMEYE
DAYALI OGRENMELERINE ETKISI

Polat, Zeynep Sonay
Doktora, Orta Ogretim Fen ve Matematik Alanlar1 Egitimi Boliimii

Tez Yoneticisi: Dog. Dr. Safure Bulut
Aralik 2009, 171 sayfa

Bu c¢alismanin amaci, problem ¢6zme yaklasimlarinin smif 6gretmeni
adaylarinin, temel matematik basarilarina, problem ¢6zme performanslarina ve 6z
diizenlemeye dayali 6grenmelerini arastirmaktir.

Calisma, yar1 deneysel g¢alisma olarak 2007-2008 o6gretim yili ikinci
yartyillinda I¢ Anadolu Bolgesindeki bir devlet iiniversitesinde 110 smf
O0gretmeni aday1 ile gerceklestirilmistir. Calisma 12 hafta slirmiistiir. Deney
grubuna sorgulayan problem ¢6zme yaklasimi ile ders islenirken, kontrol
grubunda geleneksel problem ¢6zme yaklasimi ile ders islenmistir.

Veriler, Temel Matematik Basar1 Testi, Matematiksel Problem Cozme
Testi, Ogrenmede Motive Edici Stratejiler Olgegi, miilakatlar, Uygulama
Degerlendirme Formu ve Gozlem Formu ile toplanmaistir.

Nicel wveriler ¢ok yonlii varyans analizi kullanilarak analiz edilmistir.
Sonuglar, sorgulayict problem ¢ézme yaklasiminin 6gretmen adaylarinin temel
matematik basarilarina, problem ¢6zme performanslarina, konu degeri, 6grenme
inang¢larii kontrol, bilis {istii 6z diizenleme ve ¢aba diizenlemesi degiskelerinde
istatistiksel olarak anlamli bir etkisi oldugunu gostermistir. Fakat gruplar
arasinda, i¢ ve dis hedef yonlendirme, 6grenme ve performansa dayali 6z
yeterlik, test kaygisi, tekrar, ayrintilandirma, diizenleme ,elestirel diisiinme,
zaman ve calisma ortamini diizenleme, arkadastan O6grenme ve yardim alma

degiskenlerin ortalamalar1 arasinda istatistiksel olarak  anlamli bir fark

Vi



bulunmamistir. Ayrica, goriisme sonuglart sorgulayan problem ¢dzme
yaklagiminin 6gretmen adaylarinin Polya’ nin problem ¢dzme asamalarindan
plan1 uygulama ve kontrol asamalarinda problem ¢dzme becerilerinin gelistigini
gostermigtir. Ogretmen adaylarmin problem ¢dzme yaklagmmiyla ilgili ortak
goriigleri; sorgulayici problem ¢ézmenin problem ¢dzme becerilerini gelistirdigi
ve smif i¢i tartismalarla yeni ¢oziim yollar1 6grendikleri yoniindedir. Ayrica farkl

sekilde diisiinebilmeyi 6grendiklerini ifade etmislerdir.

Anahtar Kelimeler: Matematik egitimi, problem ¢6zme, sorgulayici
problem ¢b6zme, 6z diizenlenemeye dayali 6grenme, temel matematik basarisi,

problem ¢6zme performansi.
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CHAPTER 1

INTRODUCTION

Mathematics is a major part of all areas of daily life, affecting functioning
on the job, in school, at home, and in the social community as a whole. Both
children and adults confront mathematical problems in their daily lives, as a
customer, citizen and worker (Rey et al, 2007).

Increasingly evidence suggests that higher levels of mathematical and
technical skills are needed for the majority of jobs in this digital age. As such, we
should expect more from our students, not just those planning to pursue higher
education, but to ensure that the students we train today have sufficient skills to
meet the challenges of this century. Ministry of National Education (MoNE,
2005a) reported that higher mathematical achievement of students is a necessary
tool for our national economy and social life. In order to achieve and move
forward in this century, our nation needs working people who are mathematically
literate, can solve various kinds of problems, think reasonably and can make
decisions when needed. As of now, education in mathematics aims to raise
individuals who not only know mathematics but also are able to practice the
knowledge he/she has, and problem solving (Umay, 2007). The information
society of the 21% century requires individuals to go beyond their essential skills
and acquire “new competences” which is dwelled on in different works in
literature (Altun & Sezgin-Memnun, 2008, MoNE, 2005a; Schoenfeld, 1985).
One of these is problem solving. Since problem solving is also a scientific
method, it requires the use of critical, creative and reflective thinking, analytical
and synthetical skills (Posamentier & Krulick, 1998), left its mark on the current
age has a place among the objectives of all courses.

Initially, success in mathematics will stimulate numerous positive

developments in various areas of society. Individuals, who like maths are able to



think logically, are aware of their learning and are able to develop suitable
learning strategies where necessary, and are able to play an important role in the
advancement of society (MoNE, 2005a). This is only possible by providing
education in this field in order to render individuals approaching the problems
they face in their everyday life with different and effective methods of solution.
The problem solving approach is the most effective one that can be used to
develop these skills (MoNE, 2005a).

The central issue of problem solving in a mathematics curricula has
caused maths teachers to attach special importance to problem solving because
comprehending mathematical knowledge and establishing relations with this
knowledge occur in the process of problem solving (Krulik & Rudnick, 1989).

With the publication of the National Council of Teacher of Mathematics
(NCTM, 2000) fourth standards document, Principles and Standards for School
Mathematics (PSSM), the vision of mathematics teaching and learning to higher
standards has evolved. These standard documents call on teachers and students,
many of whom still view mathematics as a body of facts and procedures to
memorize, to take on very different roles as they strive to achieve complex
learning outcomes. Teachers, knowledgeable of the content and of their students'
knowledge of the domain, are called to support all students' efforts to understand
a coherent, well-articulated curriculum by engaging learners in rich mathematical
experiences (Buschman, 2003). In this approach, students are challenged to
reason mathematically, to explain and justify their mathematical reasoning, and
to construct their mathematical knowledge through exploration and problem
solving (MoNE, 2005). New goals have been set forth that include an emphasis
on conceptual understanding communicating, reasoning, mathematical
understanding, and learning through problem solving and inquiry (NCTM, 2000).
Problem solving and reasoning are, and must be, an integral part of any good
instructional program (Posamentier & Krulick, 1998). Therefore, maths teachers
are in agreement on the issue of improving students' problem solving skills and
rendering this to be the primary objective of their education.

Undoubtedly, we face problem solving in not only scientific and



mathematical areas but also in all areas of everyday life. We are confronted with
situations in which we have to use our creativity to the utmost in order to find
original solutions to these everyday problems. We try to attain solutions by using
our prior experiences and knowledge. However, in most math classes teachers
teach students to solve mathematics problems by having them copy standard
solution methods provided by the textbook. Little time is devoted to teaching
students how to solve problems. This pushes us to use the same methods of
problem solving instead of using our creativity. Considering the fact that one of
the objectives of maths education is to provide students with the skills to solve
the problems they face in everyday life, problem solving must be rendered the
focus of education in mathematics. Investigating how to help students in
“mathematics classroom, at every level to become successful problem solvers”
has emerged as one of the most important contemporary research issues in
mathematics education (MoNE, 2005a).

Problem solving is a complex process that involves multiple variables.
They include, but are not limited to, the task, the problem solver, process and
environmental factor (Lester, 1983). Problem solving has two products in maths
education. The first is the development of strategies and rules special to the
taught subject, and the second is the development of ways of thinking and general
approaches that can be used to develop a rule or a formula. Students learn to
create new strategies by working in problem situations, and solving new kinds of
problems by regulating these strategies. Schoenfeld (1987) indicated that
students’ problem solving failures are often not the result from the lack of
knowledge in mathematical content, but rather, self regulatory skills like
organization, use and monitoring of knowledge.

Artz and Armour-Thomas (1992) stated that the main reason in problem
solving achievement is to monitor the students own mental processes during
problem solving. Metacognition may affect how students learn or perform
mathematics. Students must learn how to monitor and regulate the steps and

procedures used to meet the goal of solving problems.



Although metacognition procedures are rarely the explicit focus of typical
classroom instruction, increasing evidence is beginning to indicate that
metacognition processes are important components of problem solving
(Montague, 1992; Montague, Applegate & Marguard, 1993).

Certain researchers have indicated that metacognitive knowledge is a very
important factor that differenciates between a good and an average problem
solver (Garofalo & Lester, 1985; Schoenfeld, 1985). Term metacognitive
describes the students’ awareness and monitoring of what they know and apply
during the problem solving process (Schoenfeld, 1985;1987).

The teaching of problem solving in classrooms has been conducted in
recent years on the basis of Polya's four-staged model. In practice, even though
the order of these stages has not changed, they have been expressed differently
and several stages — especially on the evaluation of the solution - have been
divided into different sections (Krulik & Rudnick, 1989; Verschaffel et al, 1999).
After discussions on the expectations from problem solving education, partial
changes have occurred in the problem types worked on, and the interest has
shifted towards the problems that are thought to be better at improving
metacognitive strategies.

Even though learning how to help students at every level to become
succesful problem solvers has emerged as one of the most important issues in
mathematics education which is dealth with in literature (Cai, 2000; Cobb, 1994;
Lester, 1980, 1994; MoNE, 2005; Schoenfeld, 1992), a single agreed-upon
method of regulating the problem solving training does not exist (Posamentier &
Krulick, 1998). Research has stated that social constructivist learning
environments -in which students can express their opinions on the issue where
they have worked on individually or in groups, can share their ideas with other
group members and form their own opinions after these interactions - and the
contextual learning or employment of these two methods together are more
effective than other methods (Schoenfeld, 1985; Verschaffel et al, 1999).
Covering the topic within a context includes social interaction and division of

labour in teaching, and renders the teaching an activity in which the equipments



and cultural assets in the environment participate (Altun & Sezgin- Memnun,
2008). The attempts at reform conducted in recent years confirm these comments
in terms of both content and method. In the light of the data, in this study
questioning approach to problem solving, which was conducted on the basis of
Polya's four-staged model, is used for experimental interventation. More over,
this approach is the reflection of social constructivist learning environments - in
which students can express their opinions on the issue that is worked on
individually or with their peers, can share their ideas with other students and
constitute their own opinions. This approach was applied to give students the
opportunities to consistently engage in problem solving, discuss their solution
strategies and build on their own informal strategies for solving problems.

In addition to this, the role of the teachers on improving the problem
solving ability of the students can not be regarded. Moreover, teacher traning
programmes play a significant part in obtaining information amd becoming
skillfull at problem solving of the teachers. When the teacher’s required
characteristics in the “training-teaching efficiencies” defined by MoNE (2005b)
this situation can be better understood. Therefore, pre-service teachers’ education
is very crutial since they need to be examined in terms of their knowledge and
skills required by new approaches attempts. In this study, pre-service teachers
participated as the participants of the study.

On the other way, while mathematics educators and researchers have been
trying to understand the impact of classroom contexts on developing
mathematical problem solving, educational psychologists are working hard to
understand the characteristics of self-regulation and the outcomes of such
behavior (Pape & Smith, 2002; Zimmerman, 2000a). Although mathematics
educators have found support and direction in socio-cultural theories of learning,
their goal of developing mathematics students who actively engage in strategic
behaviors and regulate their thinking may require more explicit instruction (Pape
& Smith, 2002). Detailed descriptions of cognitive processes, strategic behavior,
and intervention studies within self-regulated learning and attribution theories

(Schunk, 2001; Zimmerman, 2000a) lend support for and provide examples of



explicit strategy instructions that may be embedded within socio-cultural models
of instructions in mathematics.

Self regulated learning has been defined and modeled from a variety of
theoretical perspectives and frameworks (Ross et al, 2003). One of the most
commonly used and frequently cited definitions of self-regulated learning
identifies the self regulated learner as one who is behaviorally, metacognitively,
and motivationally active in his or her own learning (Zimmerman & Martinez-
Pons, 1988). Accordingly to the social cognitive and information processing
perspective of self-regulation, Pintrich, Smith, Garcia, and McKeachie (1991)
developed and finalized a version of the Motivated Strategies for Learning
Questionnaire (MSLQ) to measure some aspects of the self-regulated learning,
more specifically motivational beliefs and the use of various learning strategies.

Pintrich (2000) has showed that motivation (i.e., intrinsic motivation and
self-efficacy) has a substantial impact upon SRL: adoption of a learning and
mastery orientation and positive evaluations of competence lead to greater use of
cognitive processing, environmental control/utilization, and metacognition.
Motivation includes confidence in one's ability to succeed by exerting strategic
effort and recognition that success often comes only after some frustration
(Zimmerman, 2000a).

Academic success in mathematics during the elementary and middle
school years is critical due to its influence on students’ attitudes and motivation
towards mathematics. With regards to mathematics learning, research indicates
that students who are self-regulated learners have high motivation, low
mathematics anxiety and positive attributions and are academically successful
learners in mathematics. On the other hand, students who are not self regulated
learners, have low motivation, high mathematics anxiety and negative
attributions, are academically unsuccessful in mathematics (Missildine, 2004).
Much of the research on educational psychology has investigated the presence or
absence of discrete SRL skills and documented their impact on academic
achievement. Several of these studies have examined the impact on goal setting,

self-monitoring, self-efficacy in performance within various domains



(Zimmerman & Kitsantis, 1996; Zimmerman, Martinez- Poins, 1988). This
literature has helped us to understand the importance of these specific SRL
components for academic achievement and, specifically, mathematics
achievement. It has not, however, necessarily helped the classroom teacher to
understand his or her role in the development of self-regulation (Pape & Bell,
2003). There has been considerable educational interest regarding the benefits of
students’ self adjustment as a desirable outcome of an educational process. The
PSSM contains five standards, which delineate the content in the mathematics
classroom. According to these standards, instructions in mathematics should
enable students to "apply and adapt a variety of appropriate strategies to solve
problems" and to "monitor and reflect on the process of mathematical thinking”.
These behaviors are very similar to those discussed within SRL literature,
including monitoring progress toward solutions, adjusting behavior depending on
observations of progress, reading and listening carefully to ensure understanding,
planning frequently, considering alternative strategies; and reflecting on one's
progress, among others. Successful problem solvers are strategists in developing
an understanding of a problem and forming a concrete or mental problem
representation.

Problem solving is perhaps the area of mathematics in which self-
regulation is most apparent, therefore, problem solving instructions seem to be an
alternative to the traditional approach to help students improve their self
regulated learning.

However, there are few experimental research studies done using
problem solving and self regulated learning as variables in a mathematics class.
So, there is a need for more research to be conducted for this purpose. According
to the findings in the literature, the main purpose of research study is; to
investigate the effects of questioning problem solving approach on students’
mathematical achievement, problem-solving performance and their self-
regulated learning, which includes motivational and learning strategies.

In the literature, researcher did not find an experimental study conducted

to investigate the effectiveness of questioning problem solving approach on pre-



service teachers’ achievement, problem-solving performance and self-regulated
learning in mathematics education. Considering all these issues, it seems
necessary to design an experimental research on the effects of questioning
problem solving approach and to explore its effects on pre-service teachers’ basic
mathematics achievement, problem-solving performance and their self-regulated

learning.

1.1 Purpose of the Study

The general purpose of this study is to investigate the effects of questioning
problem solving approach on pre-service elementary school teachers’ basic
mathematics achievement, problem-solving performance and their self- regulated
learning. Furthermore, this study has attempted to search the following:

e to examine their usage of Polya’ problem solving phases (eg;

understanding the problem,devising a plan, carrying out the plan and
looking back) during the treatment.

e to investigate the students’ opinion with respect to the treatment.

1.2 The Research Questions of the Study

According to this study’s purpose, the following research questions were
attempted to answer with regards to the participants of this study:

1. What are the effects of questioning problem solving approach compared
to traditional problem solving approach on pre-service elementary school
teachers’ mathematics achievement and problem-solving performance when
pre-service elementary school teachers’ pre-test basic achievement and
problem-solving performance test scores are controlled?

2. What are the effects of questioning problem solving approach compared
to traditional problem solving approach on pre-service elementary school
teachers’ perceived motivation in terms of intrinsic and extrinsic goal
orientation, task value, control of learning beliefs, self-efficacy for learning

and performance and test anxiety when their pre-test scores of their



perceived motivation are controlled?

3. What are the effects of questioning problem solving approach compared
to traditional problem solving approach on pre-service elementary school
teachers’ perceived use of learning strategies in terms of cognitive and
metacognitive strategies; rehersal, elaboration, organization, critical
thinking, metacognitive self regulation and resource management strategies;
time and study environment management, effort regulation, peer learning
and help seeking when their pre-service pre-test scores of their perceived
learning strategies are controlled?

4. What are the pre-service elementary school teachers’ opinions on the
effects of questioning problem solving approach?

5. How does the pre-service elementary school teachers’ problem-solving

performance change according to the Polya’s phases during the study?

1.3 Hypothesis of the Study

The following hypotheses were tested in order to answer the research
questions Firstly, related to the first research question the null hypotheses were

given.

H.,1: There is no significant overall effect of different problem solving

approaches on the collective dependent variables of the pre-service elementary
school teachers’ post test scores on basic achievement test and problem-solving
performance test when participants’ pre-test scores on basic achievement test and
problem-solving performance test are controlled.

H,2: There is no significant overall effect of different problem solving

approaches on the collective dependent variables of the pre-service elementary
school teachers’ post test scores on intrinsic and extrinsic goal orientation, task
value, control of learning beliefs, self-efficacy for learning and performance, and
test anxiety when participants’pre-test scores on each variable are controlled.



H_3: There is no significant overall of different problem solving approaches

on the collective dependent variables of the pre-service elementary school
teachers’ post test scores on rehersal, elaboration, organization, critical thinking,
metacognitive self regulation, time and study environment management, effort
regulation, peer learning and help seeking when participants’ pre-test score on

each variables are controlled.

1.4 Definitions of Important Terms

Problem: A situation for which there is no immediate solution. It is a required
analysis and synthesis of previously learned knowledge in order to resolve the
question and thus challenges an individual intellectually (Posamentier & Krulick,
1998; Schoenfeld, 1985; Umay, 2007).

Questioning problem solving approach: This approach is a way of teaching

problem solving based on Polya's four-phase model and reflection of social
constructivist learning environments. In this approach problem solving process is
important. By this problem solving approach students can express their opinions
on the issue that is worked on individually or with their peers, can share their
ideas with other students and constitute their own opinions in problem solving

process.

Traditional problem solving approach: Traditional problem solving approach is a
way of problem solving focused the solutio in problem solving process. It is
teacher-centered problem solving. Teaching problem solving relies on teacher’s
solution and explanation.

Problem solving performance: Pre-service elementary teachers’ performance on

the instruments of Mathematical Problem Solving Test.

Basic Mathematics Achievement: Pre-service elementary teachers’ scores on

Basic Mathematics Achievement Test.

Self-requlated learning: This study posits that self-regulated learning is

comprised of motivation, cognitive and metacognitive strategies and resource
management strategies.
According to Pintrich, Smith, Garcia and McKeachie (1991), goal
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orientation, intrinsic and extrinsic goal orientation, task value, control and
learning beliefs, self-efficacy for learning and performance, rehearsal,
elaboration, organisation, critical thinking, metacognitive self-regulation, time
and study environment, effort regulation, peer learning and help seeking are
defined as follows:

Goal orientation: Goal orientation refers to the student’s perception of the reasons

why he or she is engaging in a learning task (p.9).

Intrinsic goal orientation: Intrinsic goal orientation concerns the degree to which

the student perceives himself/herself to be participating in a task for reasons such
as challenge, curiosity, and mastery. Having an intrinsic goal orientation towards
an academic task indicates that the student’s participation in the task is an end all

to itself, rather than participation being a means to an end (p.9).

Extrinsic goal orientation: Extrinsic goal orientation complements intrinsic goal

orientation and concerns the degree to which the student perceives
himself/herself to be participating in a task for reasons such as grades, rewards,
performance, evaluation by others, and competition. When a student is high in
extrinsic goal orientation, engaging in a learning task is the means to an end. The
main concern the student has is related to issues that are not directly related to
participating in the task itself (such as grades, rewards, comparing one’s

performance to that of others) (p.10).

Task value: Task value refers to the student’s evaluation of how interesting, how

important, and how useful the task is (p.11).

Control of learning beliefs: Control of learning refers to students’ beliefs that

their efforts will result in positive outcomes. It concerns the belief that outcomes
are contingent on one’s own effort, in contrast to external factors such as the

teacher (p.12).

Self-efficacy for learning and performance: Self-efficacy is a self-appraisal of

one’s ability to master a task. Self-efficacy includes judgments about one’s
ability to accomplish a task as well as one’s confidence in one’s skills to perform

that task (p.13).
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Test anxiety: Test anxiety is thought to have two components: a worry or
cognitive components and an emotional component. The worry refers to students’

negative thoughts that disrupts performance (p.15).

Rehearsal: Rehearsal involves reciting or naming items from a list to be learned.
These strategies are best used for simple tasks and activation of information in
working memory rather than acquisition of new information in long-term
memory. These strategies are assumed to influence the attention and encoding
processes, but they do not appear to help students construct internal connections

among the information or integrate the information with prior knowledge (p.19).

Elaboration: Elaboration strategies help students store information into long-term
memory by building internal connections between items to be learned.
Elaboration strategies include paraphrasing, summarizing, creating analogies, and
generative note taking. These help the learner integrate and connect new
information with prior knowledge (p.20).

Organization: Organization strategies help the learner select appropriate
information and also construct connections among the information to be learned.
Examples of organizing strategies are clustering, outlining, and selecting the
main idea in reading passages (p.21).

Critical thinking: Critical thinking refers to the degree to which students report

applying previous knowledge to new situations in order to solve problems, reach

decisions, or make critical evaluations with respect to standards of excellence
(p.22).

Metacognitive self-regulation: Metacognition refers to the awareness, knowledge,

and control of cognition. There are three metacognitive self-regulatory activities:

planning, monitoring, and regulating(p.23).

Planning activities such as goal setting and task analysis help to activate,
or relevant aspects of prior knowledge that make organizing and comprehending

the material easier

Monitoring activities include tracking of one’s attention as one reads, self-
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testing and questioning: these assist the learner in understanding the material and
integrating it with prior knowledge.

Regulating refers to the fine-tuning and continuous adjustment of one’s
cognitive activities. Regulating activities are assumed to improve performance by
assisting learners in checking and correcting their behavior as they proceed on a
task.

Time and study environment management: Time and study environment

management involves scheduling, planning and managing one’s study time.
Study environment management refers to the setting where student does her class
work (p.25).

Effort requlation: Effort management is self-management, and reflects a

commitment to completing one’s study goals, even when there are difficulties or

distractions.

Peer Learning: Peer learning refers to collaboration with one’s peer in the

learning process (p.28).

Help-seeking: Help-seeking refers to an ability to manage and recognize when
help is needed and a certain concept is not well understood. Such help can be
from peers, teachers or book search (p.29).

1.5 Significance of the Study

Initially, problem solving is a skill everyone uses throughout life. The
teaching and learning of the problem solving process begins as soon as the child
enters school, and it must continue throughout school life. The elementary school
teacher has the responsibility for beginning problem solving and laying the
foundation for the child’s future problem solving experiences (Krulik & Rudnick,
1989).

Additionally the teacher’s subject matter and content knowledge and skills
are also vitally important to the student’s achievement (Allen, 2003; Ball, 1989;
Ball & Bass, 2003). Carpenter (1989) sees teaching as a problem solving

experience. The teacher’s interaction with students during the course of
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classroom instruction creates problems or dilemmas that the teacher must resolve
in order to meet the needs of the students. The teacher’s knowledge and belief
may also influence their decision regarding classroom instructions with students
during the course. Ball (2003) pointed out that the quality of mathematics
teaching depends on the teachers’ knowledge, which effects the quality of work
produced by students. Knowing mathematics includes not only knowing the
content and concepts that would be taught but also knowing about connections
between mathematical concepts and daily life situations how to teach reasoning
to students, how to guide in problem solving process, and how to increase their
curiosity and interest in class. Since problem solving is a teachable process
without qualified, competent teachers; education in mathematics will not
improve (Krulik & Rudnick, 1989). If the teacher believes that problem solving
means finding one correct mathematical procedure and solution, teacher
instructional methods should focus on the mathematical concepts and not on the
process of discovering the solution to the problem and students’ reasoning.
Students’ understanding of mathematics, their ability to solve problems are all
shaped by the teachers they encounter in the classroom and learn mathematics
through the experiences that teachers provide.

On the other way, Post (1992) reported as cited in Silver (1985), teachers’
beliefs about teaching mathematics, influence teachers’ instructions, which have
a profound effect on the students mathematical learning, which indicates that
beside this, teachers who have negative attitutes towards mathematics do pass
those feelings on their students.

The initial teaching and learning of the problem solving process begins as
soon as the child enters school and must continue throughout school life. The
elementary school teacher has the responsibility for beginning this instruction and
laying the foundation for the child’s future problem solving experiences (Krulik
& Rudnick, 1989). The problem-solving process is a teachable skill that everyone
uses throughout life. The new reform in mathematics education in Turkey
confirms these comments in terms of both content and method. The success of

such reform attempts depends on the teachers' approval of the reform who will
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execute these programs, and it is apparent that the attempts will fail if they do not
embrace them. Thus, pre-service teachers’ education is very crutial since they
need to be examined in terms of their knowledge and skills required by these
reform attempts. Thus this study will guide pre-service teachers through the
problem- solving process.

On the other way, since problem solving is a complex process, there is a
wealth of publications about the problem solving in national literature and in the
world. For instance, Higgins (1997) presented that the sixth and seventh grade
students who had been given the teaching of problem solving have gained
positive attitudes. Verschaffel et al. (1999) have found that the teaching of
problem solving given to the fourth and fifth grade students has helped them in
solving mathematical application problems and students have become able to
learn problem solving strategies. Follmer (2000) have reported that the teaching
on non-routine problems in the fourth grade has improved the use of cognitive
strategies and the awareness of how to solve the problem.

Nancarrow (2004), on three groups each of which consisted of 15
individuals, have examined the influence of a course of problem solving that had
been designed to support the original attempts and creativity of students in
problem solving on the students’ behaviors of solving non-routine algebraic
problems.

Altun and Sezgin-Memmun (2008) designed an experimental study to
examine the effect of problem solving to prospective mathematics teachers’
percieved use of problem solving strategies. Results revealed that the instruction
increased the trainees’ success of problem solving at different levels and that
simplifying the problem, looking for a pattern, reasoning, writing a diagram,
making a systematic list, guessing and checking, and working backwards,
respectively were the most effective. Korkmaz, Giir and Ersoy (2006)
investigated what preservice elementary teachers do in problem posing process,
and to determine the misunderstandings that they have in this process. The
findings showed that first of all preservice teachers did not know the difference

between problem and exercise. They defined problems to be the exercises solved
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at the end of lesson in order to practice the introduced idea.

Tanriseven (2000) conducted an experimental study to investigate the
effect of problem solving with dramatization. Results of the study indicated that
the there was a significant difference between traditional problem solvingand
problem solving with dramatization. Arslan (2002) examined the learning and
using of problem solving strategies in the seventh and eighth grade students. It
was reported according to the results, problem solving strategies can be learned
by seventh and eighth grade and the problem solving education had appositive
effect on students’ attitutes towards problem solving. Posluoglu-Yildiz (2002)
conducted an experimental study in her study to compare the differences of
experimental and control groups students at fifth grade with cooperative learning
technique and traditional technique according to the problem solving skills.
Results showed that cooperative learning technique developed students problem
solving skills.

According to the studies in literature it can be said this study is parallel to
studies conducted by using problem solving with respect to teaching problem
solving strategies, but is different from examining the questioning problem
solving approach. This approach is basis on Polya’s problem solving framework
but was wealthed by using social contructivism and teaching problem solving
strategies. In addition it can be emphasized that very little research has been
conducted related to pre-service teachers. From this point of view it seems crucial
to conduct experimental study to investigate the effectiveness of questioning
problem solving approach on first grade pre-service teachers.

On the other side, self-regulation is important because a major function of
education is the development of lifelong learning skills. In daily life every person
attempts to self-regulate his or her functioning in some way to gain goals in life
and that it is inaccurate to speak about un-self-regulated persons or even the
absence of self-regulation. The regulation of one’s health and stress management,
which in turn covers lower level activities such as strategy use self-observation
are all related terms with respect to self-regulation (Ross et al, 2003).

Self-regulation refers to the students' ability to understand and control
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their learning. Students of all ages need to control their learning through
productive motivational beliefs and use of cognitive learning strategies. Self-
regulated learning has been demonstrated to be a significant predictor of
academic success in many researches (e.g.; Zimmerman & Martinez-Pons, 1988).
In fact, SRL may be especially relevant for complex problem solving, which
requires metacognition and perseverance in the face of challenge (De Corte et al.,
2000). Many studies (e.g., Lester & Garofalo, 1982; Schoenfeld, 1992) illustrate
how self-regulation differs between weak and skilled problem solvers.

Although, there is a wealth of publications about the components of self-
regulation and their effects on mathematical achievement, few experimental
studies explain which approach should be applied for developing self-regulation
training or which approach is efficient in a mathematics class.

All students are expected to acquire sufficient mathematical problem-
solving skills in order to be well prepared for most of this century that needs high
mathematical thinking and technical skills (MoNE, 2005a). However, students
manifest serious deficits in problem solving and self-regulation. Thus, there is a
need to conduct an experimental research in problem solving for pre-service
teachers investigating the effectiveness of their self-regulated learning.

This study was designed design to fill that gap by combining all these
important elements into one experimental study to create a more complete picture
of pre-service teacher education as teachers need to develop their own problem—
solving performance and mathematical self-regulated learning which involves
motivation and learning strategies. Additionally, it will guide pre-service teachers

through the problem- solving process.

1.6 Assumptions

1. All tests were administered to the experimental and control group under the
same standard conditions.

2. The groups that were subject of the study responded honestly to the test
items and interview questions.

3. Subjects from both groups were not allowed to interact or communicate
with each other.
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1.7 Limitations

1. The first grade pre-service elementary teachers who participated as subjects
in the study do not represent typical pre-service elementary teachers of
elementary teacher education departments in national universities. The
participants entered the university with high mathematics scores. The
department is ranked first with the highest score in national university
entrance exam called OSS. Therefore, the results can be generalized for first
grade elementary school education students at similar placed universities.

2. The results of the study were limited to the population with similar
characteristics, thus the results were only representative of that group.

3. The study was limited to the course “Basic Mathematics Course II” in the
curriculum of elementary teacher education.

4. The researcher acted as a mathematics teacher in both experimental and
control groups. Therefore, there may have been a bias favoring the
implementation of treatment instructions in treatment groups. To avoid this,
two observers were participated in the study. They observed both the
experimental and the control group. The results of the observation checklists
were used as evidence for eliminating bias.

5. Another limitation of the study was not using random selection.
Considering the administration and limitation of official permission, groups
were not assigned randomly, thus two existing classes from division of
elementary teacher education were used. Thus the study was not a true
experimental study since subjects were not randomly assigned to the
experimental and the control groups .

6. Lastly, even though a single agreed-upon approach of regulating the
problem solving does not exist, this study is limited to the problem solving
approach that is otlined in this study. This present study, basically Polya’s
problem solving phases, were used with respect to a new approach. This
questioning approach is the reflection of social constructivist learning
environments - in which students can express their opinions on the issue that

is worked on individually or with their peers, can share their ideas with other
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students and constitute their own opinions. Thus, the results could be
generalized to problem solving that is defined and used in this present study.
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CHAPTER 2

REVIEW OF THE LITERATURE

In this chapter, first the background to the problem and problem solving
are outlined. It covers with the cognitive and metacognitive in problem solving
and the framework of problem solving. Later, explanations on self regulation, self

regulated learning and related literature are presented.

2.1 Background of Problem and Problem Solving

Krulik and Rudnick (1989) defined a problem as: “a definition is a situation,
guantitative or otherwise, that confronts an individual or group of individuals,
that requires a solution, and for which the individuals sees no apparent path to the
solution. The key to this solution is the phase “no apparent pattern”. To Van De
Walle (2007), a problem is a task or activity for which the students have no
prescribed or memorized rules or methods nor is there a perception by students/a
student that there is a specific correct method for solution.

Having a problem means “to have a problem:” to search consciously for some
action appropriate to attain a clearly conceived, but not immediately attainable
aim” (Polya, 1962).

Krulik and Rudnick (2003) explain the distinctions between questions,
exercise and problem as follows:

(a) Question: a situation that can be resolved by mere recall and memory
(b) Exercise: a situation that involves drill and practice to reinforce a previously
learned skill or algorithm.
(c) Problem: a situation that requires analysis and synthesis of previously learned
knowledge to resolve.

Polya (1962) states that “solving a problem means finding a way out of a
difficulty, a way around an obstacle, attaining an aim which is not immediately
attainable”. The heading problem implies that the individual is being confronted

by something he or she does not recognize (Krulik & Rudnick, 1989).
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More over, a situation will no longer be considered a problem once it has
been modeled or can easily be solved by applying algorithms that have been
previously learned. A problem is something a person needs to figure out,
something where the solution in not immediately obvious. Solving problems
requires creative effort and higher level thinking (Krulik & Rudnick, 1989).

So from different sources (Altun, 1998; Krulik & Rudnick, 1989; Polya,
1962; Schoenfeld, 1985; Umay, 2007) it can be said that a problem is:

e Asituation in which a solution is not apparent

Requires thoughts and synthesis previously learned in order to resolve it.

A difficulty for the person who faces it.

A situation that the individual needs to solve.

An individual that has not faced the problem situation before and he or
she is not prepared to solve it.
The individual needs to feel a desire and to expend energy to solve the problem.

From all of these definitions it seems clear that mere recalls of facts or
applications of previously learned algorithm does not lead to a solution. It implies
that in order to solve the problem, the problem solver will need to apply
knowledge and skills in order to construct the solution. If the solution is seen as
easy, it is implied that the problem is not a problem for the problem solver. The
problem below is given as an example:

“A man was making out his will. He had 1,600 dollars to divide among his
three sons. The oldest was to get 200 dollars more than the middle son. The
middle son was to get 100 dollars more than the youngest son. How much did
each son get?”(Posamentire & Krulick, 2009).

This sample problem is not thought of as a problem for most adults
though the answer is apparent, thus it could be thought of as a problem for
elementary level students, since they have to do something to resolve the issues
and construct the knowledge needed to solve the problem.

If a student sees the answer to a problem, then it is not really a problem
for that student (Rey et al, 2007). What might be a problem for one individual

might not be a problem for another. If the student refuses to accept the challenge,
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it is not a problem for that student at that time; a problem must be perceived as
such by the student, regardless of the reason, in order to be considering a problem
by him or her (Van De Walle, 2007). A situation will no longer be considered a
problem once it has been modeled or can easily be solved by applying algorithms
that have been previously learned (Krulik & Rudnick, 1989).

A mathematical problem can be defined by using the definition of a problem:
A mathematical problem is a problem which requires mathematical thinking,
challenge and a synthesis of previously learned mathematical constructs (Umay,
2007). A mathematical problem should contain important content and should
engage interest in students and well crafted. Mathematical construct,
mathematical thinking and reasoning are the key points of a mathematical

problem.

2.2 Problem Solving in Mathematics Education

Investigating to make students good problem solvers is not a new concept
in mathematics education. Over the years, problem solving has emerged as one of
the major concerns at all levels in school mathematics (Posamentier & Krulick,
2009). It has been frequently cited in many research related to mathematics
curriculum throughout the years (Polya, 1957, 1962, 1973; Schoenfeld 1985).
Problem solving is now being considered a measure of true mathematical
understanding, Additionally, it is considered a skill that is important across
subjects areas and situations (MoNE, 2005a; Umay, 2007).

Learning how to help students at every level to become successful
problem solvers has emerged as one of the most important contemporary
research issues in mathematics education. Because the development of student
problem solving abilities has been identified as a fruitful source of improvement,
it is imperative that we strive to more fully understand the complex underlying
cognitive, affective, and social mechanisms that successful problem solvers
employ.

In recent years, the NCTM, in its Principles and Standards for School

Mathematics notes that in the upper elementary grades, The goal of school
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mathematics should be for all students to become increasingly able to and willing
to engage with and solve problems (NCTM, 2000; Posamentier and Krulick,
1998).

A problem-centered approach to teaching mathematics
uses interesting and well-selected problems to launch
mathematical lessons and engage students. In this way, new
ideas, techniques and mathematical relationship emerge and
become the focus of discussion. Good problems can inspire
the exploration of important mathematical ideas, nurture
persistence and reinforce the need to understand and use
various strategies, mathematical properties and relations
(NCTM, 2000 p.52).

Polya (1973) defined problem solving as searching for an appropriate
course of action to attain an aim that is not immdediately attainable. From a
broader perspective, problem solving involves reaching a goal by providing an
answer to a given state in which an answer or solution method is not initially
known (Mayer, 1982; Pugalee, 1995).

Problem solving can be a vehicle used to introduce our students to the
beauty that is inherent in mathematics but it can be also be the unifying thread
that ties their mathematics experiences to gather into a meaningful whole
(Posamentier & Krulick, 1998). Polya, (1973) stated that the major theme of
doing mathematics was problem solving and that it was important to teach
students to think. Most, if not all, important mathematical concepts and
procedures can best be taught through problem solving (Van De Walle, 2005).

In the literature much of the research on mathematical problem solving
have been influenced by mathematician George Polya and his book, “How to
solve it,” 1957.

“A great discovery solves a great problem but there is
a grain of discovery in the solution of any problem. Your
problem may be modest; but if it challenges your curiosity
and brings into play your inventive faculties, and if you solve
it by your own means, you may experience the tension and
enjoy the triumph of discovery (Polya, 1957, p.v).”
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Students are seldom given opportunities to solve challenging
mathematical problems in mathematics classrooms. They infrequently engage in
mathematical reasoning, conjecturing, communicating or proving. Students may
be able to follow algorithms that can range from recognizing a problem as very
similar to one previously solved, to taking on a homework exercise similar to
exercises presented in class,. but only a few uderstand wht they are really doing
or why they are performing these activities (Campione, Broen & Connell, 1989).
They tend to tackle problems based upon their previous experiences. When faced
with problems of slightly greater diffulty, students often perform poorly. Students
are not doing any problem solving rather they are merely practicing the earlier
encounter situation (Posamentier & Krulick, 1998). They may try to acquire
minimal information from classroom instruction in order to pass their school test,
but most never acquire a deep understanding that results in useable and
transferable knowledge (Segal, 1996). Both children and adults confront
mathematical problems in their daily lives, as a costumer, citizen and worker, so
mathematical problem solving is a skill people need throughout their lives. In
spite of the relationship between a mathematics class and quantitative situations
in life, students see little connection between what happens in school and what
happens in real life. An emphasis on problem solving in the classroom can lessen
the gap between the real world and the classroom world and thus set a positive
mood in the classroom (Krulik & Rudnick, 1989). Problem solving is natural to
young children because the world is new to them, and they exhibit curiosity,
intelligence and flexibity as they face new situations. The MoNE (2005a)
mentioned the importance of appealing problems and stated that mathematical
concepts can be introduced through problems that come from their worlds. The
use of real life and meaningful problems enhance the students’ problem solving
experience.

Problem solving is a process. It is the means by which an individual uses
previously acquired knowledge, skills and understanding to satisfy the demands
of an unfamiliar situation. The process begins with the initial confrontation and

concludes when an answer has been obtained and considered with regard to the
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initial conditions. The student should synthesize what he or she has learned and
apply it to the new and different situation (Krulik & Rudnick, 1989).

The problems chosen in a maths course should be interesting and relevant
to the issues that students need in their daily lives and to their school activities.
Thus, the mathematical knowledge and skills that students obtain will be more
meaningful and it will be easier for them to use this knowledge in different
situations. Students should be able to use different problem solving strategies
while problem solving. They should understand the importance of planning,
controlling and using different strategies (MoNE, 2005a). As students become
successful in the process of problem solving and feel that their solution methods
are appreciated, their self-confidence about mathematics will increase(MoNE,
2005a).

The Elementary Schools Curriculum, targeted to improving the following
skills in students while providing them with problem solving skills (MoNE,
2005a).

e Using problem solving to analyze and understand mathematical concepts,

e Problem solving by using mathematical and everyday life situations,

e Controlling and interpreting the solutions' plausibility and suitability to
mathematics

e Using different problem solving strategies to solve different problems, for
example, trial and error, using image table, materials, searching for
patterns, estimating and controlling and working backwards.

It has been determined that traditional verbal problems do not improve the
problem solving skills of students. The solutions that students find through acting
according to several pattern words in problem sentences is not very meaningful
for students and the real life situations that are relevant to the problem are not
taken into consideration in the problem solving process (Verschaffel & De Corte ,
1997).

Various researchers (Lesh & Doerr, 2003; Schoenfeld, 1992; Verschaffel
et al, 1994) focus on mathematical modeling problems as problem solving
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activities that are open-ended, not directed with pattern sentences, non-routine,
and enabling students to work on real life situations and thus, raising students as
individuals who have strong problem solving skills out of school and in their
future lives.

The teaching of problem solving in a classroom has been conducted in
recent years on the basis of Polya's four-staged model. In practice, even though
the order of these stages has not changed, they have been expressed differently
and in several stages - especially the stage on the evaluation of the solution and
divided into more parts. (eg, Garofalo & Lester, 1985; Schoenfeld, 1985).

Many theoretical papers and research studies (eg, Garofalo and Lester,
1985; Lester 1983; NCTM, 2000; Pintrich, 2002; 1982; Schoenfeld, 1985,1987;
Davidson & Sternberg, 1998; Zan, 2000) have suggested that student's low
problem solving performance is associated with more then just a lack of content
knowledge. These authors have also pointed to students' inability to (1) organize
knowledge already possessed, (2) plan strategies for implementing what is
known, and (3) monitor the effectiveness of these strategies as factors adversely
affecting problem-solving performance.

Along with these changes related to problem solving, important changes
have also occurred in the issue of what is understood from mathematics; and
started to be considered to be a set of problem solving and interpretation activities
that are basically based on the modeling of the reality, rather than a collection of
abstract concepts and knowledge that needs to be learned (MoNE, 2005a). Thus,
the aim of learning mathematics is to provide students with mathematical
predisposition rather than isolated concepts and skills. These basic evaluations
bring to the agenda the issues of how an appropriate teaching of problem solving
should be planned and how the learning environment should be prepared. Even
though a single agreed upon method of regulating the problem solving training
does not still exist, researches have presented social constructivist learning
environments -in which students can express their opinions on the issue that is
worked on individually or in groups - can share their ideas with other group

members and constitute their own opinions after these interactions- and the
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contextual learning or employing these two methods together are more effective
than other methods (Verschaffel et al,1999). Students should be encouraged to
share their thinking, their solution strategies as well as their solutions with their
peers and teachers. If students are unable to solve a problem, talking with their
peers or with the teacher may provide the students with small amount of help that
will be the impetus needed to put them onto the path of solving the problem. The
whole process of problem solving enhances the reasoning skills of the students,
because to explain it another, why one did what one did and why one thinks,
requires more reasoning skills than is does to do the problem (Rey et al, 2007).
Covering the topic within a context includes social interaction and
division of labor in teaching, and renders the teaching activity an activity in

which the equipments and cultural assets in the environment participate .

2.3 Cognition and Metacognition

Metacognition refers to one’s knowledge of one’s own cognitive process
and products, which may include self- questioning, self- monitoring, self-
regulation or evaluation procedures (Montague, 1992; Mantague, 1993).
Metacognition strategies focus on students thinking and generally become more
aware of the various processes they use to solve problems. Increasing evidence is
beginning to indicate that metacognition processes are important components of
problem solving, however metacognition procedures are rarely the explicit focus
of typical classroom instruction (Montague, 1992; Montague, Applegate &
Marguard, 1993; Silver & Marshall, 1990)

According to Schoenfeld (1985), control deals with selecting and
deploying the resources at one's disposal. Additionally, metacognitive control
deals with the regulation of cognitive activities and is the mechanism students use
while deciding when, how, and if they will use the mathematical facts and
procedures at their disposal for planning, monitoring, and checking activities
(Schoenfeld, 1985).

Metacognition refers to higher order thinking which involves active
control over the cognitive processes engaged in learning. Activities such as
planning how to approach a given learning task, monitoring
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comprehension, and evaluating progress toward the completion of a task are
metacognitive in nature (Livingston, 1997).

The terms self-regulation, monitoring, control, and executive decision are
frequently used throughout the literature to describe the concept of metacognition
(e.g., Schoenfeld, 1985, 1992). Metacognition can be divided into two distinct
components: metacognitive knowledge and metacognitive control. Metacognitive
knowledge is awareness of one's cognition, which is a personal awareness of how
one thinks. Metacognitive control consists of planning, evaluating, monitoring,
and verifying cognitive activities (Lester, Garofalo & Kroll, 1989; Livingston,
1997; Schoenfeld, 1985; 1992). It involves decisions that problem solvers make
regarding when, if and how they could use their resources. According to Brown
et al (1983) as cited in Schoenfeld (1985), define metacognitive control
components as planning (prior to understanding), monitoring (during learning)
and checking outcomes.

Some studies have reported that student problem solving performance is
directly linked to how actively and efficiently students employ their
metacognitive control mechanisms (Schoenfeld, 1985; 1992). Besides this, it was
stated that metacognition has been identified as an important factor in the
problem-solving process (Harskamp & Suhre,2007; Schoenfeld, 1985). To Van
De Walle (2006) good problem solvers monitor their thinking regularly and
automatically. Good problem solvers make conscious decision to switch
strategies, re-think the problem, and search for related content knowledge that
may help or simply start afresh (Schoenfeld, 1992).

Pugalee (2001) has concluded that successful students differed from
others in terms of their behavior of focusing on the problem, organizing the data,
performing a transaction and interpreting the results. Pape and Wang (2003) have
concluded that the elementary school second grade students differed from others
with their behavior of selecting a target, making a plan, regulating their own
behaviors, regulating the studying environment for themselves, evaluating
themselves with others student’s assistance.

Metacognition enables students to coordinate the use of current

28



knowledge and of reflective strategies to accomplish a single goal. Metacognitive
awareness, therefore, serves a regulatory function and is essential to effective
learning because it allows students to regulate numerous cognitive skills
(Howard, McGee, Shia & Hong, 2000).

2.4 Conceptual Framework of Problem Solving

Problem solving has only recently gained the increased attention of the
mathematics education community, though problems and problem solving were
always viewed as part of mathematics. Since then, numerous researchers and
organizations documented continued interest in problem solving by emphasizing
its various aspects in mathematics teaching and learning. In this section, as a part
of this research, several descriptions of problem solving have been used.

An early description of problem solving was outlined by George Polya in
his four phase model in his book “How to solve it.” Most of the work that
followed has been an enhancement and modification of Polya’s fundamental
ideas, all of which are used today. Polya’s stages are well-known and are also
taken into account and constructed a theoretical basement for the present study.

Polya (1954) defined mathematical problem solving as a process that
involves several activities and the use of “heuristics” as a plan for solving
problems. Heuristics is the process by which a problem solver attempts various
approaches to find the solution to a problem. Polya’s heuristic model contains
four steps which has long served as a guide for teaching problem solving and
investigating problem solving skills. Polya’s model of the problem solving
process is as follows:

1. Understand the problem; define the problem by identifying various problem
basics and how they are related;

2. Devise a plan; examine the different elements of a problem from a variety of
ways to identify a solution method that will work;

3. Carry out the plan; carry out the chosen strategy and evaluate the accuracy
through reasoning;

4. Look back; applying and reflecting on the results and consequences, asking if a
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different method could be applied.

Schoenfeld (1985), devised a model for analyzing mathematical problem
solving that derived form Polya’ work. He developed a model in five episodes:
reading, analysis, exploration, planning/implememtation and verification. In this
model, protocals are called episodes. Each episode represents a period of time
during which an individual or group of problem solvers are engaged in a task and
consistently display one form of behavior .

Garafola and Lester (1985) built on Polya’s (1945) and Shoenfeld’s
(1985) structures by developing a framework for analyzing metacognitive aspects
of performance on a wider range of tasks. Their cognitive-metacognitive
framework is comprised of orientation, organization, execution and verification.
An important aspects of their phases is distinctive metacognitive behavior
associated with each category.

Arzt and Armour-Thomas (1992) developed another cognitive-
metacognitive framework which attempted a synthesis of the problem-solving
steps identified by Garofalo and Lester, Polya and Schoenfeld. Their episodes
are: (i) reading, (ii) understanding, (iii) analysis, (iv) exploring, (v) planning, (vi)
implementing, (vii) verifying, (viii) watching and listening.

Montague (2003) defined cognitive process and metacognitive strategies
in a problem solving process. This process comprised of: read, paraphrase,
visualize, estimate, compute and check. This process is based on developmental
and information processing theories.

There is no single set of heuristics for problem solving, although several
people have put forth workable models. An important one is that students learn
some sets of carefully developed heuristics, and develop the habits of applying

these heuristics in all problem-solving situations (Krulik & Rudnick,1989).

2.5 Problem Solving Strategies

Schoenfeld (1992) indicated that students’ problem solving failures are
oftentimes attributed to the unproductive use of strategies that help students to

build their own knowledge. He suggested giving students strategies such as
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searching for patterns, drawing diagrams, listing all possible answers would help
students become problem solvers. Students would develop a range of strategies
and thus be able to choose the appropriate strategy to match the problem solving
task (Kloostermen and Stage, 1992). The reason for being unsuccessful problem
solvers is not only the lack of mathematical content but also unproductive use of
strategies.

Posamentier and Krulik (1998) list the major problem solving strategies
that can be used in solving mathematical problems as (p.4-5) :
. Working backwards
. Finding a pattern
. Adopting a different point of view
. Solving a simpler, analogous problem (specification without loss of generality)
. Considering extreme cases
. Making a drawing (visual representation)
. Intelligent guessing and testing

. Accounting for all possibilities

© 00 N o O B~ w N e

. Organizing data
10. Logical reasoning

These strategies are not the only ones available but they present those
most applicable to mathematics instructions in the school. In the mathematics
classroom strategies provide an alternative plan for resolving many problem
situations that arise within the curriculum.

Sometimes teachers are not aware of the numerous problem solving
strategies that can be used to provide efficient and elegant solutions to many
problems. Students should be exposed to traditional problem solving strategies as
additional ways of problem solving, instead of being taught that these strategies
are the only ways problems can be solved. Direct instruction of problem solving
strategies can take place after students have created their own strategies for
solving a wide range of problems (Buschman, 2003). Polya (1953) suggested that
problem solving could be introduced as a practical art, like playing piano, as an

act of inquiry and discovery to develop students’ abilities to become skillful
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problem solvers and independent thinkers. Thus, it is expected that the problem
solving approach to mathematics instructions will provide a vehicle for students
to construct their own ideas about mathematics, to take responsibility for their
own learning and their self- regulated learning (MoNE, 2005a).

Higgins (1997) stated that sixth and seventh grade students who had been
given the teaching of problem solving had gained positive attitudes. Verschaffel
et al. (1999) have found that the teaching of problem solving given to fourth and
fifth grade students has helped them in solving mathematical application
problems and that students have been able to learn problem solving strategies.

Altun and Sezgin-Memmun (2008) designed an experimental study to
examine the effect of problem solving to prospective mathematics teachers’
percieved use of problem solving strategies. Results revealed that the instruction
increased the trainees’ success of problem solving at different levels and that
simplifying the problem, looking for a pattern, reasoning, writing a diagram,
making a systematic list, guessing and checking, and working backwards,
respectively were the most effective.

Arslan (2003) conducted an experimantal study to investigate problem
solving strategies training on seventh and eighth grade elementary students. The
results showed that seventh and eighth grade students could learn problem
solving strategies.

It is important to distinguish between Polya’s model itself and solving
strategies. Polya’s four stages provides a general picture of how to move through
the process of solving a problem, whereas strategies are tools that may be useful

at various points in the problem solving process (Rey et al, 2007).

2.6 The Role of the Teacher in Problem Solving

NCTM defines the teacher’s role as one of promoting a problem solving
approach to the learning of all mathematics content. “The teachers role in
choosing worthwhile problems and mathematical tasks is crucial” (NCTM, 2000,
p. 53). In many cases students seem to feel that a problem can only be solved in a

specific way, specific to the type of problem being taught. Students often feel that
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an algebraic approach is the only procedure that will work (Posamentier and
Krulick; 1998). In fact, it is often the teacher themselves who are not aware of the
many problem solving strategies that can be used to provide efficient and elegant
solutions to many problems. It is often they who unconsciously convey to their
students the notion that problem can only be solved using an algebraic approach.

As Buschman (2003) mentioned, the role of the teacher in problem-solving
classroom is:

e Creating a classroom environment that supports and facilitates learning

how to become a problem solver.

e Posing challenging problems for student to solve.

o Facilitating discussions and help a student understand each solution.

e Modeling how to ask questions that encourage clear and complete

explanations such as “I do not understand.”

e Using student’s solutions to reinforce learned skills or teach new skills.

e Asking probing and encouraging questions.

Certain mathematics teachers plan to teach problem solving as a seperate
topic where students may apply skills that have already been taught. Problem
solving is not just a method in mathematics, but a major part of learning
mathematics (MoNE, 2005a). The teacher should use well selected problems to
engage students and launch mathematical lessons. In NCTM (2000) “good
problems can inspire the exploration of important mathematical ideas, nurture
persistence and reinforce the need to understand and use various strategies,
mathematical properties and relationship. Therefore, different ideas, different
answers, mathematical relations could emerge and become the main point of the
discussion.

Teachers should engage students in mathematical discourse about problem
solving which includes discussing different solutions and solution strategies for a
given problem and how solutions can be extended and generalized. “Teachers
play an important role in the development of students’ problem-solving
dispositions by creating and maintaining a classroom environment, in which

students are encouraged to explore, take risks share failures and successes and
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question one another. In such supportive environments students develop
confidence in their abilities and explore problems and will be more likely to pose
problems and persist with challenging problems” (NCTM, 2000, p.53).

Buschman (2003) stated that teachers sometimes are not aware of the
numerous problem solving strategies that can be used to provide efficient and
elegant solutions to many problems. Students should be exposed to traditional
problem solving strategies as additional ways of problem solving instead of being
taught that these strategies are the only way problems can be solved. Direct
instruction of problem solving strategies can take place after students have
created their own strategies for solving a wide range of problems.

In addition, teachers can ensure that they help all children with problem
solving including their special needs, by managing their time, managing the class
routines appropriately and assisting student needs by using compensatory
strategies to adjust instructions to the needs of individual students (Rey et al,
2007).

Teachers should help students become problem solvers by selecting rich and
appropriate problems, orchestrating their use, and assessing students
understanding and use of strategies (NCTM, 2000). Additionally, teachers should
not limit students to using only the strategies that are discussed in the classroom;
they should always encourage students to generate their own ideas about how to
approach new situations. If some students are successful using a strategy that has
have not been discussed, teachers should encourage them to share their ideas with
the rest of the class (Rey et al, 2007).

It is indicated in the MoNE (2005) that teachers should select problems
which are interesting and useful for their students, that teachers are expected to
value different ways of solution to the problems, and give more importance to

students’ strategies instead of merely focusing on the right answers.
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2.7 Definition of Self-Regulation According to Different Approaches

Bandura (1986) defined self-regulation, as the ability to control our own
behavior and that it is the workhorse of human personality. Bandura suggests
three steps: (1) Self-observation, we look at ourselves, our behavior and keep tabs
on it; (2) Judgment, we compare what we give or we see with a standard, (3)
Self-response, if we did well, compared to our standard, we give ourselves
rewarding self-responses. If we did poorly, we give ourselves punishing self-
responses. Self-regulation refers to self-generated thoughts, feelings and
behaviors that are oriented to attaining goals (Zimmerman, 2000a). These
learners are proactive in their efforts to learn because they are aware of their
strengths and limitations and because they are guided by personally set goals and
task related strategies, such as using an arithmetic addition strategy to check the
accuracy of solutions to a subtraction problem.

According to Pintrich (2004), self-regulation is an active constructive
process whereby learners set goals for their learning and then attempt to monitor,
regulate and control their cognition, motivation and behavior, guided and
constrained by their goals and the contextual features in the environment.

According to a recent definition, self-regulation is conceived of as an
overarching construct covering certain aspects, such as self-regulation the
regulation of one’s health and stress management, which in turn covers lower
level activities such as use of strategy and self-observation (Ross et all, 2003).

Self-regulation is important because a major function of education is the
development of lifelong learning skills. After graduation from high school or
college, young adults must learn many important skills informally. For example,
in business settings, they are often expected to learn a new position, such as
selling a product, by observing the proficiency of others and by practicing on
their own. Thus, in daily life every person attempts to self-regulate his or her
functioning in some way to gain goals in life and that it is inaccurate to speak
about unself-regulated persons or even the absence of self-regulation

(Zimmerman, 2000a).
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2.8 Self-Regulated Learning (SRL)

Self regulated learning has been defined and modeled from a variety of
theoretical perspectives and frameworks (Ross et al, 2003). One of the most
commonly used and frequently cited definitions of self-regulated learning
identifies the self regulated learner as one who is behaviorally, metacognitively,
and motivationally active in his or her own learning (Zimmerman and Martinez-
Pons, 1988).

Research into self regulated learning has produced a variety of theoretical
models in an effort to identify the many variables that make up this multifaceted
construct. Among these models are Biggs’ (1978, 1985) model of metalearning,
Zimmerman’s (1989, 2000) social cognitive view of academic self regulation,
Winne’ s (1995) Four Stage Model of Self Regulated Learning, and Pintrich’s
(2000) general framework for self regulated learning.

Based on Bandura’s (1986) triadic model, a social cognitive perspective
of self-regulated learning views self regulation as the interaction of personal,
behavioral and environmental processes. Further expanding on this triadic model,
Zimmerman (2000) asserts that from a social cognitive perspective, self
regulatory processes occur through three phases: forethought, performance or
volitional control and self regulation processes. The forethought phase includes
such processes as goal setting, strategic planning and self motivational beliefs.
The second phase of self regulation, performance or volitional control includes
such processes as self instruction and implementing task strategies. The third
phase includes such processes as self judgment and self evaluation.

According to Zimmerman (1989), the development of self regulation is
dependent upon social, environmental, and behavioral triadic influences. There
are four levels of development of self-regulated learning: observation, imitation,
self-control, and self-regulation. Novice learners acquire self-regulated learning
skills mainly through observing models and receiving proper feedback. When the
learner’s performance approximates the model, an imitative level is attained. The
learner’s use of self-regulated learning strategies has become internalized at this

stage but still not fully independent of the model’s performance. The fourth
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stage is not attained until the learner is capable of systematically adapting the
learning strategies to changing personal and contextual situation.

Pintrich (1989) synthesizes some of the various models of self regulated
learning in an effort to develop a general framework. According to the framework
SRL, there are four phases of self regulation: forethought, planning and
activation; monitoring; control; and reaction and reflection. The first phase
includes the learner’s perceptions and knowledge of the task. The second phase,
involves metacognitive processes such as planning. The third phase, involves
such processes as the selection and adaptation of cognitive strategies. The fourth
phase, reaction and reflection, involves reflections on both aspects of the self and
of the learning context.

At each phase, the learner regulates cognition, motivation\affect,
behavior, and the learning context. Hence, according to Pintrich’ (2004)
synthesis, in phase 1, the learner engages in such processes as developing
perceptions of the task including task demands and activating his or her prior

knowledge. This framework is presented in Table 2.1.
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Table 2.1 Areas for Regulation

Phases & Cognition Motivation/ Behavior Context
relevant Affect
scales
Phase | Target goal Goal Time and effort Perception of
Forethought setting orientation planning task
planning Prior content adoption Planning for self-  Perception of
activation knowledge Efficacy observations of context
activation judgments behavior

Metacognitive  Perception

knowledge of task
activation difficulty
Task value
activation
Interest
activation
Phase Il Metacognitive ~ Awareness  Awareness and Monitoring
Monitoring  awareness and and monitoring of changing

monitoring of  monitoring  effort, time use, task and
cognition of need for help context
motivation Self-observation  conditions

and affect of behavior

Phase IlI Selection and Selection  Increase/decrease Change or
Control adaptation of and effort renegotiate
cognitive adaptation of Persist, give up task
strategies for  strategies for Help seeking  Change or
learning, managing, behavior leave context
thinking motivation,
and affect
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Table 2.1 (continued)

Phase IV Cognitive Affective Choice behavior  Evaluation of
Reaction judgments reactions task
and
reflection
Relevant Attributions Attributions  Effort Regulation  Evaluation of
MSLQ Rehearsal Intrinsic Help-Seeking task
Scales Elaboration Goals Time/Study Evaluation of
Organization Extrinsic Environment context
Critical Goals Peer
Thinking Task Value Learning
Metacognition  Control Time/Study
Beliefs Environment
Self-
Efficacy

Test Anxiety

As seen from Table 2.1, in phase 2, during monitoring, the learner

engages in such processes as metacognitive monitoring. In phase 3, the learner

selects and implements appropriate cognitive strategies in response to task

demands. Finally in phase 4, the learner must evaluate his or her task

performance, make attributions for his or her successes and failures, and reflect

on the effectiveness of his or her cognitive and motivational strategies.

In this study, Pintrich’s (2000) general framework for self regulated

learning will be used as a theoretical base based. According to this framework

there are four phases of self regulation: forethought, planning and activation;

monitoring; control; and reaction and reflection, and the cognition, behavior and

context areas contributed as a basis in this study.
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2.9 Self-regulatory Strategies

Although there are a number of different models derived from a variety of
different theoretical perspectives, most models assume that an important aspect of
self-regulated learning is the students‘use of various cognitive and metacognitive
strategies to control and regulate their learning.

Rehearsal, elaboration and organizational strategies were identified as
important cognitive strategies related to academic performance in the classroom.
Rehearsal strategies involve the recitation of items to be learned or the saying of
words aloud as one reads a piece of text. Highlighting or underlining text in a
rather passive and unreflective manner also can be more like a rehearsal strategy
than an elaborative strategy. These rehearsal strategies are assumed to help the
student attend to and select important information from lists or texts and keep this
information active in working memory; however they may not reflect a very deep
level of processing.

Elaboration strategies include paraphrasing or summarizing the material
to be learned, creating analogies, generative note-taking, explaining the ideas in
the material to be learned to someone else and question asking and answering.

Organizational strategy includes behaviors such as selecting the main idea
from text, outlining the text or material to be learned, and using a variety of
specific techniques for selecting and organizing the ideas in the material.
Contrary to rehearsal strategies, organizational strategies have been shown to
result in a deeper understanding of the material (Newton, 2000).

Most models of metacognitive control or self-regulating strategies include
three general types of strategies: planning, monitoring and regulating. Planning
activities include setting goals for studying, skimming a text before reading,
generating questions before reading a text, and doing a task analysis of the
problem. These activities seem to help the learner plan their use of cognitive
strategies and also seem to activate or prime relevant aspects of prior knowledge
thus making the organization and comprehension of the material much easier.

Monitoring activities include tracking of attention while reading a text or

listening to a lecture, self-testing through the use of questions about the text
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material to check for understanding; monitoring comprehension of a lecture, and
using test-taking strategies in an examination situation. In order to be self-
regulating, there must be some goal or standard or criterion against which
comparisons are made in order to guide the monitoring process. Metacognitive
activities were seen as partly the monitoring of comprehension where students
check their understanding against some self-set goal.

Regulation strategies are closely tied to monitoring strategies. As students
monitor their learning and performance against some goal or criterion, this
monitoring process suggests the need for a regulation process to bring behavior
back in line with the goal or to come closer to the criterion. For example, as
learners ask themselves questions as they read in order to monitor their
comprehension, and then go back and reread a portion of the text, this rereading
is a regulatory strategy. Another type of self-regulatory strategy for reading
occurs when a student slows the pace of their reading when confronted with more
difficult or less familiar text. During a test, skipping questions and returning to
them later is another strategy that students can use to regulate their behavior. All
these strategies are assumed to improve learning by helping students correct their
studying behavior and repair deficits in their understanding (Newton, 2000).

2.10 Motivation in SRL

Student learning is not only influenced by cognitive processing,
environmental control utilization, and metacognition, but also by motivation
(Zimmerman, 2000). Self-regulated learners possess motivational beliefs that
support  their  coordination of cognitive processing, environment
control/utilization and metacognition. Motivation includes confidence in one's
ability to succeed by exerting strategic effort and recognition that success often
comes only after some frustration (Zimmerman, 2000). Years of success through
reflective coordination of cognitive processing, environmental control utilization
and metacognition have produced "appropriate self-confidence about academic
abilities, which in turn motivates future academic efforts and thus self-regulated

cognition is dynamically related to motivational beliefs. both fueled by such
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beliefs and fueling them™.

Self-regulation is tied to motivation in a number of ways. If successful
learning is felt to be due to self-regulation, this places success in the control of
the learner. With an attribution of this kind, learners are less likely to feel
helpless and to be demotivated. The self-regulated learner is likely to feel a great
degree of autonomy than the externally regulated learner. There are three general
types of motivational beliefs: self-efficacy beliefs, task value beliefs and goal
orientations.

Zimmerman (2000) uses the construct of self-efficacy as a key personal
factor in their view of SRL. According to Bandura (1986), self-efficacy refers to
personal beliefs about one's capabilities to learn or perform behaviors and skillful
actions at desired levels . Self- efficacy has consistently been found to be related
to cognitive processing, environmental control/utilization, and metacognition as
well as academic success. Effective SRL depends on holding an optimal sense of
self-efficacy for learning. Students who feel efficacious about learning choose to
engage in tasks, select effective strategies, expend effort, and persist when
difficulties are encountered. Self-efficacy has been defined as individuals’ beliefs
about their performance capabilities in a particular domain. The construct of self-
efficacy includes individuals’ judgements about their ability to accomplish
certain goals or tasks by their actions in specific situations. The findings for self-
efficacy showed very positive relations between self-efficacy and self-regulated
learning for both middle school and college students. Students who felt more
efficacious about their ability to do well in the course were more likely to report
using all three types of cognitive strategies (rehearsal, elaboration, and
organizational strategies) Students high in self-efficacy were more likely to be
cognitively involved in trying to learn the material in comparison to those low in
efficacy, even if some of their strategies (i.e., rehearsal) were not deep level
comprehension strategies. Self-efficacy also was positively related to self-
regulatory strategies such as planning, monitoring, and regulating.

In achievement dynamics, there are three components of task value: the

individual’s perception of the importance of the task, their personal interest in the
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task and their perception of the utility value of the task for future goals. Task
value beliefs were correlated positively with cognitive strategy use including
rehearsal, elaboration, and organizational strategy. Students who reported higher
levels of interest and value were more likely to report that they were using more
strategies to monitor and regulate their cognition.

There are three general orientations concerning goal orientation theory: a
mastery goal-orientation, an extrinsic orientation and a relative ability orientation.
A mastery goal orientation refers to a concern with learning and mastering the
task using self-set standards and self-improvement. An extrinsic orientation
includes a focus on getting good grades and pleasing others (teachers, parents) as
the main criterion for judging success. A relative ability orientation refers to a
concern with comparing one’s ability or performance to others and trying to
better them, to do better than others on the task. In one study, consistent relations
have been found between different goals and self regulation. Mastery goals were
strongly positively related to the use of cognitive strategies as well as self-
regulatory strategies. Mastery goals were related to actual performance in the
class. Extrinsic goals were the only motivational variable that showed consistent
negative relations to self-regulated learning and performance. Students concerned
with being better than others did report using more cognitive and self-regulatory
strategies and also performed better in class.

Pintrich (2000) has shown that motivation (i.e., intrinsic motivation and
self-efficacy) has a substantial impact upon SRL adoption of a learning and
mastery orientation and positive evaluations of competence lead to greater use of
cognitive processing, environmental control/utilization, and metacognition. SRL,
in turn, leads to higher levels of motivation.

In summary, motivation, involving intrinsic motivation and self-efficacy,
has a substantial impact upon SRL, cognitive processing, environmental

control/utilization, and metacognition.
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2.11 SRL Strategies and Academic Achievement

Zimmerman and Martinez-Pons (1986) found after a research study that
high achieving students displayed significantly greater use of all SRL strategies
and significantly less use of “other” responses than the low achievement group
except for self-evaluation. In addition, students’ self-report of SRL strategies had
a significant positive correlation with their standardized test performance.

This finding was supported by another study by Zimmerman and
Martinez-Pons (1988). High achieving students were found to use more learning
strategies and were more likely to seek help from instructors compared with low
achieving students. Students who need help the most were least likely to seek
help. Another important finding of this study was that successful students tended
to be aware of how well they had done on a test even before getting it back from
the instructor indicating the importance of monitoring performance.

An important finding from Pape and Wang’s (2003) study is that it is the
number of different strategies or different categories of strategies reported rather
than the total number of strategies reported that was significantly related to
students’ mathematics and reading achievements. This implies that with limited
number of different strategies and limited number of categories of strategies
available, less successful students simply cling to the same strategies available to
them.

What are the processes that underlie self-regulatory knowledge? Self-
regulated learning theorists view learning as a process that occurs in three major
phases identified as (1) forethought, (2) performance and volitional control, and
(3) self-reflection (e.g., Zimmerman, 1998). According to Zimmerman (2000),
the forethought phase ‘refers to influential processes and beliefs that precede
efforts to learn and set the stage for such learning’. The second phase ‘involves
processes that occur during learning efforts and affect concentration and
performance’. The third phase involves ‘processes that occur after learning efforts

and influence a learner’s reactions to that experience’.
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2.12 SRL and Problem Solving

The Principal and Standards for School Mathematics contains five content
standards, which delineate important content students are to learn, and five
process standards, which describe capabilities with which all students should
leave from the mathematics classroom (NCTM, 2000). Among these process
standards is problem solving, which defines ways of thinking and knowing, a
stance toward learning, and abilities mathematics students should possess.
"Students should have frequent opportunities to formulate, grapple with, and
solve complex problems that require a significant amount of effort and should
then be encouraged to reflect on their thinking" (p. 52). According to this
standard, mathematics instruction should, for example, enable students to, "apply
and adapt a variety of appropriate strategies to solve problems” and to "monitor
and reflect on the process of mathematical thinking™ (NCTM, 2000, p. 52). These
behaviors are very similar to those discussed within SRL literature, including
monitoring progress toward solutions; adjusting behavior depending on
observations of progress; reading and listening carefully to ensure understanding;
planning frequently; considering alternative strategies; and reflecting on one's
progress(Pape and Smith, 2002).

Problem solving is perhaps the area of mathematics in which self
regulation is most apparent (Mayer, 1992). Successful problem solvers are
strategists in developing an understanding of a problem and forming a concrete or
mental problem representation. As a student reads a problem, he or she may write
down pertinent information, draw a picture, or create a table for the elements of
the problem. These discrete components are brought together in a coherent
mental representation of the relationships between the problem elements. Next,
the student plans a solution strategy, which necessarily depends on the
representation formed. Each of these phases, representation and solution, depends
on specific types of knowledge structures and the coordination of these types of
knowledge (Mayer, 1992).

Within the realm of mathematical problem solving, self-regulation

translates into careful decoding of the problem text and analyzing the
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relationships between and among the problem's components to form a mental
model for the problem. Given this mental representation, the problem solver
chooses a mathematical algorithm, or procedure, to solve the problem. Once
chosen, the individual must monitor how to carry out the algorithm toward a
solution. Finally, the problem solver must check his or her solution in relation to
the given problem. Each of these steps involves forethought and planning,
monitoring the fidelity of the solution process, and reflecting on the problem to
determine whether the representation formed is accurate and whether the solution

process is successful
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CHAPTER 3

METHODS OF THE PRESENT STUDY

This chapter explains the description of the overall research design,
participants of the study, instruments, the treatment procedure, the variables,
methods for analyzing data, treatment verification and power analysis.

3.1 Research Design

In this study, not the individuals but the groups were randomly assigned to
experimental and control groups. Hence, the study was a quasi experimental
design (Fraenkel & Wallen, 1996). Table 3.1 presents an outline of the research

design.

Table 3.1 Research design of the study

@) X @)
(Test) (Treatment) (Test)
BMAT Questioning BMAT
. Problem
Experimental Group MPST Solving MPST
Approach
MSLQ MSLQ
Time Duration One-week 10 weeks One-week
BMAT Traditional BMAT
Problem
Control Group MPST Solving MPST
Approach
MSLQ MSLQ
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As seen in Table 3.1. firstly, pretests were given to both control and
experimental groups. The experimental group was instructed by questioning
problem solving approach. In contrast, control group was instructed traditional

approach. Post tests were given to all groups after the treatment periods.

3.2 Participants of the Study

The most appropriate sampling is convenience sampling when it is really
difficult to select a random sample of individuals (Fraenkel & Wallen, 1996).
Considering the administrative and physical structure of the elementary education
department in the university, the effort and the ongoing curriculum, it was nearly
impossible to select a sample by simple random sampling. Accordingly, the
subjects of the study consisted of (n=110) first grade pre-service elementary
teachers of the elementary teacher education division at a public university in
Central Anatolia Region during the spring semester of the 2007-2008 academic
year. In this division all first grade pre-service teachers were divided into four
sections. All sections were involved and formed the sample of the research. The
administration of the department joined Section A and Section D into one group
and Section B and Section C into another group. So not the individuals but the
groups were assigned randomly as experimental and control groups. The number
of students in each group with respect to gender is given in Table 3.2.

Table 3.2 The distribution of the subjects in EG and CG respect to gender

Groups
EG (%) CG (%) Total
Female 42 (75.4) 43(79.2) 84 (77.3)
Male 12 (24.6) 14(20.8) 26 (22.7)
Total 53 (100) 57(100) 110 (100)

As can be seen in Table 3.2, a total of 57 students in the control group
were instructed by traditional problem solving approach while 53 students in
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the experimental group were lectured by questioning problem solving approach.
One instructor and 110 first grade pre-service elementary teachers were involved
in this quasi-experimental study. Additionally, Table 3.2 represents the group’s
general characteristics with respect to gender. Within groups, it could easily be
seen the distinction between the number of female and male students. This

discimination is a usual picture in division of elementary teacher education.

3.3 Instruments

In order to collect data, the Basic Mathematics Achievement Test, the
Mathematical Problem Solving Test, Motivated Strategies for Learning
Questionnaire (MSLQ), Treatment Evaluation Form and the observation
checklists were used. Additionally, interview were used to collect data three
times during the treatment in this study

3.3.1 Basic Mathematics Achievement Test

The purpose of the Basic Mathematics Achievement Test was to
investigate pre-service elementary education teachers’ basic mathematics
achievement. This test consists of 12 open-ended questions and covers the
concepts of the Basic Mathematics Il Course. This 12 open- ended questions
were prepered to adress the learning goals specified in the Higher Education
Council.

To analyze the students’ answers in details and to understand their
mathematical solutions and computations, open-ended questions were used. The
test combines typical mathematical achievement questions and piloted with third
grade pre-service elementary teachers in the same department of same University.
This test was used for both pretest and posttest in this present study and is
presented in Appendix C.

The test covers the following concepts: definition of an equation in algebra,
equations on unknown first and second degrees, relation and function concepts

and samples, graphs of functions (line, parabola, etc.), fundamental theorems on
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plane, points on space, line and plane, lines and angles, polygones, triangle,
quadrilaterals (four sided polygones), circles, perimeter and area of planar of two
dimentional objects, volume and surface area of three dimensional objects (cube,
prism, cylinder, pyramid, cone, sphere, etc.). The test content and objectives were
determined according to Higher Education Council.

The researcher is familiar with the concepts and has more experience about
fisrt grade pre-service teachers’ mathematical knowledge, their backgrounds and
mathematical achievement because of having being instructed in Basic
Mathematics Course until 2001. The table of specifications was formed by using

Bloom’s Taxonomy.

Items three through seven, were developed by a researcher, item two
adapted from MoNE (2005a), item one adapted from Olkun’s (2006) unpublished
basic mathematics lecture notes, item twelve is an adapted Secondary Education
Entrance Examination (OKS) question.

The validity of the test in terms of gathering face and content-related
evidence was provided by writing on a piece of paper; the characteristics of the
sample and the description of the test in terms of the objectives they intended to
measure. Afterwards, Then this paper along with the instrument was given to the
experts. One mathematics education professor, one associate professor, one
assistant professor, two instructors two doctoral students and two graduate
students from mathematics education were involved to obtain face and content
validity. They judged whether the test items were appropriate to the grade level
and of the measurement. The test received its final form after getting their
opinions and agreements. A pilot study for this instrument was conducted with
100 third grade pre-service elementary teachers from the same department. The
value of Cronbach alpha from the post implementation of the BMAT was 0.76.

To score the students’ responses to each question in BMAT, the five-point
rubric was used. This rubric was developed by the researcher. The highest point
of 5 indicated a complete understanding of underlying mathematical concepts and
procedures while the lowest point of 0 was given for irrelevant or no responses.

The minimum and maximum possible scores from the test items are 0 and 60
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points, respectively. To measure internal consistency reliability, an expert in the
field was involved in the study. After completion of the post test the researcher
and an expert graded the scores with respect to rublic and internal consistency.
Correlation coefficient was calculated between the researcher scores and expert’s

scores 0.93.

3.3.2 Mathematical Problem Solving Test

The mathematical Problem Solving Test consisted of mathematical
problems which were related with the topics of the Basic Mathematics Course II.
This test consists of 17 open-ended questions and is given in Appendix B. The
purpose of this test is to obtain data about pre-service teachers’ mathematical
problem solving performance.

In developing an items process, researcher constructed an item bank by
reviewing the literature. These items were selected and adapted with respect to
the first grade pre-service teachers’ mathematical knowledge, backgrounds and
reasoning and their cognitive level. Problems were selected to cover every
concept of the Basic Mathematics Course Il, (e.g., definition of an equation in
algebra, equations on unknown first and second degrees, relation and function).
After conducting an item pool, the selected items were re-selected again and
checked by the adviser and the researcher, by considering problem type, problem
originality, and the number of their solution strategy that can be considered. In
this process the important criterion for selecting problems is, suitability - having
at least problem solving strategy in its solution.

All items except four of them were adapted form related literature. Problem
2, 3, 13, 14 were adapted from Posamentier’s (1998) book. Problem 4 and 5 were
adapted from MoNE (2005a). Problem 7, 12 and 16 were adapted from Olkun’s
unpublished basic mathematics lecture notes. Problem 15 was an OKS question,
problem 6, 8, 9 and 10 were developed by the researcher. Other problems were
adapted from a variety of mathematics books and literature.

In obtaining evidence on the face and content validity of this instrument,

these same mathematics educators and experts were involved, as mentioned
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before, for basic mathematics test face and content validity. Before the
implemetation, they judged whether the problems are appropriate for grade level
and measurement. They solved the problems and checked whether they are
solvable by at least two different solution strategies or not. The test received its
final form, with respect to their opinions. The pilot study, was conducted with
third grade pre-service teachers from the same department which had similar
characteristics involving socio-economic status and mathematical knowledge.
The value of Cronbach alpha from the post implementation of the MPST was
measured at .70.

To score the students’ responses to each problem a MPST, five-point
holistic grading rubric was used. This rubric was developed by Umay (2007). The
researcher preferred to use holistic rubric instead of an analytic one, thus
assigning a numerical score to the total solution of a problem based on criteria
related to the specific thinking process. Holistic grading rubrics focus on the total
solution and process, not just on the answer. The highest point of 5 indicated a
complete and appropriate solution and answer while the lowest point of 0 was
given for irrelevant solution or answer or no responses. The minimum and
maximum possible scores from the test items are 0 and 85 points, respectively.

To measure internal consistency reliability, an expert in the field was
involved in the study. After completion of the post test, the researcher and an
expert graded the scores with respect to rublic and correlation coefficient was
calculated between the researcher scores and expert’s scores 0.92.

In this study this test was used in both experimental and control groups

as pretest and post test.

3.3.3 Motivated Strategies for Learning Questionnaire (MSLQ)

This scale was originally developed by Pintrich, Smith, Garcia, and
McKeachie in 1991. It is a self-report, seventh point likert-scaled instrument. It
was designed to assess perceived motivation and use of learning strategies by
students. In this study the Turkish version was used which was adapted by
Sungur (2004). Sungur adapted MSLQ to the Turkish language to assess high

school students’ perceived motivation and  perceived use of learning

52



strategies. When considering the age of participants of this present study, it was
deemed appropriate to use this Turkish version. This instrument is presented in
Appendix A. The motivation scales divide into three subscales: value component
(intrinsic and extrinsic goal orientation, task value), expectancy components
(control beliefs about learning, self-efficacy), and affective components (test
anxiety). The learning strategy scale is comprised of two scales, which can be
distinguished as cognitive and metacognitive and research management
strategies. The cognitive and metacognitive strategies are assessed by (a)
rehearsal, (b) elaboration, (c) organization, (d) critical thinking and (e)
metacognitive self regulation subscales. Resource management strategies include
() time and study environment management, (b) effort management, (c) pear
learning, and (d) help seeking. In total this questionnaire incorporated fifteen
subscales. The Turkish version consists of 81 items, 50 of them are related with
learning strategies and 31 are about motivation.

All items were scored from “not at all true of me” as 1, to “very true of
me” as 7. Negatively worded items were reversed to a positive direction for

scoring purposes.

For a pilot study, MSLQ was conducted with all third grade pre-service
teachers in the same department of the same university before administered as pre

test. Explanations of subscales were given as the following:

Intrinsic goal orientation was measured as to whether students perceive
themselves participating in a task for challenge, curiosity and mastery. This
subscale consisted of four positive worded items such as “In a class like this, |

prefer course material that really challenges me so I can learn new things.”

Extrinsic goal orientation was measured whether students purpose in a
task is grades, rewards, performance, evaluation by others and competition. This
subscale consisted of four positive worded items such as, “Getting a good grade

in this class is the most satisfying thing for me right now. ”

The task value sub-scale’s purpose was to evaluate student’s perception of

course material with regard to interest and utility. This subscale involved six
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positive worded items such as, “I am very interested in the content area of this
course.”

Control of learning beliefs, was assessed as to whether students believes
that their efforts contribute to positive outcomes. This subscale, consisted of four
positive worded items such as, “If I study in appropriate ways, then I will be able

to learn the material in this course.”

Self-efficacy for learning and performance in mathematics was assessed
as to whether students’ judgement on one’s ability to accomplish a learning task.
This subscale consisted of eight positive worded items such as, “I am confident I

can understand the basic concepts taught in this course.”

Test Anxiety subscale consisted of five positive worded items such as,
“When | take tests | think of the consequences of failing.”

Learning Strategies Scales consisted of cognitive metacognitive strategies
and resource management strategies. Cognitive strategies subscale consists of 19
positive worded items with four subscales. The first subscale is rehearsal which
measured the use of rehearsal that emphasizes the repetition of information in a
task. “When I study for or this class, I read my class notes and the course
readings over and over again” could be given as a sample item form this subscale.
The second subscale, elaboration, measured the use of elaboration strategies such
as, paraphrasing, summarizing, organizing and note taking. This subscale
involved six positive worded items such as, “I try to relate ideas in this subject to
those in other courses whenever possible”.

The next subscale is organization which measured the students’ perceived
use of organization strategies such as clustering, outlining, selecting the main
point from the text. This subscale involved four positive items such as, “I make
simple charts, diagrams, or tables to help me organize course material”

The last subscale of cognitive learning strategies is critical thinking. This
strategy measures as to whether students apply previous knowledge to a new
situation. A sample item is, “Whenever I read or hear an assertion or conclusion
in this class, I think about possible alternatives.” The critical thinking subscale

involved five positive worded items.
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Metacognitive self regulation strategies involved twelve items in which 2
of them were worded negatively. This subscale measured students perceived
matecognitive strategies such: as; planning, monitoring and regulating in a
learning task. “When reading for this course, | make up questions to help focus
my reading” and “When I become confused about something I'm reading for this

class, I go back and try to figure it out” can be given as samples.

Resource management strategies involved four subscales. The first is
time and study environment management. This subscale consists of eight items in
which two of them are negatively worded. The items measured the students’ time
management strategies and arranged an environment where they could study
efficiently. “I usually study in a place where | can concentrate on my course
work” and “I make good use of my study time for this course” are samples of
items in this scale.

Effort regulation consisted of four items that measured students’
performance to complete the task when they encountered challenges. This scale
consisted of four items such as, “l work hard to do well in this class even if |
don't like what we are doing”. Two of them were negatively worded.

Peer learning items measured students’perceived strategies that
collaborate with their peers in their learning process. This scale cocnsited of three
positive worded items such as, “When studying for this course, I often try to
explain the material to a classmate or friend”.

Help seeking included four items to measure students’ perceived
strategies to identify someone from whom they can receive assistance. Two of the
items were negatively worded and, “I ask the instructor to clarify concepts | don't
understand well” is given as a sample item.

The reliability coefficient of all scales from the post implementation is
presented in Table 3.3 below
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Table 3.3 Reliability coefficients of scales on MSLQ

Number Present Sungur’study

Scale of Items study

Intrinsic goal orientation 4 0.72 0.73
Extrinsic goal orientation 4 0.59 0.54
Task value 4 6 0.85 0.87
Control and learning beliefs 4 0.65 0.62
Self-efficacy for learning and 8 0.89 0.89
performance

Test anxiety 5 0.59 0.62
Rehersal 4 0.68 0.73
Elaboration 6 0.79 0.78
Organisation 4 0.66 0.71
Critical Thinking 5 0.79 0.81
Metacognitive self-regulation 12 0.80 0.81
Time and study environment 8 0.70 0.73
management

Effort Regulation 8 0.62 0.62
Peer learning 3 0.64 0.61
Help seeking 4 0.55 0.57

According to Table 3.3, the value of Cronbach Alpha from the post
implementation range is from 0.55 to 0.89. In this study MSLQ was used in both
experimental and control group as pretest and post test.

3.3.4 Observation Checklists

Classroom observation checklists were developed by the researcher in order
to use the/a rate for treatment verification. The items in observation checklists
were facilitated to ensure that the teacher instructed problem solving only in the
experimental group and the traditional method only in the control group. The
items were developed with respect to the teacher’s behaviors such as relation
with the students, student related behaviors, physical conditions of classrooms
(e.g. lightening in the class).

The treatment in experimental group was questioning problem solving
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approach. This approach was based on Polya’s problem solving approach and
reflected social constructivism. So items were developed according to this
aspects. This Observation Checklist is given in Appendix E.

There were 32 items and responses were seven points, Likert type scale. All
items were scored from “bad” as 1, to “good” as 7.

Two graduate and one doctoral students were involved as independent
observers in this study. One of them observed both the control group and the
experimental group. Others observed seperately the experimental and control
group, so two observers attended regular lessons of the experimental and control
group classes. The reasearcher gave information about the treatment, process, the
teacher’s role in the experiement group before the implementation. They sat at a
desk in the classroom and filled the observation checklists for experiment and
control group during the lesson. The items on this check list were conducted as to
whether the treatment was applied as intented in both groups or not and

additionaly to avoid one important internal validity; researcher bias.

3.3.5 Interviews

The general aim of these interviews is examine the fourth reserach
question “How does the student’s problem-solving performance change during
the study according to the Polya’s phases?”. Interview task protocols were
conducted by the researcher with experimental group’s participants three times
during the process.

Interview questions were structured but follow up probing questions were
also used. Open-ended questions used to measure students’ performance with

respect to Polya’s problem solving four-phases;

1. Understand the problem;define the problem by identifying various problem
basics and how they are related,

2. Devise a plan ; examine the different elements of a problem from a variety of
ways to identify a solution method that will work,

3. Carry out the plan ; carry out the chosen strategy and evaluate the accuracy

through reasoning,
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4. Look back; applying and reflecting on the results and consequences, asking if a
different method could be applied.
Some questions of the semi-structured interview task protocol are given

as follows:
“What did you do first when given the problem?” Next?

“What question is asked in the problem? What are the important facts,
conditions in the problem? Do you need any information not given in the

problem?
“Is there anything you don’t understand about the problem? *
Have you made a plan to solve the problem, if yes, what kind of a plan?
“What strategy are you using?”
“Are you sure this is the correct answer?” Why?
“Did you check your answer?” Why?
“Do you think it is important to check your answer” Why?
“Is this problem like any other problem you have solved? How?

The think aloud interview protocol was tested with eight students. They
were chosen randomly from the low, high and moderate achiever groups. Their
previous year mathematics grade were used for determination of their

achievement level. One expert views were taken for providing content validity.

The interview process involved the purposeful sampling of 8 students
from experimental group. Eight students were selected with respect to their
perivous year mathematics class. Purposeful sampling, as used in qualitative
research methods, selects information rich cases for in-depth studies (Maxwell,
1996; Patton, 1990). The researcher informed the interview participants about the
purpose and the content of the interview, and then the researcher asked each of

the participant’s permission to record all the interview session by audio recorder.

Each interview lasted approximately 30-40 minutes. During the

interviews, there were some rules that the researcher had to obey and situations
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that the researcher provide for the participating interviewers. Firstly, the
researcher informed the interview participants about the purpose and the content
of the interview, and then he or she asked each of the participant’s permission to
record all the interview session by audio recorder. For facilitating understanding
of students’ thoughts, it is crucial that the participants feel comfortable and
willing to give honest answers to the questions. These interviews took place in a
meeting room that arranged for students’ schedules. In addition, during each

interview, the researcher paid careful attention to listen to the students.

The researcher conducted three interviews during the treatment with
participants in the experimental group. The first was conducted during the first
week of the treatment to understand their situation in the problem solving
process, the second one took place in the fifth week which was the mid-term of
the treatment duration and the last took place during the last week. In every
interview duration students tried to solve 2 problems. These problems were
selected by taking into consideration solving test sections for mathematical
problems. For facilitating understanding of students thoughts, it is crucial that the
participants feel comfortable and willing to give honest answers to the questions.
Hence, the subjects were told that they have the freedom to express any views or
concerns they had about the session during the interviews. Aside from this,
during each interview, the researcher paid careful attention to listen to the
students. The data were coded by two different researchers to strenghten the

reliability of the qualitative analysis results.

3.3.6 Treatment Evaluation Form

This questionnaire was developed by the researcher to learn the pre-service
teachers’ general opinions about the treatment. It consisted of four open-ended
questions. The questionnaire was applied to only experimental group in the last
week of the session. According to responses, pre-service teachers’ opinions about
the problems that were solved in the lessons, implementation of the treatment,

negativities of treatment in application, positive and negative aspects of treatment
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in application classroom were defined. The general aim of using this form is to
define and understand students’ perspective about the treatment during the
semester. One expert views were taken to provide content validity. The data were
coded by two different researchers to strenghten the reliability of the qualitative

analysis results. This questionnaire is given in Appendix F.

3.4 Procedure

The aims of this study were to investigate the effect of the questioning
problem solving approach on first grade pre-service teachers’ basic mathematics
achievement, problem-solving performance, perceived motivation and perceived
use of learning strategies compared to the traditional teaching. To receive the
students’ views related to the effects of the treatment on their learning and to
understand whether problem solving affected the students’ problem solving
performance or not.

The study was conducted in Basic Mathematics Course Il, applied in
Elementary Teacher education division. This was a quasi-experimental study, in
which two different problem solving approach, the questioning problem solving
approach and traditional problem solving approach were compared. In Table 3.4

the overall process throughout the study is presented.

Table 3.4 The outline of this study

Process Period
Determination of key words 2006
Reviewing related literature Since 2006
Development of instruments January 2007- January 2008
Preparation and development of lesson January 2007- January 2008
plans
Piloting of instruments and lesson plans February 2008-June 2009
Application of pretests February 2008
Implementation of the treatment February 2008-June 2009
Application of post tests June 2008
Analysing the data and writing the Since June 2008

dissertation

In the 2006-2007 academic year, this study commenced with the
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determination of these key words: “Self -regulation and mathematical problem
solving” with a detailed literature review relating to mathematics education and
educational science sources. After a detailed examination of the literature and
reading all the obtained documents, the research problems were narrowed and
specified. This phase was a continuing and developing process. During the study
the researcher searched the Dissertation Abstracts International, the Social
Science Citation Index, the Educational Resources Information Center (ERIC),
Internet, the Higher Education Council and Periodicals in METU library, Bilkent
University, Hacettepe University and TUBITAK Ulakbim. In this phase,
undergraduate elementary teacher education students were determined as the
possible sample of the main study. Then the instructional design of the study was
developed. In the curriculum of the elementary teacher education program, only two
mathematics courses are involved which are Basic Mathematics | and Il. Thus,
Basic Mathematics Il was determined to implicate the treatment. For the task of the
study, the researcher did not find a valid and a standardized instrument for the
first grade pre-service teachers’ basic mathematics achievement and problem
solving performance, so after determining the instruction and research questions,
the following steps were taken relating to the development and adaptation of the
instruments.

In developing and adopting the tests process firstly, the Basic Mathematics
Achievement Test was prepared after a lengthly search of the literature. Details
related to the development of this instrument are clarified in Section 3.3.2

The second step in developing and adopting the instrument is the
preparation of the problem solving performance test. The researcher formed a
wide problem type item pool with respect to considering the participants
mathematical knowledge, their cognitive and metacognitive level. All of the
problems are related to the contents of the Basic Mathematics Course Il. Those
problems were selected with the help of the advisor to the researcher with respect
to considering students’s mathematical knowledge, quality of problems and
problem types.

Since the main thesis of the study was the process of problem solving, first,

the problem solving strategies were explored through the resources in
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domestic and foreign literatures and the definitions of the process of problem
solving in textbooks. Differences were found in different resources on the
meaning of strategy. It was finally decided to teach the seven strategies (working
backwards, finding a pattern, adopting a different point of view, accounting for
all possibilities, logical reasoning, making a drawing (visual representation),
writing an equation) selected by taking into consideration the participants' ages,
mathematical skill and the contents of the Basic Mathematics Il Course.

All the other sub steps of the development of this instrument is explained in
detail in Section 3.3.3. The last step was formation of MSLQ. This test was
adapted and originally translated by Sungur in 2004. Sungur (2004) used MSLQ
to measure nineth grade high school students’ perceived biological motivation
and their perceived use of learning strategies in a biology course. Thus, it was
revised in order to use it for a mathematics course.

All of these instruments were piloted with third grade pre-service teachers
in the same department of same university in the first semester of the 2007-2008
academic year. According to the results of the pilot study and related literature,
all of these instruments were formed and validated. The final form of these tests
were administered as pre- and post test to both the EG and the CG.

The development of the lesson plans was the last step before the treatment
period. The resarcher and also the instructer taught Basic Mathematics Courses
until 2001, so both have the experince in first grade pre-service teachers’
characteristics, their content and procedural knowledge and classroom setting.
Before developing lesson plans, several mathematics books, dissertations and
lesson notes of different authors were reviewed and problems were examined.
For the instructional unit addressed in this dissertation, most of the problems
were adapted from different sources or developed by the researcher. Adaptations
were done on the problems, including the appropriateness of the context for the
participants. The instructional unit was controlled in order to assure the
mathematical correctness of the problems and appropriateness to the concepts by

the researcher’s advisor.

Lesson plans were prepared to facilitate the process of treatment instruction
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teaching in experimental classes. They were used to make a more structured
treatment, to prevent consuming time and to apply it easily in experimental
classes. In order to develop the lesson plans, a list of criteria for problem solving
was developed after reviewing the literature.

The researcher prepared 2 or 3 problems for every lesson that can be solved
by using different strategies related to the content of the particular lesson. The
lessons plans were prepared by taking into account the questioning problem
solving by the researcher, and the lesson plan got its last form after the pilot
study. Lesson plans were piloted on third grade elementary teacher education
students of same university during Teaching Mathematics Il Course before the
implementation. The purpose of piloting lesson plans is to test their
appropriateness for the topics, applicability in classroom settings, and
attractiveness to the students. Furthermore, this pilot study also provided the
researcher experience about method.

Approval for this study was requested from management of the university
in January 2007 and obtained in March. This approval included the permission
of conducting a study in the division of elementary teacher education in the
faculty of education. Getting this approval enables the researcher to conduct and
apply the study. There were two convenient groups, therefore the researcher
randomly selected one group of elementary teacher education division and
assigned it as an experimental group. One of the groups was designated as the
experimental while the other one served as the control group.

The next step was the application of pretests. In the second week of the
spring semester of the 2007-2008 academic year, the researcher applied all
instruments as pretests to calculate the scores gained by the students for each
group. Students took the instruments in their regular classroom. First, BMAT was
administered and the time allotted for this instrument was 45 minutes. After a
break of 10 minutes, the MPST was given and administered in 60 minutes.
During the administration of the instruments, students were encouraged to ask
questions considering the fact that some students could not read the problems and

questions, but no feedback or explanations were given regarding the accuracy of
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their solution. The MSLQ was administered to students as pre-test in a short
period of time on another day of the same week, in order not to make students
bored with long administration time. During the week the researcher conducted
the first and? last follow-up interviews with 8 selected students in order to
determine the students’ problem solving performance. For this purpose, semi-
structured protocol for the interviews was used.

Before the implementation, it became necessary to make students familiar
with qustioning problem solving so that they were ready for the actual
implementation. Definition of a problem, the strategies of solutions (eg; working
backwards, making a pattern, using a table) and the phases of problem solving
were explained to the students in the first week’s lesson hours. Thus, they
received information about the definition of the problem, type of solution strategy
and problem solving before implementation.

After the administration of instruments, during the third week of the spring
semester the treatment applications were started. The experimental group
students were instructed on using QPST whereas the control group took TPSA as
a treatment. The lessons were conducted by using the lesson plans developed by
considering problem solving.

The equality of two groups defined above was controlled statistically by
comparing their, the pretest scores of the Basic Achievement Test (PreBMAT),
the Mathematical Problem Solving Performance Test (PreMPST) and pre test
scores of all sub- scales of the MSLQ such as PrelGO and PreEGO.

The course instructor was the same person for both experimental and
control group. Both groups were instructed by the researcher. To control
researcher bias and to check the flow of the lesson in terms of the objectives, two
graduate students observed both groups during the implementation period. All
first grade pre-service teachers were taught the same concepts of basic
mathematics course according to the course outline during the same amount of
time. The Basic Mathematics Il course is offered as a compulsory course to
elementary teacher education students in the first year of the curricula of the

program. In this course, students learn the basic concepts of mathematics in terms

64



of both theoretical and practical base. The course length was 2 hours theoretical,
totaling 2 hours per week throughout the semester/course.

The content was not changed for the two groups. The main difference
between the two groups was the implemantation of the treatment during the
semester. The detailed explanation of the treatment is mentioned in Section 3.8.
In the fifth week of the treatment duration the second interview task took place .
After 10 weeks of period, the instructor conducted BMAT, MPST and MSLQ as
post tests in the experimental and control groups. The method of administering all
the instruments were the same as described in the pretests.

After collecting and analyzing the pretest and post test data, the researcher
conducted the last follow-up interviews with the same selected students in an
effort to have an in-depth understanding of their utilization of problem solving
process at the end of the treatment. For this purpose the same semi structured
protocol for the interviews was used as before.

The last phase was entering the data, analyzing them and writing the overall
dissertation in the light of qualitative and quantitave outputs. The scores gained

were analyzed to measure the effectiveness of the treatment.

3.5.Lesson Plans

The key points and basic elements of preparing lesson plans were, problem
type, students’ role and instructor’s role in the problem solving process. All these
key words from the literature, the large but limited course description prepared by
the Higher Education Council, specific and general objectives were taken into
consideration in order to develop the lesson plans. Moreover, researcher’s past
studies in the field and experiences in teaching Basic Mathematics Course were
also reflected in the development of the lesson plans. All these key words from
the literature, the course description by Higher Education Council and specific
and general objectives existing in the mathematics books, were taken into
consideration in order to develop the lesson plans. The concepts of this course
are:

o Definition of an equation in algebra , equations in unknown first and
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second degree
e relation and function concepts and their samples
e Graphs of functions (line, parabola, etc.)
¢ Fundamental theorems on plane, points on space, line and plane
e Lines and angles
e Polygones
e Triangles
e Quadrilaterals ( four sided polygones)
e Circles
e Perimeter and area of planar of two dimentional objects
e Volume and surface area of three dimensional objects (cube, prism,
cylinder, pyramid, cone, sphere, etc.)
The learning objectives of the course were provided by the Higher Education
Council, as indicated below. At the end of the semester, after completing this

course, the student would be able to:

o Constitute the basic structure of first and second degree equations, solve
and comprehend these equations

o Define and comprehend the concept of relations and functions.

o Gain the knowledge and describe theoretical fundamentals of basic
geometry, carry out and apply procedures related to theorems, lemmas
and preparations.

o Conceptualize triangle, polynomias, quadrilaterals, circles and their
properties.

o Carry out the applications of theoretical properties of these geometric
figures on plane and apply them to exercise and problems.

o Describe properties of two dimensional and three dimensional objects

o Solve related problems and perform calculations

Lesson plans were designed to cover course objectives and problem solving
goals that apply to this study. In writing lesson plans, the instruction was

designed to cover the goals for problem solving in order to:

66



e Develop students problem solving skills
1. Understand and formulate the question in the problem
2. Understand the conditions and the variables in the problem
3. Select and find the data needed to solve the problem
4. Formulate the sub problems and select an appropriate solution
strategy to pursue
5. Correct and implement the solution strategy and attain the sub
goals
6. Give an answer in terms of the data in the problem
7. Evaluate the reasonableness of the answer
o Develop students abilities to select and use problem solving strategies
Make/use drawing, use estimation, and work backward, consider extreme
case, accounting all possibilities, finding a pattern
e Develop students to use related knowledge
e Develop students abilities to monitor and evaluate their thinking and
progress while solving problems
e Develop students abilities to find correct answers to a variety of problems
Finally, the researcher shaped and blended all these assets and developed the
lesson plans.
A sample problem solving process is presented below. The problem was
prepared in line with the following objectives.
“Objectives; Investigating if a given relation is a function or not and being able to
apply the definition of function”.

Problem: The decision taken by a university management about offering
new courses is as follows:

If the number of students is less than 10 the course will not be offered; if
it is between 10-20 only one section will be offered; if it is between 21-40 two
sections will be offered; if it is between 41-60 three sections will be offered”.
According to this, is the relation between the number of students and the number
of groups a function? Explain with reasons.

The topic of functions is one of the basic topics that the students have
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learned in high school. Moreover, in the previous class, the students were
reminded of the essentials of functions, and the conditions necessary for a
relation to be a function were discussed. The class starts with the distribution of
the work sheets on which this problem is written. The problem is read loudly and
the students are given seven minutes to solve the problem individually. Within
this time interval, the students deal with the problem individually. The teacher
walks around the classroom and poses questions such as “Are there any points in
the problem that are not clear?”, “Did everyone understand the problem?”.
Meanwhile, the teacher provides explanatory information about the problem.
After the 7 minutes, the students, if they still need, can benefit from their
classmates, the teacher or the clue cards that the teacher has prepared before. This
process lasts between 5-7 minutes. The students are informed that they can walk
around the classroom during this process. The conditions for a relation to be a
function are written on the clue cards as short reminders. In this process, the
teacher walks around the classroom, talks to students and determines the students
who solved the problem. If there are students who solved the problem, the teacher
asks if they are sure about their ways of solution and the result, and orients them
to find alternative ways of solution. After the end of this process, discussion
starts.

The teacher encourages the students who solved the problem in different
ways to present their solutions. The students who used different strategies present
their strategies to the class. The class discusses the different ways of solution.
The different solution strategies for this problem are drawing table, drawing
graph, constituting equation and reasoning. The important point in this problem is
to follow these strategies through using the definition of function. The definition
of function as it was taught in the class is as follows:

“Let X and Y be two sets and let f be a relation from X to Y. If each
element of f X is associated with one and only one element of Y, then the f
relation is a function”.

One of the ways of solution that the teacher has determined before is

drawing table. The data can be written in the form of table in order to see the
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problem more clearly. Through this strategy, the domain and the image set can be

seen easier and more clearly.

Table 3.5. Domain and range of function

Domain Range (The number of sections)
(the number of students)

Less than 10 The course is not offered
10-20 1
21-40 2
41-60 3
61-90 4

Another way of solution is that a discrete-continuous graph is obtained
from the given information. The interpretation of this graph shows that the
relation is a function. What is expected from the students is to transform the data
into a table or a graph, and then, to see that the relation is a function through the
definition of function. Most of the students analyzed the relation by drawing a
Venn diagram, and drawing arrows to the number of students and the number of
sections, and matching one-to-one. The number of students who departed from
the definition of function by drawing graph and reasoning was lesser. The
problem solving process finishes with the students' discussion. The problems

used in the lessons were given in Appendix G

3.6 Treatment

The Experimental Group was instructed with the problem solving
instructional method while the Control Group was instructed with the traditional

method. These treatments are explained in this section.

3.6.1 Treatment in Experimental Group

The study was conducted in Basic Mathematics Il course throughout the
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semester. The Basic Mathematics Il courses take place in the curriculum of the
primary education division.

The rationale of the study was basically Polya’s problem solving
approach. First, the student must read and think about the problem. He or she
must carefully identify what information is given and what is to be found. Excess
information is eliminated. In this phase the teacher should ask questions such as:
“What is the unknown? What are the data? What is the condition?”. Next, the
student decides upon a plan. A strategy is suggested to be used to solve the
problem. Teacher should ask questions such as, “Do you know a related
problem?”” and should give advice as: “If you cannot solve the proposed problem
try to restart to solve the problem”. In the third stage, the student applies the
strategy that was selected and tries to solve the problem, so as to arrive at the
correct answer. In the fourth and final step, the student looks back at his or her
solution and answer to make certain that his or her work is correct. In the last step
the teacher should ask certain questions such as: “Can you check the result? Can
you check the argument?”

The social constructivist model was taken as the basis when determining
the classroom discussions. More over, the relevant problems, or the use of a
problem solving strategy in a subject, were covered in the classes following the
experimental study. Since, the effect of teaching problem solving appears more
clearly in due course (Cai, 2003).

The implementation of treatment was started by distributing a worksheet
to the students. All the problems were designed on this worksheet where the
students were expected to solve problems.

The students were given some time to read and to understand the problem.
They were usually given about ten to fifteen minutes to solve the problem on
their own. The duration of this time period may be set by the teacher according to
the type of the problem. Every lesson instructor gave a time duration to solve the
problem. Every student was responsible in dealing with the problem individually.
While the students worked on the problem, the teacher controlled the whole class,

moved around the classroom to observe their work, gave some clues, asked some
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questions, explained the problem and guided the students if the problem was not
understood by the students, made suggestions or gave individual help to students
who had difficulty approaching the problem during this time duration.

On the basis of the observations of the student’s work on the problem, the
teacher carefully called on students, asking them to present their solution method
on the board. The order of selecting students was important for both encouraging
those students who used naive methods and highlighting the student’s ideas in
relation to the mathematical connection among the methods that would be
discussed. The teacher noted the students who had good ideas, with the intention
of calling them in certain order during the subsequent whole class discussion.
This time period was 5-7 minutes according to the students’ behavior in class.
The teachers asked their students to find an alternative or second solution strategy
if they found one and to check their solution. Subsequently, the teachers
encouraged their students to work with classmates in pairs or in small groups or
by themselves. They could use hint cards if they preferred. They were free to ask
questions, use hint cards and take some clues. They could talk, walk in the
classroom and discuss with other students if they wanted to during this time.

The idea here is to help students make their thoughts visible by encouraging
them to talk and write about the processes they use to solve problems (Buschman,
2003).

After working with problems during this duration, the teacher encouraged
the students who had arrived at a solution to find an alternative method for
solving the problem. Students who solved the problem by using different
strategies and different computation method were asked to come to the board and
encouraged to show and explain their work. All different solution strategies were
recorded on the board to make a comparison. Every different solution could be
discussed and students could easily see the other student’s different strategies.
Presenting an idea, even a wrong one, was strongly encouraged and praised by
the instructor. As individual students presented their methods, the class as a
whole compared several solution methods with the same correct answer.

The idea here is for the class to solve problems together with the teacher
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serving as moderator, one that raises important questions and keeps things on
track. The teacher is not to generate solutions but rather to help the students make
te best of the resources they have.

The teacher asked the classroom questions like: “Does anyone have any
suggestions? Any others? What made you think of that? What makes you think
it’s a better alternative?

In this aspect, the teacher orchestrated the discourse so that students were
functioned in an intellectual community. Finally, after discussion if no student
used a specific anticipated method, the teacher may proceed with only those that
were not brought up. The errors, questions or unclear parts were taken into
account by the teacher to make it easy for students’ inference. Finally, the teacher
reviewed and summed up the lesson and if necessary, and if time allowed, pose
an exercise or an extension task that applies to what the students had just learned
from the lesson. Multiple solutions to a single problem in a whole class
instructional mode were used in the discussions. The lessons were continued by
giving all extra theoretical information related to the content that has to be covered
throughout the course.

In this present study, questioning problem-solving is applied to give
students the opportunities to consistently engage in problem solving, discuss their
solution strategies and build on their own informal strategies for solving
problems. The teacher’s role was to create and maintain classroom environment,
encourage to explore, take risks and share failure. The teacher can ensure that
they help all children with problem solving, including the children’s special
needs, by managing their time appropriately, managing the class routines and
managing student needs by using compensatory strategies to adjust instructions to
the needs of individual students (Rey et al, 2007).

In supportive learning environments students develop confidence in their
abilities and explore problems (NCTM, 2000).

The lesson periods were 45 minutes for both groups. During this period two
graduate students participated in the study. They observed classrooms, and
students to fill the treatment verification observation check lists. The results of
these observation checklists are given in Section 4.3
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3.6.2. Treatment in Control Group

The control group students were instructed Basic Mathematics 11 course
with the traditional problem solving approach. The majority of the classroom
environment developed around the teacher is teacher-centered or teacher
supplying information approach. Instructions covered all the same content in the
control group. Moreover, same problems were solved without discussion, making
comparisons. It is teacher-centered problem solving. Teaching problem solving
relies on teacher’s solution and explanation.

The teacher provided an explanation to the solutions. The teacher’s
responsibility was to offer students clear explanations and instructional objectives
within a classroom.

The students in this group were passive receivers and listeners. They were
listening to the teacher, taking notes on what the teacher wrote and explained on
the blackboard and solving the problems and exercise on what the teacher asked.
They worked individually in their own places. Rarely, did the volunteer students
solved the problems on the blackboard, asked questions and participated in
lessons. Teaching problem solving strategies relied on teacher explanation and
textbooks.

Sometimes students tried to solve the problems but mostly the teacher
solved it by her solution strategy. Thus, students neither discussed different
solutions nor live the process of problem solving. The teacher allowed students to
write solutions on their notebooks. The students’ roles in this group are mostly
passive. They were listening to the teacher, recording what the teacher wrote on
the blackboard and solving the questions the teacher asked

A general comparison of the Experimental Group and Control Group in terms
of physical environments, teacher’s and student’s role, student interaction is

given in Table 3.5
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Table 3.6 Comparison of the experimental and control groups

Experimental Group Control Group
Lesson took place in a regular Lessons took place in a regular classroom
classroom environment environment
Researcher is the instructor Researcher is the instructor
Teacher was the guide and Teacher was the leader and the role is an

facilitator to encourage students to information giver
solve the problem, make a
comparison and discuss

Students are active learners in the Students are passive learners and listeners
problem solving process. Their roles in problem solving

are: solving the problems by using Their roles are; listing to the teacher, note
their resources, discussing, arguing, taking the solution or rarely solving the

and expressing their solutions problem by themselves
Students could work with their peers Students work alone
if they want

3.7 Treatment Verification

Throughout the study, both the experimental and control groups were
observed as to whether the instructor followed the experimental and control
protocols. Two observers participated in this process of study. An observation
checklist was used during observations in the classroom. They were given the
checklists to determine the degree to which the instructor implemented the
treatment in experimental group and the absence of the problem solving approach
in the control group. This checklist included 32 items about classroom,
environment, student reactions and teacher behavior during instructions for
comparing classroom conditions for each group. The observation checklist can be
found in Appendix G.

The researcher calculated the correlations between ratings of each
observer for these 40 items for experimental group as 0.884. This rating
coefficients between two observers are high and significant. The correlation
coefficients were calculated by Pearson correlation. By same way, correlation

coefficient between two observers for the CG was found 0.927.
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In observation checklist first 21 items are related specifically with the
problem solving . Other items are not mainly related with the method. All items
were scored from “bad ” as 1, to “good ” as 7 and “0” means not applied in the
lesson.

In Table 3.7. The means and the standard deviations of each item of the

observation checklist for both the EG and CG are presented.

Table 3.7 Results of classroom observation checklist

Item number EG CG
Mean SD Mean SD

1 70 00 00 00
2 70 00 10 10
3 70 00 00 00
4 70 00 00 00
5 67 07 00 00
6 66 08 6.0 05
7 70 00 00 00
8 58 13 00 00
9 24 07 57 21
10 70 00 00 00
11 70 00 00 00
12 60 13 00 00
13 68 04 00 00
14 68 04 09 03
15 62 09 00 00
16 54 10 00 00
17 66 08 04 05
18 70 00 40 25
19 70 00 7.0 00
20 6.1 12 30 10
21 52 04 10 10
22 70 00 65 05
23 70 00 7.0 00
24 6.1 09 43 05
25 66 07 55 10
26 52 12 56 12
27 56 05 6.0 11
28 66 05 69 03
29 67 05 7.0 00
30 70 00 7.0 00
31 70 00 7.0 00
32 70 00 57 10

As seen in Table 3.7, it can infered with the observed means of some
items that lessons in the EG were implemented according to the questioning

problem solving. In order to determine whether the observed mean differences
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between groups are statistically significant or not a non-parametric test, Mann
Whitney U was used. Results of this test indicated that the items between 1 to 18
except item 6; 20 and 21 specific to the experimental method were statistically
significant. The other items were related with instructors’ behaviour, students’
behaviour, and the physical properties of the classes were also found as the same
(not significant differences). Thus, treatment verification was supported.

3.8 Variables

Eighteen dependent variables and one independent variable were

considered in this study.

3.8.1 Independent Variables

Different problem solving approach, or namely group factor, is the

independent variable of the study.

3.8.2 Dependent Variables

The dependent variables in this study are pre-service teachers’ basic
mathematics achievement, their mathematical problem-solving performance, their
percieved motivation; intrinsic and extrinsic goal orientation, task value, control
of learning beliefs, self-efficacy for learning and performance, test anxiety and
their perceived use of learning strategies, which were: rehearsal, elaboration,
organization, critical thinking, metacognitive self regulation, time and study
environment, effort regulation, peer learning, and help seeking. The raw scores to
measure these variables are obtained from the Basic Mathematical Achievement
Test, the Mathematical Problem-Solving Performence Test and the Motivational
Strategies for Learning Questionnaire. Thus, there were 17 dependent variables
in the present study. Table 3.8 shows a brief summary of all the variables of this

study.
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Table 3.8 Variables of the study

Variables

Type

Nature

Measured By

Methods of teaching

Achievement

Problem Solving

Performance

Intrinsic goal orientation

Extrinsic goal orientation
Task value

Control of learning
beliefs

Self-efficacy for learning
and performance

Test anxiety

Rehearsal

Elaboration

Organization

Critical Thinking

Metacognition self

regulation

Independent Categorical

Dependent

Dependent

Dependent

Dependent
Dependent

Dependent

Dependent

Dependent

Dependent
Dependent
Dependent
Dependent

Dependent

Continuous

Continuous

Continuous

Continuous

Continuous

Continuous

Continuous

Continuous

Continuous

Continuous

Continuous

Continuous

Continuous

Questioning problem
solving approach (1)
Traditional problem
solving approach (0)
Basic Mathematics

Achievement Test

Mathematical Problem
Solving

Motivation scale in
MSLQ

Motivation scale in
MSLQ

Motivation scale in
MSLQ

Motivation scale in
MSLQ

Motivation scale in
MSLQ

Motivation scale in
MSLQ

Learning strategies Scale
in MSLQ
Learning strategies Scale
in MSLQ
Learning strategies Scale
in MSLQ
Learning strategies Scale
in MSLQ
Learning strategies Scale
in MSLQ
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Table 3.8 (continued)

Time and study Dependent  Continuous Learning strategies Scale
. in MSLQ
environment
management
Effort regulation Dependent  Continuous Learning strategies Scale
in MSLQ
Peer learning Dependent  Continuous Learning strategies Scale
in MSLQ
Help- seeking Dependent  Continuous Learning strategies Scale
in MSLQ

3.8.3 Covariates

For the first research question, pre-service teachers’ pretest scores on the
Basic Mathematics Achievement Test (PreBMAT), Mathematical Problem-
Solving Performance Test (PreMPST) were considered as covariates. Pre-service
teachers’ pretest scores on the sub-scales of Motivation scales as: intrinsic goal
orientation (PrelGO), extrinsic goal orientation (PreEGO), task value (PreTV),
control of learning beliefs (PreCOLB), self-efficacy for learning and performance
(PreSELP), test anxiety (PreTA) were also considered as covariates for second
research question. Lastly for the third research question; pre-service teachers’
pretest scores on the sub-scales of learning strategies scales as; rehearsal
(PreREH), elaboration, (PreELA), organization (PreORG), critical thinking
(PreCT), metacognitive self regulation (PreMETA), time and study environment
(PreTSEM), effort regulation (PREER), peer learning (PrePL), help seeking
(PreHS) were considered as covariates of this study. Therefore, totally there were
17 covariates variables used in the present study

Since the number of variables is high for the purpose of simplicity in the
current study, names of the variables were frequently mentioned as the dependent

variables and covariates by using symbols.

3.9 Analysis of Data

In order to find the answers to research questions both quantitative and
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qualitative analyses of data were used in this study.

3.9.1 Quantitative Data Analysis

The Quantitative data gathered through BMAT, MPST and MSLQ were
analyzed by using Statistical Package for Social Sciences 11.0.
The researcher made missing data analysis and data cleaning process were

done before starting descriptive and inferential statistics

3.9.1.1 Descriptive Statistics

The mean, median, mode, standard deviation, kurtosis and skewness of the
variables, various histograms and graphs were used for both control and the
experimental groups. The explanations of descriptive statistics for both groups

relating to measuring tools and treatment were presented in section 4.1

3.9.1.2 Inferential Statistics

Multivariate analysis of covariance (MANCOVA) was used to test the null
hypothesis of this research. The MANCOVA is a powerful statistical technique
that measures the effect of independent variable(s) on more than one dependent
variable. This statistical analysis was based on the multivariate general linear
model, which is a generalization of the univariate general linear model, but
includes more than one dependent variable and covariate(s).

Since this research comprised of multiple independent, dependent variables
and covariates this inferential statistical analysis was used.

With the aim of answering the first three research questions, three seperate
MANCOVA model were employed. The first MANCOVA model, was used to
compare the mean scores of the control and the experimental group’s pre-service
teachers on basic mathematics achivement and problem solving performance
while controlling the differences between groups for gender, previous year
mathematics grade, the PREBMAT and the PREPSPT. The statistical model
variable entry order used for this MANCOVA model is summarized in Table
3.9.
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Table 3.9 The variable-set composition and statistical model entry order for
the MANCOVA used for the comparing PostBMAT and PostMPST

Variable set Entry order Variable name

A 1st X1=PreBMAT

(covariates) X2=PreMPST

B (group membership) 2nd X3=Groups

C 3rd X4=X1*X3

(covariates*group X5=X2*X3

interaction) X6=X3*X3
X7=X4*X3

D Y1=PostBMAT

(dependent variables) Y2=PostMPST

Covariates were entered first, group membership the second and
covariate*group interactions were entered as at third in the MANCOVA model.
As the MANCOVA results only show significant differences between groups on
the collective dependent variables, follow-up analyses of variance (ANCOVA)
were used to understand the main effect of questioning problem solving approach
on each dependent variable. All the analysis is given and explained in Section
4.2.

The second MANCOVA Model was employed to compare the mean
scores of the control and the experimental group’s pre-service teachers on 1GO,
EGO, TV, COLP, SELP and TA while controlling the differences between
groups for gender, the PrelGO, the PreEGO, the PreTV, the PreCOLB, the
PreSELP and the PreTA. The variables and variable entry order used for this
MANCOVA model is presented in Table 3.10.
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Table 3.10 The variable-set composition and statistical model entry order
for the MANCOVA used for the comparing posttest scores of
IGO,EGO,TV,COLB,SELP and TA

Variable set Entry order ~ Variable name

A 1st X1=PrelGO

(covariates) X2=PreEGO
X3=PreTV
X4=PreCOLB
X5=PreSELP
X6=PreTA

B (group membership) 2nd X7=Groups

C 3rd X8=X1*X7

(covariates*group X9=X2*X7

interaction) X10=X3*X7
X11=X4*X7
X12=X5*X7
X13=X6*X7
X14=XT7*X7

D Y 1=PostIGO

(dependent variables) Y2=PostEGO
Y3=PostTV

Y4=PostCOLB
Y5=PostSELP
Y6=PostTA

In order to compare the mean scores of the control and the experimental
group’s students on REH, ELA, ORG, CT, META, TSEM, EF, PL and HS while
at the same time controlling the differences between groups for gender, the
PreREH, the PreELA, the PreORG, the PreCT, the PreMESR, the PreTSEM, the
PreER, the PrePL and the PreHS the last MANCOVA model was employed. The
variables and variable entry order for this MANCOVA model is given in Table
3.11.
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Table 3.11 The variable-set composition and statistical model entry order
for the MANCOVA used for the comparing posttest scores of REH, ELA, ORG,
CT, META, TSEM, ER, PL and HS

Variable set Entry order ~ Variable name

A 1st X1=PreREH

(covariates) X2=PreELA
X3=PreORG
X4=PreCT
X5=PreMETA
X6=PreTSEM
X7=PreER
X8=PrePL
X9=PreHS

B (group membership) 2nd X10=Group

C 3rd X11=X1*X10

(covariates*group X12=X2*X10

interaction) X13=X3* X10
X14=X4*X10
X15=X5*X10
X16=X6*X10
X17=X7*X10
X18=X8*10
X19=X9*X10
X20=X10*X10

D Y 1=PostREH

(dependent variables) Y2=PostELA
Y 3=PostORG
Y4=PostCT
Y5=PostMETA
Y6=PostTSEM
Y 7=PostER
Y8=PostPL
Y9=PostHS

3.9.2 Qualitative Data Analysis

Qualitative data obtained from interviews and the Treatment Evaluation

Form. Firstly, the responses from participants in interviews were transcribed, then
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demanding Polya’s problem solving phases, data were coded as existance or non
existance skills of understanding, making a plan, applying a plan and checking
the solution. For other qualitative data obtained from Treatment Evaluation Form
were read carefully to identify the common responses of the students to find the
answer of the last research question. The results of the Qualitative Data is given
and explained in Section 4.

3.10 Power Analysis

Before the study, determination of the population effect size (ES) process
was conducted in the power analysis. Considering the results obtained from the
previous related studies, a medium effect size in the study will have had a
practical significance. Hence before the study, effect size was set to medium
effect size of 0.15 (Cohen & Cohen, 1983, p.161). The significance level and the
power of the study was set to .05 and .80 respectively because they were the most
accepted values in educational studies. In other words, a Type | hypothesis-wise
error rate (the probability of rejecting a true null hypothesis) of .05 and a Type Il
hypothesis-wise error rate (the probability of failing to reject a false null
hypothesis) of .20 was set a priori to hypothesis testing. Sample size was
calculated for first second and third analysis by using number of covariates in the
model respectively; 56, 60 and 63. Since the sample size of the study was 110
and it was more than the calculated sample size, therefore the statistical power of

the study was naturally greater than .80.
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CHAPTER 4

RESULTS

In this chapter, the results of this study are divided into four sections.
Firstly the descriptive statistics related to the comparison of groups with respect
to pre-tests and post-tests scores. The second section deals with the inferential
statistical data produced and the fifth section presents findings of the research

questions. Finally, the last section summarizes the findings of the study.

4.1 Descriptive Statistics

Descriptive statistics collected on the data to identify means, standard
deviations, kurtosis, skewness, minimum and maximum scores for the groups

were summarized for pre and post test scores.

4.1.1 Descriptive Statistics of the BMAT and MPST

Descriptive statistics related with the pre and post test scores of BMAT
and MPST for the EG and the CG were given in Table 4.1.

Table 4.1 Descriptive statistics related with the pre and post test scores of BMAT
and MPST for the EG and the CG

Variables Mean SD Skew. Kurt. Min. Max.
PreBMAT 21.24 6.93 -0.67 1.67 0 37
PostBMAT 37.37 8.84 -0.66 1.6 8 57
PreMPST 31.49 11.61 -0.70 0.23 5 52
PostMPST 51.71 11.73 -0.65 2.15 10 73
PreBMAT 24.77 7.24 -0.66 0.61 6 40
PostBMAT 34.16 9.11 -1.16 1.29 8 45
PreMPST 22.82 9.58 0.16 0.64 0 51
PostMPST 36.82 11.10 -0.01 0.12 10 61
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As it is seen in this table, before the treatment the experiment group mean
scores on PREBMAT was lower than the control group mean score. An increase
in mean scores was observed for both groups. BMAT scores for EG, increased
from 21.24 to 37.37 and MPST increased from 31.49 to 51.71. Before treatment
EG students” BMAT score were lower than CG students’, but EG students’
MPST scores were higher than CG students’ scores. Both groups BMAT and
MPST scores increased after treatment. Skewness and kurtosis values are in
range between -2 and +2, except kurtosis values of the PostMPST, but it is very
small violation. The gain scores with respect to group membership are given in
Table 4.2.

Table 4.2 Gain scores in the BMAT and MPST with respect to group
membership

Test Group Gain Score Skewness Kurtosis

BMAT EC 15.86 0.552 0.362
CcC 9.38 -0.839 1.65

MPST EC 20.22 0.141 -0.493
CcC 14.00 0.147 0.169

From Table 4.2, it can be said, the most increase in mean scores with
respect to the both BMAT and MPST is observed in the experimental group.
Preservice teachers in the experimental groups have higher gain scores than the
control group’s participants with regard to the BMAT and MPST.

Table 4.1 and Table 4.2 shows the skewness and kurtosis values for
pretest, posttest, and gain scores for the BMAT and MPST scores. These values
changes between -2 and +2, indicating that the distribution of pretest, posttest,
and gain scores of both tests were normally distributed (George & Mallery,
2003).

4.1.2 Descriptive Statistics of the Motivation Scale

Descriptive statistics related with the pre and post test scores of 1GO,
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EGO, TV, COLB, SELB and TA for the EG and the CG were given in Table 4.3.

Table 4.3 Descriptive statistics related with the pre and post test scores of 1GO,
EGO,TV, COLB, SELB, TA for the EG

Variables Mean SD Skewness Kurtosis Min.  Max.
PrelGO 19.20 4.30 -0.193 -0.765 11 27
PostIGO 19.16 5.04 0.183 -0.919 10 28
PreEGO 20.15 5.00 -0.381 -0.288 8 28
PostEGO 19.92 4.32 -0.142 -0.148 10 28
PreTV 33.88 6.06 -0.566 -0.443 21 42
PostTV 3439 5.70 -0.510 -0.445 19 42
PreCOLB 21.75 3.96 -1.05 1.80 8 28
PostCOLB 22.28 3.40 0.014 -0.880 16 28
PreSELB 4190 9.12 -0.545 -0.203 20 56
PostSELB 42.25 8.96 -0.907 0.938 16 56
PreTA 18.11 6.00 -0.231 -0.556 5 32
PostTA 18.60 5.06 -0.505 -0.322 7 28

As it is seen in this table, an increase in mean scores was observed for
TV, COLB and SELB and TA. Skewness and kurtosis values are in range
between -2 and +2.

Descriptive statistics related with the pre and post test scores of 1GO,
EGO, TV, COLB, SELB and TA for the CG were giben in Table 4.3.

Table 4.4 Descriptive statistics related with the pre and post test scores of 1GO,
EGO,TV, COLB, SELB, TA for the CG

Variables Mean SD  Skewness Kurtosis Min. Max.

PrelGO 19.74 3,52 0.201 -0.495 12 28
PostIGO 17.73 4.74 -0.112 0.450 4 28
PreEGO 19.68 5.03 -0.994 1.332 4 27
PostEGO 18.25 4.35 -0.440 0.713 6 28
PreTV 33.07 5.45 -0.707 0.390 17 42
PostTV 30.36 6.06 -0.178 -0.730 18 42
PreCOLB 2195 3.47 -0.252 0.071 12 28
PostCOLB 20.35 3.96 -0.005 -0.538 13 28
PreSELB 4152 6.94 -0.343 0.479 22 55
PostSELB 3796 8.34 -0.486 0.818 12 55
PreTA 20.65 6.48 -0.300 -0.384 5 32

PostTA 2041 5.85 0.185 -0.372 8 33
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In table 4.4 for all variables 1GO, EGO, TV, COLB, SELB and TA an
decrease in mean scores was observed. Skewness and kurtosis values are also in
range between -2 and +2.

When the mean scores from the pre administration of the instruments and
post administrations of all variables were compared, EG students’ TV, COLB,
SELB and TA scores while an decrease from other variables in both groups was
observed. The gain scores with respect to group membership are given in Table
4.5.

Table 4.5 Gain scores in the IGO, EGO, TV, COLB, SELB and TA with respect
to group membership

Test Group Gain Score Mean  Skewness  Kurtosis
IGO EG -0.98 -0.185 0.264
CG -1.9 0.476 1.405
EGO EG -0.22 0.593 0.665
CG -14 0.255 1.885
TV EG 0.49 -0.037 0.164
CG -0.23 0.108 1.910
COLB EG 0.49 -0.037 0.164
CG -0.23 0.108 1.910
SELB EG 0.34 0.165 0.385
CG -3.5 -0.512 0.191
TA EG 0.49 -0.037 0.164
CG -0.23 0.108 1.910

Table 4.3, Table 4.4 and Table 4.5 shows the skewness and kurtosis
values for pretest, posttest, and gain scores for the IGO, EGO, TV, COLB, SELB
and TA. All of these values changes between -2 and +2 so the distribution of

pretest, posttest, and gain scores of tests were normally distributed.

4.1.3 Descriptive Statistics of the Learning Strategies Scale

Descriptive statistics related with the pre and post test scores of REH,
ELA, ORG, CT, MESR, TMES, ER, PL and HS for the EG were presented in
Table 4.6.
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Table 4.6 Descriptive statistics related with the pre and post test scores of REH,
ELA,ORG, CT, MESR, TMES, ER, PL,HS for the EG

Variables Mean SD Skewness  Kurtosis Min. Max.

PreREH 18.48 5.42 -0.082 -0.796 9.00 28.00
PostREH 18.01 4.99 -0.229 -0.071 6.00 28.00
PreELA 28.71 6.65 -0.150 -0.347 14.00 42.00
PostELA 30.15 6.79 -0.234 -0.349 13.00 42.00
PreORG 19.38 3.85 -0.155 -0.264 10.00 28.00
PostORG 19.46 4.97 -0.120 -0.576 8.00 28.00
PreCT 20.34 5.93 -0.358 -0.174 5.00 32.00
PostCT 20.88 5.83 0.212 -0.426 11.00 35.00
PreMETA 60.02 9.61 -0.313 1.136 31.00 84.00
PostMETA 62.09 9.41 0.288 -0.139 45.00 84.00
PreTMES 42.32 7.37 -0.484 -0.554 24.00 55.00
PostTMES 41.01 7.43 -0.216 -0.254 23.00 56.00
PreER 21.24 4,16 -0.672 -0.115 11.00 28.00
PostER 21.03 3.72 -0.606 1.019 9.00 28.00
PrePL 11.34 3.55 0.221 0.371 3.00 21.00
PostPL 12.80 3.78 0.249 -0.399 6.00 21.00
PreHS 19.04 5.37 -0.747 0.083 4.00 28.00
PostHS 20.22 4.99 -0.930 1.518 4.00 28.00

From Table 4.6 it can be seen that the skewness and kurtosis values were

ranged between -2 and +2. Moreover, when the mean scores from the pre

administration of the instruments and post administrations of them were
compared, EG students” ELA, META, PL and HS scores increased from 28.71 to

30.15; 60.02 to 62.09; 11.34 to 12.8 and from 19.04 to 20.22.

Descriptive statistics related with the pre and post test scores of REH,
ELA, ORG, CT, META, TSEM, ER, PL and HS for the CG were given in Table

4.7.

Table 4.7 Descriptive statistics related with the pre and post test scores of REH,
ELA, ORG, CT, MESR, TSEM, ER, PL, HS for the CG

Variables Mean SD Skewness  Kurtosis Min. Max.

PreREH 18.89 4.63 -0.512 -0.384 7.00 26.00
PostREH 18.92 4.06 -0.013 0.623 8.00 28.00
PreELA 28.12 6.54 0.038 -0.855 14.00 39.00
PostELA 27.56 6.63 -0.474 -0.318 11.00 39.00
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Table 4.7(continued)

PreORG 19.34
PostORG 18.50
PreCT 21.28
PostCT 20.85

PreMETA 60.37
PostMETA 56.03

PreTSEM 42.38
PostTSEM 38.38
PreER 20.66
PostER 18.21
PrePL 12.59
PostPL 13.91
PreHS 20.08
PostHS 19.37

4.45
4.45
5.67
5.48
9.04
10.7
5.89
6.65
4.30
3.80
3.71
3.11
4.06
3.29

-0.271
-0.062

0.080
-0.444
-0.191
-0.140
-0.167
-0.163
-0.743

0.231

0.103
-0.309
-0.556
-0.106

0.150
-0.256
-0.470

0.551

0.058
-0.489

0.137
-0.821

0.385

0.455
-0.988

0.016

0.778
-0.464

8.00
10.00
9.00
5.00
41.00
30.00
26.00
26.00
9.00
8.00
5.00
5.00
7.00
12.00

28.00
28.00
34.00
32.00
81.00
77.00
54.00
51.00
27.00
28.00
19.00
20.00
28.00
26.00

As seen in Table 4.7, the mean scores from the pre administration of the

instruments and post administrations of CG students’ REH and PL scores
increased from 18.89 to 18.92; 12.59 to 13.91. An decrease was observed other

all variables in CG. The skewness and kurtosis values were also ranged between -

2 and +2.

The gain scores with respect to group membership for REH, ELA, ORG,

CT, META, TSEM, ER, PL and HS are given in Table 4.8.

Table 4.8 Gain scores in the REH, ELA, ORG, CT, META, TSEM, ER, PL and
HS with respect to group membership

Test Group  Gain Score Mean  Skewness Kurtosis
REH EG -0.46 .059 -0.115
CG 0.03 -.191 1.420
ELA EG 1.43 253 0.458
CG -0.56 0.405 0.189
ORG EG 0.08 0.378 1.080
CG -0.83 -0.247 0.122
CT EG 0.52 0.621 1.370
CG -0.42 -0.118 0.831
META EG 2.06 0.799 0.817
CG -4.33 -0.385 0.347
TSEM EG -1.30 -0.117 0.148
CG -4.00 0.082 1.000
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Table 4.8 (continued)

ER EG -0.20 0.322 0.323
CG -2.45 -0.107 -0.147
PL EG 1.45 -0.029 0.203
CG 131 -0.074 0.512
HS EG 1.18 0.717 2.154
CG -0.71 0.093 -0.003

According to the Tablo 4.8, it is seen that when the mean scores from the
pre and post administrations of all variables were compared, EG students’ test
scores increased except REH and TSEM. While CG students’ test scores
decreased except REH and PL. All of gain score’ skewness and kurtosis values

except HS kurtosis value of EG, changes between -2 and +2.

4.2 Inferential Statistics

In this section missing data analysis, determination of the covariates,
verification of the assumptions of MANCOVAs, statistical model of
MANCOVAs, and the analysis of the hypothesis were all presented.

4.2.1 Determination of the Covariates

In present study, three MANCOVAs were conducted to test the null
hypothesis. Before conducting the first MANCOVAs for comparing PostBMAT
and PostMPST for the first null hypothesis, two independent variables namely the
PreBMAT and the PreMPST were pre-determined as potential confounding
variables of this study. Thus, these independent variables were taken as
covariates in order to statistically equalize the differences between the EG and
CG. In order to determine which of these should be considered as covariates,
these potential covariates were correlated with the dependent variables. The
correlations between the pre-determined covariates and dependent variables were
calculated and tested for their statistical significance to decide which variables
should be selected as covariates in MANCOVA. The results of the correlations
and their significance appear in Table 4.9.
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Table 4.9 Pearson correlation coefficients between pre and post intervention
BMAT and MPST

PostBMAT PostMPST

PreBMAT 0292  0.220*
PreMPST 0.205%  0.575*
* < 0.05

As seen in Table 4.9, both the PreBMAT and the PreMPST have
significant correlations with at least one of the dependent variables.

For the second MANCOVA used for comparing the PostlGO, the
PostEGO, the PostTV, the PostCOLB, the PostSELP and the PostTA; the
PrelGO, the PreEGO, the PreTV, the PreCOLB, the PreSELP, and the PreTA for
the second null hypothesis were determined as potential confounding variables.
To determine whether these pre-determined covariates, have significant
correlation, Pearson correlation coefficient is used. The results and their

significances is given in Table 4.10.

Table 4.10 Pearson correlation coefficients between pre and post intervention
IGO, EGO, TV, COLB, SELB and TA

PostlIGO PostEGO PostTV PostCOLB PostSELP PostTA

PrelGO 0.527* 0.094 0370  0.337* 0.347*  0.190*
PreEGO 0.075 0.632*  0.197* 0.123 0.119 0.318*
PreTV 0.454* 0.223*  0.677* 0.477* 0.536* 0.018
PreCOLB  0.100 0.051  0.230*  0.368* 0.146 -0.002
PreSELP  0.283*  0.268*  0.403*  0.242* 0.557* 0.073
PreTA -0.139 0.169 -0.171 -0.161 -0.212*  0.408*
*p<0.05

As seen in Table 4.10, every pre- determined covariates has significant

corrrelation with at least one of the six dependent variables, so all of them are
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included as covariates set for this MANCOVA comparing posttests scores.

For the last MANCOVA used for comparing the PostREH, the PostELA,
the PostORG, the PostCT, the PoStMETA, the PostTSEM, the PostER, the
PostPL and the PostHS; the PreREH, the PreELA, the PreORG, the PreCT, the
PreMETA, the PreTSEM, the PreER, the PrePL and the PreHS were determined

as potential confounding variables for the third null hypothesis. To determine

whether these pre-determined covariates, have significant correlation, Pearson

correlation coefficient is used. The results and their significances is given in

Table 4.11.

Table 4.11 Pearson correlation coefficients between pre and post interventions

scores of categories of learning strategies

Dependent Variables

<

I 3 & 5 & 0§ o8 2 ¢

= = =2 @ = = D @ D

g2 & &g & 3 37 & & &

a a o S g
PreREH 0.716* 0.418* 0.427* 0.364* 0.495* 0.268 0.016 0.325* 0.266
PreELA 0.405* 0.601* 0.396* 0.450* 0.586* 0.288* 0.317* 0.325* 0.319*
PreORG  0.449* 0.430* 0.470* 0.374* 0.492* 0.295* 0.167 0.330* 0.333*
PreCT 0.362* 0.489* 0.397* 0.586* 0.450* 0.189* 0.144 0.306* 0.301*
PreMETA 0.512* 0.493* 0.460* 0.298* 0.643* 0.414* 0.333* 0.258* 0.265*
PreTSEM 0.356* 0.353* 0.326* 0.272* 0.451* 0.612* 0.434* 0.184 0.215*
PreER 0.304* 0.378* 0.446* 0.161 0.554* 0.447* 0.,517* 0.181 0.299*
PrePL 0.429* 0.371* 0.362* 0.384* 0.362* 0.157 0.000 0.354* 0.300*
PreHS 0.156 0.098 -0.009 0.123 0.160 0.138 -0.020 0.120 0.426*
*p<0.05

As seen in Table 4.11, all potential covariates has significant correlations with

at least one of dependent variables. Thus, all of potential covariates were

considered as covariates.
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4.2.2.Assumptions of MANCOVA

For analysis of MANCOVA there were five underlying assumptions that
need to be verified. These assumptions were; normality, homogeneity of
regression, equality of variances, multicollinearity and independency of
observations.

The first one of these assumptions was normality. For this assumption,
skewness and kurtosis values were examined for all of the three MANCOVA
Model. The skewness and kurtosis values of pre-test, post-tests and gain scoes
for BMAT, MPST, IGO, EGO, TV, COLB, SELB, TA, REH, ELA, ORG, CT,
META, TSEM, ER, PL and HS were acceptable range for a normal distribution,
as seen in table 4.3, 4.4, 4.5 and 4.6.

A distribution having skewnessand kurtosis values between -2 and +2 can
be accepted as normal distribution (George & Mallery, 2003, pp.98-99). Only the
kurtosis values of the PostMPST and gain score of HS exceed 42 a little bit. The
Central Limit Theorem stated that regardless of the distribution of variables,
sampling distributions of means will be normally distributed if sample size is
large larger or equal to 30 (Gravetter & Wallnau, 2004). Therefore, in the present
study, large kurtosis values were not expected to threaten the validity of the
MANOVA results. This was not a serious violation.

Multivariate normality assumption was tested with Box’s test of equality
of covariance matrices. According to the results of analysis, nonsignificant Box’s
Test result was found for MANCOVA used for comparing posttests scores of
BMAT, MPST, and comparing posttests scores of IGO, EGO, TV, COLB, SELP
and TA [F (3, 2536628) = 0.089, p =0.966 and F (21, 42413) = 0.718, p = 0.81]
respectively. Thus multivariate normality assumptions were satisfied for these
MANCOVA:s.

Additionally, a significant Box’s Test result was found matrices for the
MANCOVA comparing posttests scores of REH, ELA, ORG, CT, META,
TSEM, ER, PL and HS [F (45, 37894) = 1.473, p =0.021]. Therefore,
homogeneity of variance and covariance matrices for this MANCOVA was not

met. But a violation of this assumption has minimal impact. If sample size of
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the largest group divided by the sample size of the smallest group is smaller than
1.5, the violation of this assumption has minimal effects (Hair, Anderson, Black
& Tatham, 1998, p.348).

The next assumption is the equality of variance which was determined by
Levene’s Test of Equality. The Levene’s Test of equality of error variances for
the first MANCOVA used for comparing posttest scores of BMAT and MPST is
given in Table 4.12.

Table 4.12 Levene's test of equality of error variances for the MANCOVA used
for comparing posttest scores of BMAT, MPST

F  dil  diz __ Sig.
POSTBMAT 0034 1 108  0.854
POSTMPST 0038 1 108  0.845

As seen in Table 4.12, the p values for both of the dependent variables
were higher than 0.05. So, it was concluded that the error variances of the two
dependent variables across groups were equal. In Table 4.13 it was presented the
Levene’s Test of equality of error variances for the second MANCOVA used for
comparing posttest scores of IGO, EGO, TV, COLB, SELP and TA.

Table 4.13Levene's test of equality of error variances for the MANCOVA used
for comparing posttest scores of IGO, EGO, TV, COLB, SELP and TA

F dfl df2 Sig
PostlGO 2.595 1 108 0.110
PostEGO 0.579 1 108 0.448
PostTV 0.765 1 108 0.384
PostCOLB 0.861 1 108 0.356
PostSELP 0.681 1 108 0.411
PostTA 0.052 1 108 0.819

In Table 4.13, as it appears, the p-values for six dependent variables were
higher than 0.05. This indicates the error variances of six dependent variables
across groups were equal and lastly the Levene’s Test of equality of error

variances for the MANCOVA used for comparing posttest scores of REH,
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ELA, ORG, CT, MESR, TSEM, ER, PL and HS, respectively was given in Table
4.14.

Table 4.14 Levene's test of equality of error variances for the MANCOVA used
for comparing posttest scores of REH, ELA, ORG, CT, MESR, TSEM, ER, PL
and HS

F dfl df2 sig
PostREH 0.279 1 108 0.598
PostELA 0.206 1 108 0.651
PostORG 0.516 1 108 0.474
PostCT 0.174 1 108 0.677
POStMETA 2.093 1 108 0.151
POStTSEM 1.299 1 108 0.257
PostER 0.041 1 108 0.840
PostPL 0.195 1 108 0.660
PostHS 1.844 1 108 0.177

It was indicated fom Table 4.14, the error variances of nine dependent
variables across groups were equal. As it is seen in table 4.12, 4.12 and 4.14, all F
values were found non-significant which indicates that the error variances of the
dependent variables across groups were equal for all analyses.

For the multicollinearity assumptions, the correlations between covariates
were examined. Multicollinearity refers to the existence of high correlation
among a set of independent variables (Cohen & Cohen, 1983, p.115).
Correlations among covariates were examined in order to check this assumption.
The correlation coefficient was found 0.31. So it can be said that there was no
multicollinearity among the three covariates for this analyse because correlation
coefficient was smaller than 0.80.

For the second MANCOVA, correlations among covariates; the PrelGO,
the PreEGO, the PreTV, the PreCOLB, the PreSELP, the PreTA and their
significance are given in Table 4.18 respectively.
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Table 4.15 Correlations between covariates; the PrelGO, the PreEGO, the PreTV,
the PreCOLB, the PreSELP, the PreTA

PreEGO PreTV  PreCOLB PreSELP PreTA

PrelGO 0.163 0.475* 0.314* 0.322* 0.101
PreEGO 0.264* 0.121 0.289* 0.359*
PreTV 0.348* 0.578* -0.079
PreCOLB 0.253* 0.013
PreSELP -0.086
* p<0.05

As seen in Table 4.15, the maximum value of correlations among
covariates was 0.578. So it can be said that there was no multicollinearity among
the six covariates for this anaylse. Therefore, it can be said that there is no
interaction effect of covariates on posttest scores; and so this assumption was
validated. For the last MANCOVA, correlations among covariates; the PreREH,
the PreELA, the PreORG, the PreCT, the PreMETA, the PreTSEM, the PreER,

the PrePL, the PreHS and their significance are given in Table 4.16 respectively.

Table 4.16 Correlations between covariates; the PreREH, the PreELA, the

PreORG, the PreCT, the PreMETA, the PreTSEM, the PreER, the PrePL, the
PreHS

PreMETA
PreTSEM

<
I
w
[<B]
S
[a

PreORG
PreCT
PreER
PrePL
PreHS

PreREH  os536* 0590 0457 0518* 0.177 0.314* 0.389* 0.267*

PreELA 0.561* 0.626* 0.699* 0.256* 0.371* 0.459* 0.356*
PreORG 0517* 0.590* 0.224* 0.254* 0.505* 0.287*
PreCT 0.483* 0.203* 0.177 0.515% 0.168
PreMETA 0.403* 0.482* 0.449* 0.273*
PreTSEM 0.444* 0.207* 0.264*
PreER 0.107 0.088
PrePL 0.423*
* p<0.05
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By similarly, it can be said that there was no multicollinearity among the
PreREH, the PreELA, the PreORG, the PreCT, the PreMETA, the PreTSEM, the
PreER, the PrePL, the PreHS for the last MANCOVA analyse.

The next assumption is homogeneity of regression slopes. Homogeneity
of regression assumption means that the regression of dependent variables on
covariates must be constant over different values of a group membership. In order
to check this assumption, linear regression analysis was conducted. Covariate
variables were set to Block 1, group membership was set to Block 2 and the
interaction terms set to Block 3 (Block 1* Block 2). Then, to test the significance
of R? change, the regression analysis was performed using enters method for each
variable. If the interactions were significant, then the homogeneity of the
regression assumption would be violated (Stevens, 2002). To check this
assumption, it is possible to use univariate analysis and form interaction sources
between each covariate and the factor assessed in the prediction of the dependent
variable. In the present study, linear regression analyse was used.

For the MANCOVA used for comparing posttests of BMAT and MPST,
three interaction terms were produced by multiplying the group membership with
the covariates; the PreBMAT and the PreMPST. Table 4.17 shows the result of

the regression analysis.

Table 4.17 Analysis of the homogeneity of regression assumption in MANCOVA
comparing posttests scores of BMAT and MPST

Model Change Statistics

R’ Change F Change dfl df2  Sig. F Change
PostBMAT
Block 1 0.100 5.931 2 107 0.004
Block 2 0.050 6.250 1 106 0.014
Block 3 0.044 2.840 2 104 0.063
PostMPST
Block 1 0.332 26.604 2 107 0.000
Block 2 0.165 34.681 1 106 0.000
Block 3 0.014 1.506 2 104 0.227

As it is seen from this table, the contribution of Block 3 (Block1*Block?2)
is not significant for the PostBMAT and the PostMPST. As a result, a non
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significant interaction between the factor and covariates suggested that the
differences on the dependent variables among groups did not vary as a function
of the covariates.

For the second MANCOVA used for comparing posttests of 1GO, EGO,
TV, COLB, SELP and TA, six interaction terms were produced by multiplying
the group membership with the covariates; the PrelGO, the PreEGO, the PreTV,
the PreCOLB, the PreSELB, the PreTA. Table 4.22 shows the result of the

regression analysis.

Table 4.18 Analysis of the homogeneity of regression assumption in MANCOVA
comparing posttests scores of IGO, EGO, TV, COLB, SELP and TA

Model Change Statistics

R” Change F Change dfl df2  Sig. F Change
PostIGO
Block 1 0.373 10.234 6 103 0.000
Block 2 0.016 2.690 1 102 0.104
Block 3 0.041 1.161 6 96 0.334
PostEGO
Block 1 0.413 12.067 6 103 0.000
Block 2 0.023 4.087 1 102 0.046
Block 3 0.019 565 6 96 0.758
PostTV
Block 1 0.483 16.038 6 103 0.000
Block 2 0.068 15.526 1 102 0.000
Block 3 0.036 1.376 6 96 0.232
PostCOLB
Block 1 0.313 7.812 6 103 0.000
Block 2 0.045 7.218 1 102 0.008
Block 3 0.056 1.536 6 96 0.175
PostSELB
Block 1 0.422 12.533 6 103 0.000
Block 2 0.038 7.195 1 102 0.009
Block 3 0.017 518 6 96 0.794
PostTA
Block 1 0.228 5.068 6 103 0.000
Block 2 0.009 1.229 1 102 0.270

Block 3 0.037 .826 6 96 0.552
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As it is seen from this table, the contribution of Block 3 (Block1*Block?2)
is not significant for the PostlGO, the PostEGO, the PostTV, the PostCOLB, the
PostSELB, the PostTA. For this MANCOVA, a non significant interaction
between the factor and covariates suggested that the differences on the dependent
variables among groups did not vary as a function of the covariates. This means
that the homogeneity of regression assumption is validated for this model.

Similarly, for the third MANCOVA used for comparing posttests of REH,
ELA, ORG, CT, MESR, TSEM, ER, PL and HS nine interaction terms were
produced by multiplying the group membership with the covariates. Results are
presented in Table 4.19.

Table 4.19 Analysis of the homogeneity of regression assumption in MANCOVA
comparing posttests scores of REH, ELA, ORG, CT, MESR, TSEM, ER, PL, and
HS

Model Change Statistics

R’ Change F Change dfl df2  Sig. F Change
PostREH
Block 1 0.476 10.104 9 100 0.000
Block 2 0.003 0.605 1 99 0.439
Block 3 0.072 1.604 9 90 0.126
PostELA
Block 1 0.471 9.904 9 100 0.000
Block 2 0.032 6.389 1 99 0.013
Block 3 0.064 1.468 9 90 0.172
PostORG
Block 1 0.432 8.437 9 100 0.000
Block 2 0.010 1.767 1 99 0.187
Block 3 0.042 0.807 9 90 0.611
PostCT
Block 1 0.405 7.578 9 100 0.000
Block 2 0.002 0.263 1 99 0.609
Block 3 0.048 0.883 9 90 0.544
PostMETA
Block 1 0.569 14.658 9 100 0.000
Block 2 0.080 22.498 1 99 0.000
Block 3 0.012 0.340 9 90 0.959
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Table4.19 (continued)

PostTSEM

Block 1 0.448 9.013 9 100 0.000
Block 2 0.030 5.626 1 99 0.020
Block 3 0.058 1.249 9 90 0.276
PostER

Block 1 0.391 7.148 9 100 0.000
Block 2 0.080 14.882 1 99 0.000
Block 3 0.033 0.660 9 90 0.743
PostPL

Block 1 0.193 2.662 9 100 0.008
Block 2 0.021 2.617 1 99 0.109
Block 3 0.049 0.671 9 90 0.733
PostHE

Block 1 0.307 4.923 9 100 0.000
Block 2 0.020 3.002 1 99 0.086
Block 3 0.080 1.352 9 90 0.222

From Table 4.19, it can be understood that the interaction terms did not
result in significance for each dependent variable. Hence, there was no significant
interaction between the covariates and the independent variables. As a result
homogenity of regression slope assumption is satisfied for all MANCOVA
Model for this study.

The last one of these assumptions is independence of observations. To
validate this assumption the researcher observed both groups during the
administration of all pre and posttest. From the observations it can be mentioned

that all subjects did all the tests by themselves.

4.3 Findings of Research Questions

In this part the findings of the analyses to test the null hypothesis related were

presented in the order of related research questions.

4.3.1 Findings of the First Research Question

The null hypothesis related to the first research question of this study is as
follows:

H.,1: There is no significant overall effect of different problem solving

approaches on the collective dependent variables of the pre-service elementary
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school teachers’ post test scores on basic achievement test and problem-solving
performance test when participants’ pre-test scores on basic achievement test and
problem-solving performance test are controlled.

The hypothesis was tested by a multivariate analysis of covariance
(MANCOVA) at the significance level 0.05. The satisfaction of all assumption were
tested and according to the analysis, all assumptions were satisfied for this
MANCOVA Model. The results of assumption analysis were given in section 4.2.
The covariates were used to statistically equalize pre-service
teachers’characteristics. As the covariates of this study; the PreBMAT and the
PreMPST were determined. Group membership with respect to two groups was
named here as “Group” and used as fixed factor of this study. The results of this
MANCOVA Model were illustrated in Table 4.20.

Table 4.20 Multivariate tests results for the MANCOVA comparing PostBMAT
and PostMPST

Effect Wilks' F  Hypothesis Errordf  Sig. Eta  Observed
Lambda df Squared  Power
Intercept  0.485 55.767 2.000 105.000 0.000 0.515 1.000
PreBMAT 0.855 8.918 2.000 105.000 0.000  0.145 0.969
PreMPST 0.872 7.712 2,000 105.000 0.001 0.128 0.944
Group 0.735 18.931 2.000 105.000 0.000 0.265 1.000

As it is seen from the Table 4.20, the PreBMAT and the PreMPST were
statistically significant covariates at 0.05 significance level. Furthermore, there is
a statistically significant overall effect of different problem solving approach on
the collective dependent variables of the PostBMAT and PostMPST when the
PreBMAT and PreMPST were controlled [F(2, 105) =18.931, Wilks’ A=0.73,
p=0.000]. According to the Table 4.20, the multivariate n2 =0.265 based on
Wilks’ A was large by utilizing the guidelines proposed by Cohen and Cohen
(1983). This n2=0.265, infered as 26.5% of the total variance of model for the
collective dependent variables of the PostBMAT and PostMPST was explained
by the treatment.

According to the Table 4.23, it is seen that observed power of the study is
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1.000. This is higher than the calculated power of the study, which was 0.80
(explained in section 3.10).

Analyses of covariances (ANCOVA) on each dependent variable were
conducted as follow-up tests to the MANCOVA. In ANCOVA the hypothesis-wise
alpha level was divided by 2 which is the number of dependent variables (Green
& Salkind, 2004, p.224). Table 4.21 presents the results of the ANCOVA.

Table 4.21 Follow- up Pairwise Comparison for the MANCOVA comparing
PostBMAT and PostMPST

Dependent  Groups Mean SD F Sig. df Partial Observed

Variable n2 Power

PostBMAT EG 37.37 8.84

2 014* 1,106 O. _
cG 3416 911 o290 00 106 0.056 0.698

PostMPST EG 51.71 11.73

34.681 0.000* 1,106 0.247 1.000
CG 36.82 11.10

p*<0.025

From the Table 4.21, a statistically significant mean difference was seen for
the PostBMAT between groups in the favor of questioning problem solving
approach [F(1,106) =6.25, p=0.014<0.025, 1>=0.056]. It can be inferred that
students in questioning problem solving approach had higher scores on posttest
than the students in traditional problem solving approach(Megposemar=37.37,
SDecrostemar=8.84; Mceposamar=34.16, SDceposamar=9.11).

The eta squared for the posttest scores of the BMAT was approximately 0.06
and this value was equal to small effect size (Cohen & Cohen, 1983). This
indicated that approximately 6 % of multivariate variance of the PostBMAT was
associated with the group factor. Moreover, observed power for posttest scores of
the BMAT was 0.698.

Additionally, it can be seen clearly from, there is a statistically significant
mean difference for the PostMPST between groups in the favor of questioning
problem solving approach [F(1,106)=34.68, p=0.000<0.025,
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n?=0.247]. According to the results it can said that students in questioning
problem solving approach had higher scores on posttest than the students in
traditional problem solving approach (Megpostmpst=51.71, SDggpostvipst=11.73;
Mcepostmpst=36.82, SDcepostmpst=11.10).

The multivariate n2 = 0.247 was found for PostMPST. This was large
effect size (Cohen and Cohen, 1983) indicated that approximately 25% of
multivariate variance of the PostMPST was associated with the group factor and

the observed power for posttest scores of the MPST was found 1.000.

4.3.2 Findings of the Second Research Question

The second null hypothesis related to the second research question of this

study is as follows:

H.,2: There is no significant overall effect of different problem solving

approaches on the collective dependent variables of pre-service elementary
school teachers’ post test scores on intrinsic and extrinsic goal orientation, task
value, control of learning beliefs, self-efficacy for learning and performance, and
test anxiety when participants’ pre-test scores on each variable are controlled.

Second MANCOVA was conducted to test the hypothesis at the
significance level 0.05. All of the assumptions of this MANCOVA Model were
satisfied. The results of assumption analysis were given in section 4.2.2. The
PrelGO, the PreEGO, the PreTV, the PreCOLB, the PreSELB and the PreTA
were determined as the covariates of this analyse. Group membership with
respect to two groups was named here as “Group” and used as fixed factor. The
results of this MANCOVA Model were illustrated in Table 4.22.
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Table 4.22 Multivariate tests results for the MANCOVA comparing PostIGO,
PostEGO, PostTV, PostCOLB, PostSELP and PostTA

Effect Wilks' F  Hypothesis Errordf  Sig. Eta  Observed
Lambda df Squared  Power
Intercept 0.801 4.014  6.000 97.000 0.001  0.199 0.965
PrelGO 0.785 4.432  6.000 97.000 0.001  0.215 0.979
PreEGO 0.665 8.146  6.000 97.000 0.000 0.335 1.000
PreTV 0.681 7.590  6.000 97.000 0.000 0.319 1.000
PreCOLB 0.872 2.378  6.000 97.000 0.035 0.128 0.792
PreSELP 0.800 4.045  6.000 97.000 0.001  0.200 0.967
PreTA 0.847 2909  6.000 97.000 0.012  0.153 0.878
Group 0.776 4.664  6.000 97.000 0.000 0.224 0.985

According to the Table 4.22, The PrelGO, the PreEGO, the PreTV, the
PreCOLB, the PreSELB and the PreTA were statistically significant covariates at
0.05 significance level. More over, it can be seen, there is significant overall
effect of different problem solving approach on the collective dependent
variables PostIGO, PostEGO, PostTV, PostCOLB, PostSELB, PostTA when the
pre-test scores of 1GO, EGO, TV, COLB, SELB and TA were controlled
[F(6,97)=4.664, Wilks’A=0.77, p=0.000]. The multivariate > was found 0.224
and this indicated that approximately 23% of multivariate variance of the
dependent variables was associated with group factor.

In Table 4.22, it is seen that observed power of the study is 0.985. This
value is higher than the calculated power of the study, which was 0.80 (explained
in section 3.3).

Analyses of covariances (ANCOVA) on each dependent variable were
conducted as follow-up tests to the MANCOVA. Each ANCOVA was conducted at
alpha level of 0.0083. Table 4.23 presents the results of the ANCOVA.
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Table 4.23 Follow-up Pairwise Comparison for the MANCOVA comparing
PostlGO, PostEGO, PostTV, PostCOLB, PostSELP and PostTA

Dependent Groups Mean SD F Sig. df Partial Observed
Variable n2 Power

PostlGO EG 19.16 5.04
2690 0.104 1,102 0.026 0.369
CG 17.73 4.74

PosttGO EG 19.92 4.32
4087 0.046 1,102 0039 0517
CG 18.25 4.35

PostTV.  EG 3439 570 15526 0.000% 1,102 0.132  0.974

CG 30.36 6.06
PostCOLB EG o908 340 7.218 0.008* 1,102 0.066  0.758

CG 20.35 3.96
POStSELB EG 4225 gog 7.195 0.009 1,102 0.066  0.757

CG 37.96 8.34
PostTA EG 1860 506 1229 0270 1,102 0012  0.196

CG 20.41 5.85

p*<0.0083

As it is seen from the Table 4.23, there is a statistically significant mean
difference for posttsest scores of TV between groups in the favor of questioning
problem solving approach  [F(1,102)=15.526, p=0.000<0.0083, n°=0.13].
Therefore students in experimental group had higher scores on posttest than
students in control group (Megpostv=34.39, SDecposttv=5.70; Mcgpostv=30.36,
SDcapostrv=6.06).

The multivariate 12=0.132 of PostTV was (large effect size) indicated that
13.2% of multivariate variance of the PostTV was associated with the group
factor and the observed power of this dependent variable was 0.97.

Additionally, it can be seen from Table 4.23, there’s a statistically significant
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mean difference for the PostCOLB between groups in the favor of questioning
problem solving approach [F(1,102)=7.218, p=0.008<0.0083, n?=0.066].
According to the results it can said that students in questioning problem solving
approach had higher scores on posttest than the students in traditional problem
solving approach (Meggpostcore=22.28,  SDegpostcoLs=3-40;  McapostcoLs=20.35,
SDccrostcoLs=3.96).

The multivariate eta squared for the posttest scores of COLB was
approximately 0.07. This indicated that approximately 7% of multivariate
variance of the PostCOLB was associated with the group factor. Observed power
for posttest scores of the COLB was 0.75.

Additionally, in Table 4.23, results indicated that there was no statistically
significant mean difference between the experimental and the control groups with
respect to intrinsic goal orientation, extrinsic goal orientation, self efficacy for
learning and performance, and test anxiety. However, students in EG had higher
mean scores on PostlIGO and  PostEGO, than  the students in CG
(Mecpostico=19.16, SDecpostico=2.04; Mceposico=17.73, SDcgpostico=4.35;
Mecrosteco=19.92, SDecposiec0=4-32; Mcerosteco=18.25, SDcoposteco=4-74).

In addition, students in EG had higher mean scores on PostSELB than the
students in CG (Megpostsee= 42.25, SDecpostser8=8.96;  Mecopostses=37.96,
SDcerostseLs=8.34). Lastly according to the Table 4.23 it can be seen that students
in EG had lower mean scores on PostTA than the students in CG(Mggpostta=18.60,
SDecpostta=5.06; Mcapostta=20.41, SDcapostta=5.85).

4.3.3 Findings of the Third Research Question

The third null hypothesis related to the third research question of this study is
as follows:

H,3: There is no significant overall effect of different problem solving

approaches on the collective dependent variables of the pre-service elementary
school teachers’ post test scores on rehersal, elaboration, organization, critical
thinking, metacognitive self regulation, time and study environment management,

effort regulation, peer learning and help seeking when participants’ pre-test score
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on each variables are controlled.

To test the hypothesis last MANCOVA was conducted at the significance
level 0.05. All of the assumptions of this MANCOVA Model were satisfied. The
results of assumption analysis were given in section 4.2. The PreREH, the
PreELA, the PreORG, the PreCT, the PreMETA, the PreTSEM, the PreER, the
PrePL and the PreHS were determined as the covariates of this analyse. Group
membership with respect to two groups was named here as “Group” and used as

fixed factor. The results of this analysis were given in Table 4.24

Table 4.24 Multivariate tests results for MANCOVA comparing posttests scores
of REH, ELA, ORG, CT, MESR, TSEM, ER, PL, and HS

Wilks' F  Hypothesis Errordf  Sig. Eta  Observed
Effect Lambda df Squared  Power
Intercept 0.843 1.889 9.000 91.000 0.063 0.157 0.796
PreREH 0.744 3.481 9.000 91.000 0.001 0.256 0.982
PreELA 0.783 2.799 9.000 91.000  0.006 0.217 0.944
PreORG 0.906 1.047 9.000 91.000 0.410 0.094 0.489
PreCT 0.749 3.380 9.000 91.000 0.001 0.251 0.978
PreMETA 0.833 2.027 9.000 91.000 0.045 0.167 0.829
PreTSEM 0.693 4.472 9.000 91.000  0.000 0.307 0.997
PreER 0.716 4.014 9.000 91.000  0.000 0.284 0.993
PrePL 0.909 1.007 9.000 91.000 0.441 0.091 0.470
PreHS 0.709 4.144 9.000 91.000  0.000 0.291 0.994
Group 0.645 5.568 9.000 91.000 0.000 0.355 1.000

According to the Table 4. 24, it can be seen, the PreREH, the PreELA, the
PreORG, the PreCT, the PreMETA, the PreTSEM, the PreER, the PrePL and the
PreHS were statistically significant covariates at 0.05 significance level.
Furthermore, it is seen that there is a statistically significant overall effect of
different problem solving approach on the collective dependent variables of the
PostREH, PostELA, PostORG, PostCT, PostMETA, PostTSEM, PostER, PostPL
and PostHS when pretest scores of these variables were controlled [F(9,
91)=5.568, Wilks’ 2=0.64, p=0.000]. The multivariate n2=0.35 indicated that
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35% of multivariate variance of the dependent variables was associated with
group factor. In addition it is seen that observed power of the study is 1.000. This
is higher than the calculated power of the study, which was 0.80 (explained in
section 3.3).

Analyses of covariances (ANCOVA) on each dependent variable were
conducted as follow-up tests to the MANCOVA. Each ANCOVA was conducted
at alpha level of 0.0055. The results of this analysis were presented in Table 4.25.

Table 4.25 Follow- up pairwise comparison for MANCOVA comparing posttests
scores of REH, ELA, ORG, CT, META, TSEM, ER, PL, and HS

Dependent Groups Mean SD F Sig. df Partial Observed
Variable nz Power

EG 18.01 4.99
PostREH 0989 0.322 199 0.010 0.166
CG 18.92 4.06

EG 30.15 6.79
PostELA 6.337 0.013 1,99 0.060 0.703
CG 2756 6.63

EG 19.46 4.97
PoStORG 1.691 0.196 1,99 0.017 0.251
CG 18.50 4.45

EG 20.88 5.83
PostCT 0.169 0.682 199 0.002 0.069
CG 20.85 5.48

EG 62.09 9.41
PostMETA 23.003 0.000* 1,99 0.189 0.997
CG 56.03 10.7

EG 41.01 7.43
POStTSEM 5490 0.021 199 0053  0.641
CG 38.38 6.65

PostER = 2103 3.7z 15.582 0.000* 1,99 0.974
0S . . , .
CG 18.21 3.80 0.136

EG 12.80 3.78
PostPL 2679 0.105 199 0.026 0.368
CG 13.91 3.11

EG 20.22 4.99
PostHS 2574 0112 199 0.025 0.355
CG 19.37 3.29

*p < 0.0055 level
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From the Table 4.25, it is seen, a statistically significant mean difference for
posttsest scores of META between groups in the favor of questioning problem
solving approach F(1,99)=23.003, p=0.00<0.0055, 1?=0.189]. Therefore students
in experimental group had higher scores on posttest than students in control
group (Mecpostmera=62.09, SDecrostmera=9.41; Meceposimera=56.03,
SDcepostmeTa=10.7).

The multivariate eta square of PostMETA was found approximately 0.19
(large effect size) and it was indicated that 19% of multivariate variance of the
PostMETA was associated with the group factor. The observed power of this
dependent variable was found 0.99.

Additionally, it can be seen from Table 4.25, there is a statistically significant
mean difference for the PostER between groups in the favor of questioning
problem solving approach [F(1,99)=15.582, p=0.00<0.0055, n?=0.136].
According to the results it can said that students in questioning problem solving
approach had higher scores on posttest than the students in traditional problem
solving  approach  (Mecposter=21.03,  SDecposier=3.72;  Mcaposter=18.21,
SDceroster=3.80). The multivariate eta squared for the posttest scores of ER was
approximately 0.14. This indicated that approximately 14% of multivariate
variance of the PostER was associated with the group factor and the observed
power for posttest scores of the ER was 0.97.

Additionally, in Table 4.25, results indicated that there was no statistically
significant mean difference between the experimental and the control groups with
respect to REH, ELA, ORG, CT, TSEM, PL and HS. But, students in EG had
higher mean scores on PostELA, PostORG and PostCT than the students in CG
(MecposteLa=30.15, SDegposieLa=6.79; McaposieLa=27.56, SDceposteLa=6.63; Megpostora=
19.46, SDeeposiors=4.97;  Mcopostore=18.50, SDceposorc=4.45; Megposct=20.88,
SDecpostct= 5.83; Mcepostct=20.85, SDcapostct=5.48).

Besides this, students in EG had higher mean scores on PostTSEM and
PostHS than the students in CG (Megcposttsem=41.01, SDegposirsem=7-43;
Mcepostrsem=38.38, SDcaposttsem=6.65; Megpostis=20.22, SDecpostns=4-99;
Mecepostis=19.37, SDcepostns=3.29).
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In contrast to these findings, students in EG had lower mean scores on
PostREH and PostPL than the students in CG Meggposirern=18.01, SDegposren=4.99;
Mcopostren=18.92, SDcopostrer=4.06; MecpostpL= 12.80, SDecpostpL=3.78;
Mcepostet =13.91, SDcapostp=3.11).

4.3.4 Findings for the Fourth Research Question from Interviews

The interviews were conducted three times during the study to examine
the fourth reserach question

“How does pre-service elementary school teachers’ problem-solving
performance change during the study according to Polya’s problem solving
phases?”

Interviews were done with 8 selected students with respect to their
perivous year mathematics class. Under this aim every time two mathematical
problems were asked to participants.

Student A, B, and C were selected from high achiever students, student D,
E and F were selected from moderate achievement students and student G, H
were selected from low achiever students randomly. To find the answer of this
research question interview questions were prepared to the Polya’s problem
solving phases. The findings from all interviews can be summarized in Table
4.26.
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According to the Table 4.26, from the first interviews which was
conducted before the treatment, it was found that all students understood the
problems and they made a plan to solve the problems. For the first problem
except D and H, all students applied their plan and for the second problem samely
except D and G, others applied their plans to solve the problem. All students were
asked the question “What did you do first when you saw the problem?”, and then
according to the response of the student, “Could you understand the problem?”
“What did you do to understand the problem?” All students gave the answer “I
read and tried to understand”. The answers of the students for the first problem, A
and B are given as follows.

A: | read. | have a problem of reading for this kind of
problems, sometimes | can not understand, that's why | read
the problem over and over again, finally I understood.

B: Firstly | read the question a couple of times and |
understood. If | think that | will have difficulty, 1 generally
underline the problem to understand and write down the input
data, but I did not have difficulty for this problem.

Another important finding as seen in the Table 4.30 that none of the
students checked their answers in the first interviews. To the questions “Are you
sure about your answer?” and “Have you checked your answer?”, all of them,
answered either “not sure”, “have not checked”, or “sure”, “have not checked”.
Students, even if they were sure, did not check their answers. Some examples of

their answers for the first problem as follows;

A: Something went wrong while doing the operations, | solved
again to calculate through hours, but there was a mistake in
operations. | am not sure about the solution, did not check. ....1
generally check if the result is not a whole number.

C: | am not sure. | proofed it though, but I could not find
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which variable was what. | also did not understand how many

days have passed. | could not check since I did not have time.

In the second interview, it can be seen clearly that all of the students
understood the problems and they made a plan to solve the problem. In addition
for application the plan phase approximately same number of students when
comparing the number of students did in the first interview. For the third and
fourth problems five students checked their solutions or they looked back the
steps they did in their solutions. Some responds of students for the third problem

are given as;

A: | am not sure and | checked. First, the result was
meaningless, thus | read the problem a couple of times to
check if there was something missing. After solving again, |
found a more logical result. I thought that this relationship
was a function, because if we determine the domain no
elements remain outside, and each element matches with at
least an element.

B: I am sure, | checked. First, | miscalculated and got a very
big number, | tried again and even rounded the result up. |
concluded that it's a function since | found a result, there was
a relationship.. 1 know this is not enough but I could not go
further.

C: I am sure. | checked my operations again since | did them
manually. Also | used a calculator to check the accuracy of the
operations..

| think that this relationship is a function. | tried to find a
function confirming this relationship...

D: | am sure. | checked first and the result was 10 meters, |
thought that a human height can not be 10 meters, then I

figured out that | miscalculated. | calculated again, and this
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time the result was logical... | am sure about the result and |
checked.

E: I replaced F with the value, and the result was 514 cm. |
thought that the human height used to be this much in the
past... | am not sure... | couldn't go further. | did not check.

In the last interviews it was found that all students understood the
problems, made their plans and carry out their plans to find the answer.
Moreover, six students for the fifth problem and eight students for the last
problem checked their solutions for the last problem. Some example responses

are given as follows.

A: I am sure, | checked the solution.

C: I am sure, | checked the solution.

E: I am not sure but | checked.

F: Yes | am sure, | checked the solution.
G: I am sure, | checked the solution...

H: 1 am sure | checked.

The important results of the interview process during the treatment is
students had looking back skils when compared to the results of first
interview.Once they tried the problem, found an answer then go back to the

problem and verify their solutions.

4.3.5 Findings for the Fifth Research Question

“What are the opinions of pre-service elementary school teachers’ related
to the effects of the questioning problem solving approach?”

Question 1:What is your opinion about the problems that we solved
during the classes throughout the semester?

Responses to open-ended questions, loaded into four themes. These
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themes and examples of related responses were given as following;
e the problems enabled them to think differently (n=13)

“The problems were different than the Student Selection
Examination type we got used to. They enabled us to rethink
over and contemplate. ”

“The problems were different than those we encounter in the
regular mathematics lesson, that is, they were based on
thinking, questioning and reasoning. This was for us
advantageous in that it enabled us to rethink. ”

e the problem were required reasoning (n=10)

“The problems were related to daily life and required
attention. They necessitated reasoning and were
mathematically very telling”.

“According to me the problems given to us wererequired
reasoning. That is, in general they required thinking instead
of sticking to a formula. It was a very worthy method in that it
enables us to rethink ”.

e the problems were about the everyday life, (n=7)

“It was very nice contemplating carefully on the problems
with my friends for some time. We found the answers to most
of the problems that used to make us question how to use the
subjects in daily life in this lesson. It enabled us to understand
the subject better, to deduce the stable rules to daily life, and
to relate mathematics to daily life .

“The problems were about current subjects related to daily

life.”

e enabled us to understand the content better, (n=5)

“The problems were wittingly chosen. | could say that they
provide the essence, the main idea of the subject. At the same
time, I could tell that some verbal problems made it easier to
remember the subject. ”

“At the beginning it seemed as if the problems had nothing to
do with the subject but they were sharply tricky. The problems
were chosen well. | could say that they present the core of the
subject.”
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Question 2: What is your opinion about the problem solving approach, which
applied in Basic Mathematics Course during the semester?
Related responses about this qustion were loaded into four themes. These

themes and examples of related responses were given as following;

e problem solving way especially useful, (n=14)

“Honestly, 1 was very surprised at the beginning; then I
realized that this method was especially useful for us .

“It is very helpful first to deal with the problem alone, and
then to discuss it with colleagues. | enjoyed referring to the
hint sheet.”

e this way was different than the other tought in mathematics class,
(n=11)

“We were not familiar with the way the subject was treated.
Treating the subject with problems enabled us to comprehend
mathematics and think logically. ”

“The way the subject was treated was so different than the
mathematics class we have been to so far. In general the
teacher presents the subject and solves related problems. ”

e at the beginning it was difficult, (n=7)

“It was very different than the mathematics class that we were
accustomed to. At the beginning it was difficult because | was
not able to solve the problems but afterwards it became

engaging. ”

“I had some difficulties at the beginning, but I easily got used
to this process. The semester was fruitful for me. My high
grades could be an indicator of it”.

e problem solving was rather entertaining, (n=10)

“Problem solving session was rather entertaining. It developed
curiosity in me conferring to our friends or to the hint sheets
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when we were not able to solve the problem”.

“I think the way the subject was treated was very amusing. It
increased my curiosity for solving problems to think over a
problem by ourselves, and when we cannot solve it, to confer
with a friend or to use the hint sheets. ”

Question 3: According to you, is there any positive behavior that the questioning
problem solving endowed you with?

According to the results, responses were loaded into three loaded into
themes. These themes and examples of related responses were given as
following;

e Learnto solve the problems in different ways, (n=14)

“It enabled us to develop and find out new ways of problem
solving to try to solve the problems by ourselves. | learnt that
we could solve the problems in diverse ways .

“The problems enabled me to develop diverse strategies for
them and other problem solving methods.”

e Learn to think differently, (n=14)

“I learnt to think differently and to take a different approach.
It was very logical first to solve the problems alone and then
to seek advice from our friends or the hint sheets. | consider
using the same method with my students in the future. ”

“Thinking differently compelled us and taught us to think
another way. ”

e use problems in their classes in the future, (n=3)

“I observed that | started to consider solvable the problems we
used to call unsolvable by learning problem solving ways or
seeing that I was able to solve them. | would like to ask these
problems to my pupils when | become a teacher.”

117



“I'will apply the same method when I become a teacher in the

future.”

Question 4: What kind of negativities did you observe during the
application of the questioning problem solving?

According to the results, responses were loaded into two loaded into
themes. These themes and examples of related responses were given as
following;

e Problems were difficult, (n=9)

“Some problems occurred difficult to me”.
“Some problems were difficult for me.”
e The discussions for problem solution took too long, (n=5)

“The noise caused by the problem discussion sessions were
long.”
“Sometimes we discussed a problem too much.”

4.5. Summary of the Results

The following results obtained from the present study could be summarized

as follows summarized under each measuring tool and type of analysis

e According to the results related to BMAT and MPST , the EG had the
higher scores after treatment comparing the CG.

e The EG group was better in terms of gain score obtained in the sub- scales
of motivation scale of MSLQ as 1GO, EGO, TV, COLB, SELB and TA.

e Overall mean scores of EG in the learning strategies; REH, ELA, ORG,
CT, META, TSEM, PL, HS the EG had the higher scores comparing the
CG.

e There was a statistically significant effect of different problem solving
approach on the collective dependent variables of the pre-service
teachers’ scores on PostBMAT and PostMPST when their the PreBMAT
scores and the PreMPST scores are controlled.

e There was a statistically significant mean difference for the PostBMAT
between groups in the favor of questioning problem solving approach.

e There was a statistically significant mean difference for the PostMPST
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between groups in the favor of questioning problem solving approach.
There was significant overall effect of different problem solving approach
on the collective dependent variables PostlGO, PostEGO, PostTV,
PostCOLB, PostSELB, PostTA when the pre-test scores of 1IGO, EGO,
TV, COLB, SELB and TA were controlled.

There is a statistically significant mean difference for posttsest scores of
TV between groups in the favor of questioning problem solving approach.
There is a statistically significant mean difference for posttsest scores of
COLB between groups in the favor of questioning problem solving
approach.

There is a statistically significant overall effect of different problem
solving approach on the collective dependent variables of the PostREH,
PostELA, PostORG, PostCT, PostMETA, PostTSEM, PostER, PostPL
and PostHS when pretest scores of these variables were controlled.

There was a a statistically significant mean difference for posttsest scores
of META between groups in the favor of questioning problem solving
approach.

There was a statistically significant mean difference for the PostER
between groups in the favor of questioning problem solving approach.
According to the results of interviews; before the treatment all students
had skills in Polya’s understanding and making a plan phases. None of the
students checked their solutions. However at the end of the treatment all
students performed all of the phases.

According to their opinions; the problem were required reasoning and
enabled them to think differently and to understand the content better.
Moreover, students about the positive behaviors brought by the
questioning problem solving approach were that their individual attempts
to solve problems improved their skills and then they have learned new
ways of solution through class discussions. Moreover this approach

enabled them to think differently.
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CHAPTER 5

DISCUSSIONS, CONCLUSIONS AND IMPLICATIONS

In this chapter firstly discussion of results is summarized then internal
validity and external validity are stated in the second section. Conclusions and
implementations are given in the third section respectively. Implications are
presented in the fourth section. Finally, recommendations for further research
studies are given in the last section.

5.1 Discussion of the Study

The main purpose of this study was to investigate the effect of questioning
problem solving approach on pre-service teachers’ basic mathematics
achievement, problem solving performance and their perceived motivation;
intrinsic goal orientation, extrinsic goal orientation, task value, control of learning
beliefs, self-efficacy for learning and performance, test anxiety and perceived use
of learning strategies; rehearsal, elaboration, organization, critical thinking,
metacognitive self-regulation, time and study environment, effort regulation, peer
learning and  help seeking. Questioning problem solving approach was
implemented as an instruction to first grade elementary school pre-service
teachers and analyzed whether there was an advance on basic mathematics
achievement, problem solving performance and their self- regulated learning. As
a result of the present study, at the end of the experimental process, a significant
difference between the groups who exposed to the instruction of experimental
approach and those who were not, in terms of achievement, problem solving
performace and self regulated learning was found.

Initially, the result of first research question revealed that approximately
27% of the total variance of MANCOVA model for the collective dependent
variables of the PostBMAT and PostMPST was explained by group membership.

The treatment ES measured here approximately matched the large effect size.
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Therefore, the results of this study are of practical significance. The results of this
study, provide an evidence for conducting similar studies with different samples
and topics.

In comparing the results of this research with those of the previous studies
about problem solving this research supports the some findings of previous
studies.

This conclusion supports the former studies (e.g. Verschaffel et al., 1999)
which maintain that there is an attempt to learn and to develop problem solving
skills at different and similar levels, and problem solving performence can be
increased through instruction. Higgins (1997) presented that the sixth and seventh
grade students who had been given the teaching of problem solving have gained
positive attitudes. Verschaffel et al. (1999) have found that the teaching of
problem solving given to the fourth and fifth grade students has helped them in
solving mathematical application problems and students have become able to
learn problem solving strategies.

Also it was observed that there was a meaningful difference between the
students in the experimental group and control group in terms of the problem
solving performance level. This finding proves that problem solving in social
constructivist learning environment has a distinctive impact on increasing the
problem solving achievement levels of students supporting the studies conducted
by De Corte (2004). Charles & Lester (1985) found that children can learn how
and when to use problem-solving strategies to successfully solve problems when
provided with explicit instruction on the strategies. According the qualitative data
pre-service teachers learnt to verify their solutions or they tried to use looking
back or checking strategies. Thus former studies reported that problem solving
strategies can be learnt (e.g.Verschaffel et al., 1999, Charles & Lester, 1985) and
this study confirmed that.

Additionally according to the second research question of this study, it
has documented that questioning problem solving approach versus traditional
approach did make a significant influence on the collective variables of

motivational strategy components as; intrinsic goal orientation, extrinsic goal
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orientation, task value, control of learning beliefs, self-efficacy for learning and
performance, test anxiety. The results revealed that, 22% of the total variance of
MANCOVA model for the collective dependent variables of the PostlGO, Post
EGO, PostTV, PostCOLB, PostSELB, PostTA was explained by group
membership. More over, according to the follow-up analyses it was found that
questioning problem solving approach had positive influence on students’ task
value and control of learning beliefs. Students tend to participate in a task
because of their interests and utilities.. These findings were revealed by both the
statistical analysis and students’ opinionS. The researcher couldn’t find a very
paralel research studying the effect of problem solving approach that defined in
this study on students’ perceived motivation and use of learning strategies. Thus,
this results may be explained by some aspects. Firstly the time duration of the
implementation was ten weeks and the age of participants were between 18 and
20. So this time period may not be enough for an adult to make a change in
her/his motivational believes.

With respect to the results of third research question, it was found that that
questioning roblem solving approach did make a significant influence on the
collective variables of learning strategy components such as; rehersal,
elaboration, organisation, critical thinking, metacognitive self-regulation, time
and study environment management, effort regulation, peer learning and help
seeking. The results showed that, 35% of the total variance of MANCOVA
model for the collective dependent variables of the post test scores of all sub
components of learning strategies. Besides, from the results the follow-up
analyses it can be concluded that problem solving approach enhances students’
use of metacognitive self-regulation and effort regulation in the favor of
experimental group. Mean scores of effort regulation in did not make an
important change in experimental group’ pre and post tests but mean score in
control group decreased drastically so this negatively change made a significant
difference between two groups. Thus, it can be infered that traditional problem
solving approach did not developed effort regulation. On the contrary, it has

affected negatively. More over, the follow-up analyses showed that questioning
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problem solving approach had positive influence on students’ metacognitive self
regulation. Metacognition and problem solving used in this study were relevant,
because questioning problem-solving was applied to give students the
opportunities for dealing with problem solving consistently, discussing their
solution strategies and building up their own informal strategies for solving
problems. They tried to find the solutions by themselves firstly and by the whole
clasroom discussion they learned different problem solving strategies. Besides
this, Polya’s problem solving phases contains both cognitive and metacognitive
process. Since questioning problem solving approach was basis on the Polya’s
problem solving framework, it affected students’ metacognitive self regulation
positively in experimental group.

The other result found from fourth research question showed that
encouraging all the students in the questions regarding their own thinking
processes during problem solving prompted to look back, in other words, check
behaviours. It is extremely important that students learn to look back after
engaging in problem solving. They should look back at the problem to see how it
is similar to and different from others, look back the answers to make sure it is
reasonable, look back the solution process whether they used the right strategy
and most important look back at their own thinking at how they thought about the
problem and why (Rey et al, 2007). Looking back or checking phase is related
with metacognition. Thus this result was coincided the result that questioning
problem solving approach affected students’ metacognitive self regulation
positively in experimental group. Besides this remarkable result was observed at
the end of the research that students on low math success level have displayed
the expected behaviours most in the problem.The high achiever students
interviewed haven’t exhibited a relatively remarkable change in the phases of
understanding problem, planning and plan implementation. It is said that all the
students interviewed have had understanding and planning skills at the beginning
of the experimental study. When age levels of the students and their mathematical
knowledge are taken into account this situation is quite usual.

According to the students’ opinions about the treatment or questioning
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problem solving, they have mentioned that they have begun to think logically and
understand that mathematics is not an abstract science. The common opinions
among the students about the positive behaviors brought by the questioning
problem solving were that their individual attempted to solve problems improved
their skills and then they have learned new ways of solution through class
discussions. In addition, they expressed that they have realized the importance of
setting problem. They also stated that, since they learned this method by
experiencing it, it is a good example for them as they will be teachers in the
future, and they learned to look at mathematics from different angles. As
mentioned earlier that the researcher pre-service teacher education is very crutial.
Teachers in future need to develop their own problem-solving performance. Thus
this implementation not only developed their problem-solving performance but
also guided through the problem solving process.

As a conclusion the results revealed that, there was an increase in problem
solving skills of the students who have been exposed to the intervention
approach. For this reason, questioning problem solving approach can be used as a
useful tool in order to develop the problem solving skills which is included
among the primary objectives of mathematics education curricula and which
plays an important role in the academic development of students (MoNE, 2005a).
Accordingly it is suggested that, mathematical problem solving should be
embedded in all mathematics course.

All students are expected to acquire sufficient mathematical problem
solving skills so that they are well prepared for the majority of jobs in this
century that require high levels of mathematical and technical skills. This study to
serve as a basis for studies related to future and providing empirical evidence to
designers of problem solving can utilize to improve problem solving skills.

For this reason, an application towards this aim during problem solving
activities in schools will be useful for students. Present study supported that in
mathematics course problem solving instruction improves mathematics
achievement. Depending on the results for further studies, investigating the effect

of qustioning problem solving with different group sizes, and at different grade
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levels in other mathematics courses suggested. Although many reform advocates
have stressed the need for an increased focus on problem solving, many
elementary school teachers continue to instruct problem solving in a traditional
way. It may be possible to support teachers in their efforts to deliver the aim of
our new mathematics program that includes emphasis in the areas of problem
solving. Accordingly, preservice teacher education students need to be prepared
to teach mathematics utilizing problem solving as both a pedagogical
methodology and as a heuristic that should be actively taught to students. When
these students decide to become teachers, they had an image formed in their
minds about what a teacher was. That image was based upon their own
experiences as students. At the end of the study, pre-service teachers realized
teaching mathematics by problem solving no longer resembled the traditional
image they had in their minds. Moreover, they realize that mathematic can be
used in daily life more than use in shopping.

Finally, it can be said as a final though that, since problem solving is the
main cornerstone of the mathematics education it was hoped that the experiences
preservice teachers had in this mathematics course would teach them how to
teach mathematics in the new way their problem solving skills and apprach to
learning. “The important point about problem solving is not that some people are
better at it than other. Instead, the important point is that problem solving can be
learned. It frequently isn’t learned because it isn’t taught”(Bransford & Stein,
1993) (as cited in Baker, 1998)

5.2 Internal Validity and External Validities

Possible threats to the internal and external validities of this study and

their control were discussed in this subsection.

5.2.1. Internal Validity

The internal validity of the study refers to the degree to which extraneous
variables may influence the results of research (Fraenkel & Wallen, 2000).

Possible threats to internal validity and the methods used to cope with them were
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discussed in this section.

In this study, subjects were not were randomly assigned, thus many subject
characteristics (e.g, pretests scores, prior mathematical knowledge) may affect
students’ post tests scores. These variables can be regarded as potential
extraneous variables of the study. All of these variables were included in the
covariate set to statistically match subjects on these factors. The pretest scores of
basic mathematics achievement test, mathematical problem performance test, sub
scales of motivation and learning strategies were directly measured and were
included in the covariate set, so possible .

For history effect, groups were administered all tests approximately at the
same time. By this way similar situations were tried to be provided. The results of
the treatment may be associated with specific events occurred between pretest
and posttest. This will not be an issue because the length of the study.

Location threat was reduced by satisfying similar situations in group. The
location was the same mathematics class. Situations for both groups were tried to
be made similar and the tests were administered to all groups at the same class in
order to alleviate location threat.

A Hawthorne effect and data collector characteristics should not be a threat
to the study. Being exposing to a pretest might affect students’ performance on
the posttest. However, it is assumed that pretest affected both groups equally. The
experiment duration of the study was totally 10 weeks, so time duration was long
to memorize the items in pretest.

Confidentiality was not a problem in this study since characteristics and
names of students were not be used in any form. Students’ names were taken for
the sake of statistical analysis, and only the researcher knew and could access to
them.

An instrumentation threats could be in the form of instrument decay, data
collector bias, or inadequate demonstration of reliability and validity of the
assessment. In this study although an open-ended questions were used in the
performance tests, each questions were divided into subtasks according to the

objectives covered and each tasks were scored. Therefore, instrument decay was
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not a viable threat.

5.2.2. External Validity

Subjects of the study were not randomly selected from the accessible
population. They were the students of one public university in Ankara.
Generalization of this study’s findings was limited due to use of a non random
sample convenience. But, generalizations to similar populations of university
students might have been accepted. So the results and conclusions found in the
study can be applied to a broader target population. However, the results were
presented in this study could be applied to a broader population of samples
having similar characteristics with the sample of this study.

The research study was conducted in the same class.The sitting
arrangements and the lighting were equal; therefore, the threats to the ecological
validity were also controlled.

Treatments and all testing procedure took place in ordinary classrooms
during regular class time. There were possibly no remarkable differences among
the environmental conditions created by the instructors. Ecological validity was
adequately controlled by the settings used in this study.

5.3 Conclusions of the Study

Internal and external validity threats of this experiment were sufficiently
controlled by the settings of the study. Since the sample of the study chosen by
the use of a nonrandom sample of convenience, the generalizability of this
research was somewhat limited. The conclusions offered here can be applied to a
broader population of similar universities department of elementary teacher
education. The conclusions are in the followings.

Questining problem solving approach improved presevice teachers’ basic
mathematics achievement and problem solving performance, when mean scores
of the experimental and control group were compared. Although, preservice
teachers” BMAT and MPST scores were increased from pretest to the posttest in

both experimental and control groups, the increase in experimental group was
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higher than the control group. So, this approach increased basic mathematics
achievement and problem solving performance higher than the traditional
method.

Preservice teachers’ perceived task value, control of learning beliefs, self-
efficacy for learning and performance self and test anxiety were increased from
pretest to the posttest in experimental group. Their overall means of sub-
components got higher after treatment except instrinsic and extrinsic goal
oriantation. However, CG’s scores on instrinsic and extrinsic goal oriantation,
task value, control of learning beliefs, self-efficacy for learning and performance
self and test axiety were decreased from pretest to the posttest. Thus, traditional
problem solving approach caused an overall mean decrease on their perceieved
motivation. As a conclusion questioning problem solving approach improved pre-
service teaches’ perceived control of learning beliefs and task value but had no
effect on their perceived intrinsic goal orientation, extrinsic goal oriantation, self-
efficacy for learning and performance and test anxiety when mean scores of the
experimental and control group were compared statistically by controlling their
perior perceived motivational strategies.

Additionally, questioning problem solving approach had no effect
significantly on students’ use of rehearsal, organization, elaboration strategies,
critical thinking, management of their time and study environment, peer learning
and help seeking, but this approach improved preservice teachers’ use of
metacognitive self-regulation strategies, and regulation of their effort when mean
scores of the experimental and control group were compared statistically by
controlling their perior perceived use of learning strategies.

The other conclusion was, all the students with questions regarding their
own thinking processes during problem solving, triggers looking back. It is
extremely important that students learn to look back after engaging in problem
solving. Thus problem solving has increased students’ problem solving
performance specially to their verification behaviour in problem solving process.

When the responses of students are examined, they were in consensus that

the problems were about the everyday life. Moreover, the problems enabled them
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to think reasonblyrethink. They perceived the problem solving to be very strange
at the beginning, they had not seen such an approach before but eventually they
got used to, and they found it very helpful for them. The common opinions
among the students about the positive behaviors brought by the problem solving
method were that their individual attempts to solve problems improved their
skills and then they have learned new ways of solution through classroom
discussions.They also stated that, since they learned this method by experiencing
it, it is a good example for them as they will be teachers in the future, and they

learned to look at mathematics from different angles.

5.4 Recommendations

Questioning problem solving can be used to develop pre-service teachers’
problem solving performance and achievement at universities in basic
mathematics course. This approach may not only improve preservice teachers’
problem solving performance but also guide them in their teaching and their
professional life.

Teacher traning programmes are crucial for obtaining information and
becoming skillful at problem solving of the teachers. When the teacher’s required
characteristics in the “training-teaching efficiencies” are defined by
MoNE(2005b) this situation can be better understood. It is reported in
MOoNE(2005b) that teacher should guide students to develop their own solution
strategy and encourage students to be creative problem solver and regulated
students’ learning environment. Thus, questioning problem solving can prepare
in-service training for the teachers. By this way, teachers can develop their
pedagogical approaches and inform about implementation. Therefore , this way
can help to improve their problem solving teaching efficiencies pointed at MONE
(2005b).

In this study, contents in basic mathematics course cover lots of
mathematical subjects. A future research will focus on one mathematics content;
for instance, only relation and function concept.

In this study, questioning approach is applied in basic mathematics course,
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another research can construct the application in a different mathematics course.

A retention study should be designed to examine whether student’s
achievement and problem solving performance would change or not after
treatment.

Finally it can be deduced that questioning problem solving does make an
essential differences on achievement, problem solving performance, perceived
task value, control of learning beliefs, use of metacognitive, self regulation and
effort regulation. However, a question leaves unanswered. It is that what long
term advantages this type of instruction could provide. It is hoped that this
question will be searched and a conclusion will be reached by means of further

researhes.
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APPENDIX A

OGRENMEDE GUDUSEL STRATEJILER ANKETI

Degerli Ogrenciler,

Bu anket iki kisimdan olusmaktadir. i1k kisimda matematik dersine kars1
tutumunuzu, motivasyonunuzu, ikinci kisimda ise matematik dersinde
kullandigimiz 6grenme stratejileri ve calisma becerilerini belirlemeye yonelik
ifadeler yer almaktadir. Cevap verirken asagida verilen Glgegi gbz Oniine aliniz.
Eger ifadenin sizi tam olarak yansittigini diisiinliyorsaniz, 7’ yi yuvarlak i¢ine
aliniz Eger ifadenin sizi hi¢ yansitmadigini diigiiniiyorsaniz, 1’ yi yuvarlak i¢ine
almz. Bu iki durum disinda ise 1 ve 7 arasinda sizi en iyi tanimladigini
diisindligiiniiz numaray1 yuvarlak i¢ine aliniz. Unutmaym Dogru ya da Yanhs
cevap yoktur yapmaniz gereken sizi en iyi tanimlayacak numaray1 yuvarlak igine
almanizdir.

1---2--8--4-cB5uf--7
beni hig beni tam olarak
yansitmiyor yansitryor

Liitfen biitiin ifadeleri cevaplandiriniz. Bu ankete verdiginiz biitiin bilgiler gizli
tutulacak ve yalmzca arastirmaci tarafindan kullanilacaktir. Asagida istenen kisisel
bilgileriniz, anketin gilivenilir olmasi i¢in gerekmektedir. Aragtirmaya katkilarinizdan
dolay1 ¢ok tesekkiir ederim.

1
=)
2
=
= =
=4
2 2,
E x
Z =
< =)
> £
= S
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%] %)
e -4
1. Matematik dersinde yeni bilgiler 1 |12 (3 |4 [5 |6 (7

ogrenebilmek i¢in, biiyiik bir ¢aba gerektiren
smif ¢calismalarimi tercih ederim.

2. Eger uygun sekilde caligirsam, matematik |1 (2 (3 [4 |5 |6 |7
dersindeki konular1 6grenebilirim.
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3. Matematik sinavlari sirasinda, diger
arkadaslarima gore sorular1 ne kadar iyi
yanitlayip yanitlayamadigimi diisiiniirim

4. Matematik dersinde 6grendiklerimi bagka
derslerde de kullanabilece§imi diisiiniiyorum.

5. Matematik dersinden ¢ok iyi bir not
alacagimi diisiinliyorum.

6. Matematik dersi ile ilgili okumalarda yer
alan en zor konuyu bile anlayabilecegimden
eminim.

7. Benim i¢in su an matematik dersi ile ilgili
en tatmin edici sey 1yi bir not getirmektir

8. Matematik sinavlar1 sirasinda bir soru
iizerinde ugrasirken, aklim sinavin diger
kisimlarinda yer alan cevaplayamadigim
sorularda olur

9. Matematik dersindeki konular1
O0grenemezsem bu benim hatamdir.

10. Matematik dersindeki konular1 6grenmek
benim i¢in 6nemlidir

11. Genel not ortalamamu yiikseltmek su an
benim i¢in en dnemli seydir, bu nedenle
matematik dersindeki temel amacim iyi bir
not getirmekitir.

12. Matematik dersinde dgretilen temel
kavramlar1 6grenebilecegimden eminim.

13. Eger basarabilirsem, matematik dersinde
smiftaki pek ¢cok 6grenciden daha 1y1 bir not
getirmek isterim

14. Matematik sinavlari sirasinda bu dersten
basarisiz olmanin sonuglarini aklimdan
geciririm

15. Matematik dersinde, 6gretmenin anlattig
en karmasik konuyu anlayabilecegimden
eminim.

16. Matematik derslerinde 6grenmesi zor
olsa bile, bende merak uyandiran siif
caligmalarini tercih ederim.

17. Matematik dersinin kapsaminda yer alan
konular ¢ok ilgimi ¢ekiyor.

18. Yeterince siki ¢alisirsam matematik
dersinde basarili olurum.

19. Matematik sinavlarinda kendimi mutsuz
ve huzursuz hissederim.
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20. Matematik dersinde verilen sinav ve
ddevleri en iyi sekilde yapabilecegimden
eminim.

21. Matematik dersinde ¢ok basarili
olacagimi umuyorum

22. Matematik dersinde beni en ¢ok tatmin
eden sey, konulart miimkiin oldugunca iyi
ogrenmeye caligmaktir.

23. Matematik dersinde 6grendiklerimin
benim i¢in faydali oldugunu diigiiniiyorum.

24. Matematik dersinde, iyi bir not
getirecegimden emin olmasam bile
ogrenmeme olanak saglayacak ddevleri
secerim.

25. Matematik dersinde bir konuyu
anlayamazsam bu yeterince siki
calismadigim i¢indir.

26. Matematik dersindeki konulardan
hosglantyorum.

27. Matematik dersindeki konular1 anlamak
benim i¢in 6nemlidir.

28 .Matematik sinavlarinda kalbimin hizla
attigini hissederim.

29.Matematik dersinde 6gretilen becerileri
iyice 0grenebilecegimden eminim.

30. Matematik dersinde basarili olmak
istiyorum ¢linkii yetenegimi aileme,
arkadaglarima gostermek benim i¢in
onemlidir.

31. Dersin zorlugu, 6gretmen ve benim
becerilerim g6z oniine alindiginda,
matematik dersinde basarili olacagimi
diisiiniiyorum

B. Ogrenme Stratejileri

32. Matematik dersi ile ilgili bir seyler
okurken, diisiincelerimi organize etmek i¢in
konularin ana basliklarini ¢ikaririm.

33. Matematik dersi sirasinda bagka seyler
diisiindiigiim i¢in 6nemli kisimlari siklikla
kagiririm.

34. Matematik dersine ¢alisirken ¢ogu kez
arkadaslarima konular1 a¢iklamaya calisirim

35. Genelde, 6devlerime rahat konsantre
olabilecegim bir yerde caligirim.
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36. Matematik dersi ile ilgili bir seyler
okurken, okuduklarima odaklanabilmek i¢in
sorular olustururum.

37. Matematik dersine ¢alisirken kendimi
¢ogu zaman o kadar isteksiz ya da o kadar
stkilmig hissederim ki, planladiklarimi
tamamlamadan ¢alismaktan vazgegerim.

38. Matematik dersiyle ilgili duyduklarimi ya
da okuduklarimi ne kadar gergekei
olduklarina karar vermek icin siklikla
sorgularim.

39. Matematik dersine galigirken, 6nemli
bilgileri i¢imden defalarca tekrar ederim

40. Matematik dersinde bir konuyu
anlamakta zorluk ¢eksem bile hi¢ kimseden
yardim almaksizin kendi kendime caligirim.

41. Matematik dersi ile ilgili bir seyler
okurken bir konuda kafam karisirsa, basa
doner ve anlamak i¢in ¢caba gosteririm.

42. Matematik dersine calisirken, daha 6nce
okuduklarimi ve aldigim notlar1 gézden
gecirir ve en onemli noktalar1 belirlemeye
caligirim.

43. Matematik dersine ¢alismak i¢in
ayirdigim zamani iyi degerlendirebiliyorum.

44 Eger matematik dersi ile ilgili okumam
gereken konular1 anlamakta zorlaniyorsam,
okuma stratejimi degistiririm.

45. Matematik dersinde verilen 6devleri
tamamlamak i¢in siniftaki diger 6grencilerle
calisirim.

46. Matematik dersine ¢alisirken, dersle ilgili
okumalar1 ve ders sirasinda aldigim notlari
defalarca okurum

47. Ders sirasinda veya ders i¢in okudugum
bir kaynakta bir teori, yorum ya da sonug
ifade edilmis ise, bunlar1 destekleyen bir
bulgunun var olup olmadigini sorgulamaya
caligirim.

48. Matematik dersinde yaptiklarimizdan
hoslanmasam bile basarili olabilmek i¢in sik1
calisirim.

49. Dersle 1lgili konular1 organize etmek i¢in
basit grafik, sema ya da tablolar hazirlarim.
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50. Matematik dersine galigirken konulari
siniftaki arkadaslarimla tartismak i¢in
siklikla zaman ayiririm

51. Matematik dersinde islenen konular1 bir
baslangi¢ noktasi olarak gortir ve ilgili
konular iizerinde kendi fikirlerimi
olusturmaya caligirim.

52. Calisma planina bagl kalmak benim i¢in
zordur.

53. Matematik dersine ¢alisirken, dersten,
okuduklarimdan, sinif i¢i tartismalardan ve
diger kaynaklardan edindigim bilgileri bir
araya getiririm.

54. Yeni bir konuyu detayh bir sekilde
calismaya baslamadan 6nce ¢ogu kez
konunun nasil organize edildigini anlamak
icin ilk olarak konuyu hizlica gozden
geciririm.

55. Matematik dersinde islenen konulari
anladigimdan emin olabilmek i¢in kendi
kendime sorular sorarim.

56. Calisma tarzimi, dersin gereklilikleri ve
ogretmenin 0gretme stiline uygun olacak
tarzda degistirmeye caligirim.

57. Genelde derse gelmeden 6nce konuyla
ilgili bir seyler okurum fakat okuduklarimi
cogunlukla anlamam

58. lyi anlamadigim bir konuyu
ogretmenimden aciklamasini isterim.

59.Matematik dersindeki énemli kavramlari
hatirlamak i¢in anahtar kelimeleri ezberlerim.

60. Eger bir konu zorsa ya ¢alismaktan
vazgecerim ya da yalnizca kolay kisimlarim
caligirim

61. Matematik dersine ¢alisirken, konular1
sadece okuyup ge¢mek yerine ne 6grenmem
gerektigi konusunda diigiinmeye ¢aligirim.

62. Miimkiin oldugunca matematik dersinde
ogrendiklerimle diger derslerde
ogrendiklerim arasinda baglant1 kurmaya
caligirim.

63. Matematik dersine ¢alisirken notlarimi
gozden gecirir ve dnemli kavramlarin bir
listesini ¢ikaririm.
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64. Matematik dersi i¢in bir seyler okurken,
o anda okuduklarimla daha 6nceki bilgilerim
arasinda baglanti kurmaya calisirim.

65. Ders ¢aligmak i¢in devamli kullandigim
bir yer (oda vs.) vardir

66. Matematik dersinde 6grendiklerimle ilgili
ortaya ¢ikan fikirlerimi stirekli olarak gozden
geciremeye caligirim.

67. Matematik dersine ¢alisirken, dersle ilgili
okuduklarimi ve derste aldigim notlar1
inceleyerek onemli noktalarin 6zetini
cikaririm.

68. Matematik dersinde bir konuyu
anlayamazsam siiftaki baska bir 6grenciden
yardim isterim.

69. Matematik dersiyle ilgili konulari, ders
sirasinda 6grendiklerim ve okuduklarim
arasinda baglantilar kurarak anlamaya
caligirim.

70. Matematik derslerinde verilen 6devleri ve
derse ilgili okumalar1 zamaninda yaparim.

71. Matematik dersindeki konularla ilgili bir
iddia ya da varilan bir sonucu her
okudugumda veya duydugumda olasi
alternatifler lizerinde diisliniiriim

72. Matematik dersinde 6nemli kavramlarin
listesini ¢ikarir ve bu listeyi ezberlerim.

73. Matematik derslerini diizenli olarak takip
ederim

74. Konu ¢ok sikici olsa da, ilgimi ¢ekmese
de konuyu bitirene kadar ¢alismaya devam
ederim.

75. Gerektiginde yardim isteyebilecegim
arkadaglarimi belirlemeye ¢aligirim.

76. Matematik dersine ¢aligirken iyi
anlamadi@im kavramlari belirlemeye
caligirim.

77. Bagka faaliyetlerle ugrastigim icin cogu
zaman matematik dersine yeterince zaman
ayrramiyorum

78. Matematik dersine ¢alisirken,
calismalarimi yonlendirebilmek i¢in kendime
hedefler belirlerim.

79. Ders sirasinda not alirken kafam
karisirsa, notlarimi dersten sonra diizenlerim.

146




80. Matematik sinavindan once notlarimi ya
da okuduklarimi gézden gecirmek icin fazla
zaman bulamam.

81. Matematik dersinde, okuduklarimdan
edindigim fikirleri siif i¢i tartigma gibi
cesitli faaliyetlerde kullanmaya ¢aligirim.
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APPENDIX B

MATEMATIKSEL PROBLEM COZME TESTI

Admiz Soyadmniz:
Numaraniz:
Subeniz:

PROBLEM 1:

Bir otobiisiin sabit hizla hareket ederken a saat sonunda deposundaki yakit
miktari

M=75-5a denklemiyle verilmektedir. Depodaki yakit miktar1 10 litrenin altina
diisiince otobiisiin yakit almasi gerekmektedir. Sabit hizla hareket halinde olan bir
otobiisiin en erken kaginci saate yakit almasi gerekmektedir.

Coziim:

PROBLEM 2:

Ciftci Ahmet Bey, hobi olarak c¢iftliginde tavsan beslemektedir. Nisan ay1
boyunca tavsanlarin sayist % 10 artti. Mayis ta 10 yeni tavsan daha oldu ve
Ahmet Bey tavsanlarin {icte birini satti. Haziran boyunca 20 yeni tavsan daha
oldu ve Haziran sonunda tavsanlarin yarisini daha satti. Temmuz ayinda dogan 5
tavsanla tavsanlarin sayist 55 e ulasti. Ahmet Beyin Nisan ayinin basinda aldig:
tavsan sayisi nedir?

Cozim:

PROBLEM 3:

A ilgesinin 6800 olan niifusu her yil ortalama 120 kisi azalmaktadir. B ilgesinin
ise 4200 olan niifusu ortalama yilda 80 kisiyle artis gostermektedir. Kag yil sonra
bu iki il¢enin niifusu ayni olur?

Coziim:
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PROBLEM 4:

Sekildeki ¢ocuklar i¢in yapilmis oyun evinin toplam hacmi
9x® +46x* +59x+6 m* dir. Evin govdesinin eni 2x+4, govde yiiksekligi 4x,
catisinin yliksekligi x+1 ise oyuncak evin verilmeyen boyutunu bulunuz.

Wy
/7 ﬁﬂi X+l
rrs 7

g
H__H

£

4x

2x+4

Cozim:

PROBLEM 5:
Dikdortgen seklindeki bir kartonun koselerinden kenar uzunlugu 2 cm olan

kareler kesilerek iistii acik bir dikdortgen prizma yapilacaktir. Dikddrtgen
seklindeki kartonun kenar uzunluklar1 x ve y olmak iizere Xx+y=15 cm dir .

Dikdértgen prizmanin hacmi 24 cm® ise x ve y nedir.

Coziim:

PROBLEM 6:
Asagidaki ifadelerden yanstyan, simetrik ve gecisme 0zelliklerinden hangilerini
saglar nedenleriyle aciklayiniz.

“ayn1 yasta olmak”
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b

“ayn1 soyadini tagima’
“evli olmak”
“ebeveyn olmak”
“biiyiik olmak”
Coziim:

PROBLEM 7: Diyet iirlinlerinde rastlanabilen aspardam(tatlandiric) sekerden
daha tathdir. 10 cay kasig1 seker, bir ¢ay kasiginin 20 de biri kadar aspardam ile
esdegerdir.

Seker ile aspardam arasindaki iliski bir fonksiyon belirtir mi? Cevabiniz1
savununuz.

Coziim:

PROBLEM 8:

Tabloda bos birakilan yerleri doldurunuz

F(X) G(x) Fog(x)
(x+1) X

X2 x+1 —

--- x-1 1/ x?
Cozim:

PROBLEM 9:

f: [ -1, 100) — IR olsun. Bu aralikta x’in kiipliyle orantili olan bir birebir
fonksiyon yaziniz. Bu fonksiyonun neden birebir oldugunu a¢iklayiniz.
Cozim:
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PROBLEM 10:

Idil in annesi ona dogum giiniinde 12cmx 12 cm x 5 cm ebatlarinda bir dogum
giinii pastas1 hazirladi. Dogum giiniine 10 kisi katilmustir. Idil pastay esit olarak
kestigine gore her bir kigiye ne kadar pasta diiser.

Cozim:

PROBLEM 11:
Bir ¢iftci kare bigcimindeki tarlasina 24 tane agac dikti. 8 ogluna esit t sayida agac
ve esit alanda tarla miras birakmak istiyor. Tarlay1 nasil bolmelidir?

iR
Nl
N
N

i

|
ﬁ
ﬂ

PROBLEM 12: Asagidaki haritada goriildiigii gibi Bolu, Gerede ve Mengen’e
esit uzaklikta olacak bir noktaya havaalani yapilmak istenmektedir. Eger Bolu-
Gerede aras1 50 km, Bolu-Mengen arasi (kus ugumu) 40km ve Gerede-Mengen
arast 30km ise havaalani i¢in en uygun noktay1 bulunuz.
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Mengen

Bolu
Gerede

Coziim:

Problem 13:

Kenar uzunluklar1 8 cm olan kareler sekildeki gibi birinin
kosesi digerinin merkezine gelecek sekilde
yerlestirilmistir. Iki kare arasinda kalan bdlgenin alani
nedir?

Cozim:
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Problem 14:

Sekildeki ABC, DEF ve GHI {iggenlerinin kenarlar1
birbirlerine paralel ve 1 birim uzakliktadir. DEF {i¢geni
ABC ile GHI

Uggenlerinin ortasinda yer almaktadir.

|DF| = 5 birim, |FE|= 6 birim, |ED|= 7

Olduguna gore A(ABC)- A(GHI) nedir?

Coziim:

Problem 15:

“Boyutlar1 6 cm, 8cm ve 12 ¢cm olan dikdortgen prizmasi
seklindeki tahtanin bir kdsesinden yukarida gosterildigi gibi
dikdortgen prizmasi seklindeki kiigiik parga ¢ikartiliyor.
Biiyiik parcanin alani kag¢ santimetre karedir?”

Problemin ¢6ziimii i¢in ne sdyleyebilirsiniz?
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ROBLEM 16:

Bir cep telefonu operatoriiniin 2 farkl tarifesini gosteren tablolar asagida
verilmistir.

1. Tarife

Konugma siiresi (dakika) 1 2 3 n
Ucret (YTL) 0,9 1,8 2,7

2. Tarife

Konugma siiresi (dakika) 0 1 2 3 m
Ucret (YTL) 9 9,3 9,6 9,9

Her giin en az 30 dakika konusan birisi i¢in hangi tarife daha uygundur?

Cozim :

PROBLEM 17: Dikdortgen bigcimindeki bir kiimesin ¢evresi 22 metrelik tel 6rgii
ile ¢evrilmistir. Kiimesin sahibi kiimesin uzunlugu ile kiimesin alani arasinda
nasil bir iligki oldugunu bulmak istiyor. Kiimesin uzunlugu ile kiimenin alani
arasindaki iliski nedir?

v

Kiimesin uzunlugu; L
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APPENDIX C

TEMEL MATEMATIK II BASARI TESTI

Admmz Soyadimz:

Numaranmz:

Subeniz:

SORU 1: Pliiton diinyamiza en uzak gezegendir. Asagidaki tablo Diinyamiz ile
Pliiton ’un agirligmmi ayni birim cinsinden verdigine gore, D’ nin P ye bagh

denklemini yaziniz.

Diinya (D) | 1 2 |3 4 5 10 100

Pliton(P) | 0,04 |0,08|012 |016 |0,20 | 0,40 |4

Cozim:

SORU 2: Sekildeki gibi bir kargo kutusunun hacmi h*®+5h*+6h m® ftiir.
Kutunun yiiksekligi h ve eni h+2 olduguna gére kutunun uzunlugunu bulunuz.

!

h

A R \
N N
Cozim: ht2 \

b A

SORU 3: Asagidaki ifadeyi en sade bigimde yaziniz.
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a*+3 a’b
a*-27 b?

a*+3 a%b+9 ab? az-9 b?

Coziim:

SORU4: (x*- 4)( x*+2x) > 0 esitsizliginin ¢oziim kiimesini bulunuz.
Cozim:

SORU5: A={1,2,3,4,5 }kiimesinde taniml1
= 1{(2.2),(2.3), (3,2), (3,3), (4,4), (5,5),(1,5) }bagintisinin yansima, gegisme,

simetri ve ters simetri Ozelliklerini saglayilp saglamadigini nedenleriyle
aciklaymiz.

Cozim:

SORU 6: B={ (x,y); x,y €IR, y=x* }
p={(xy);xy€IR, y=x*}

bagmtilar birer fonksiyon belirtir mi? Nedenleri ile agiklayiniz.

Coziim:
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SORU 7: fve g R de taniml1 olsun.
f: X y Y=VX—2 g: X y Y =X+l
(gof)(x) bileske fonksiyonunu yazabilir miyiz? Eger yazabilirsek nedenleriyle

aciklayiniz.

Bu fonksiyonun tanim kiimesini ve goriintli kiimesini bulunuz.

Cozim:

SORU 8:  f(x) = -2(x—4)*+2 fonksiyonunun grafigini ¢iziniz.
Coziim:

SORU 9: Bir kenar1 12 cm olan ABCD Karesinin igine, bir kenarinin uzunlugu
diger kenarin 3 kat1 olan sekildeki DEFG dikddrtgeni ¢iziliyor. Sekildeki tarali
bolgelerin alanlar1 toplami nedir?
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SORU 10: Sekilde verilen ABC eskenar iicgeninin BC kenari1 lizerinde,
41BD1=2IDEI = |EC| uzunluklan c¢izilerek FBD, GDE ve HEC eskenar
iicgenleri elde ediliyor. ABC {iggeninin alaninin FDGEHA kapali bdlgesinin
alanina oran1 nedir

A

Cozim:

SORU 11: Sekildeki A, B, C merkezli ¢cemberler ikiser ikiser birbirine tegettir.
Merkezleri B ve C olan ¢emberler birbirlerin es ¢emberlerdir. ABC {i¢geni; A, B
ve C noktalar birlestiginde eskenar tiggen olusturabilmesi i¢in, bilyiik ¢cemberin
yarigapi, kiiciik cemberin yarigapinin kag katidir olmalidir?
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SORU 12. Bir usta, yaricapt 10 cm, yiiksekligi 20 cm olan silindir seklindeki
kiitiglin icinden sekildeki gibi yarigapt 9 cm, yiiksekligi 20 cm olan silindir
seklindeki pargay1 ¢ikartyor. Kalan silindir seklindeki parcanin biitiin yiizeyleri
boyanacagina gore, boyanmasi gereken alan kag santimetre karedir

Coziim:

APPENDIX D
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YARI YAPILANDIRILMIS GORUSME SORULARI

Yar1 yapilandirilmis goriismeler sirasinda yonlendirilenen sorular;

1. Problem ne ile ilgili? Problemde bilinmeyen nedir?

2. Problemi daha 1yi anlamak i¢in nasil bir yol izledin?

3. Problemi ¢6zmek i¢in ne yaptin?

4. Problemi ¢6zmek i¢in bir plan yaptin m1? Nasil bir plan yaptin?

5. Cozlimiin dogrulugundan ve kullandigin stratejinin kullanish oldugunda emin
misin?

6. Problemi ¢6zmek icin baska bir yol bulabilir misin?

7. Problemi ¢6zerken seni ¢ozlime gotiirmeyen bir yol denedin mi? Nasil bu
yolun yanlis olduguna karar verdin?

Yari yapilandirilmis gériismeler sirasinda sorulan problemler;

P1: Murat kiitiiphaneden aldig1 5 6diing kitab1 vermekte gecikiyor. Gecikmis her
kitabin giinliik cezas1 1YTL dir. Murat, birdenbire Astronomi kitabin1 diger dort
roman kitabindan 7 giin Once kiitiphaneden aldigim1 hatirliyor. Murat’in
kiitiiphaneye 0demesi gereken toplam ceza 22 YTL olduguna gore herbir kitap

icin kag glinliik ceza 6deyecegini bulunuz.

P2: Asagidaki tablo normal kosullar altinda ortalama nabiz sayisinin(dakikada)
yaslara gore dagilimmi vermektedir. Ali ve Idil 15 yasinda olduklarina gore,

nabiz sayilari ortalamalart ne olur?

Yas 10 20 30 40 50
Nabiz 152 144 136 128 120
sayi1st

P3.  Arkeologlar bir insanin  uzunlugunu femurun uzunlugundan
belirlemektedirler. Bunun i¢in U = 2,3 F + 61,4 formiiliinii kullanmaktadirlar. Bir
arkeolog 45 cm uzunlugunda bir insan femuru bulmustur. Bu insan 6ldiiglinde

boyu ne kadardi?Bu iliski bir fonksiyon olurmu? Nedenleriyle anlatiniz?
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P4. Bir basketbol liginde 6 takim yer almaktadir. Bunlar; aslanlar, kaplanlar, ¢elik
spor, bogalar, ¢elik govdeler ve giiglii spor takimlaridir. Her takim diger takimla

4 kere mag yapacagina gore, kac oyun diizenlenmelidir?

P5. Asagidaki es kareler I ve II. bolgelerine sekildeki gibi ayrilmistir.
I ve II. bolgeleri yaklasik olarak olarak tiim alanin kagta kagidir?

P6. Polat ailesi yeni bir eve tasinmistir. Aldiklar evin dis kapisi, 2,20 m x 1,20 m
dir. Cap1 2,20 metre olan daire bi¢gimindeki bir aynayi tasinma sirasinda bu

kapidan igeri gecirebilirlermi? Neden?
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APPENDIX E

OBSERVATION CHECKLIST

Sayin Arastirmaci,

[Ikogretim smif Ogretmenligi lisans programi Temel Matematik II dersini
gozlemci olarak bulunmaktasiniz. Deney grubunda problem ¢d6zme metodunun
kullanildig1, kontrol gruplarinda ise geleneksel ders anlatma ydnteminin
kullanildigindan emin olmak i¢in islenen derslerle ilgili olarak asagidaki tabloyu
hem deneysel hem de kontrol gruplari i¢in doldurunuz. Tabloyu doldururken
sorulara vereceginiz ve uygulamanin sinif i¢ersinde nasil yapildigini ifade edecek

b

olan cevabimiz1 “birden yediye kadar 7, derecelendirerek veya “yapilmadi”
seklinde ifade etmeniz gerekmektedir. Liitfen tiim kriterler i¢in cevaplarinizi sag

taraftaki siitunda ilgili segenekten 1 tanesini (X) seklinde isaretleyerek belirtiniz.

Gozlem Listesi

Y apilmadi

Dersin islenisi sirasinda konuyla
1 ilgili problem kagitlar1 6grencilere
dagitild1.

Problemi ¢6zmeleri igin 6grencilere
vakit verildi.

Ogretmen problemi dnce bireysel
3 cozmeleri i¢in 6Zrencilere uyarida
bulundu.

Ogretmen problemi okuyarak
4 anlagilmayan bir yer olup
olmadigimni sordu.

Ogretmen problemde ne istendigini
sordu.

Problemde anlagilmayan noktalar
icin aciklamalar yapildi.
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Ogretmen verilen siire bitiminde
Ogrencilerin  isterlerse  simniftan
herhangi bir ogrenciden,
kendisinden ya da ipucu
kartlarindan yardim alabilecekleri
ile ilgili uyarida bulundu.

Problem ¢Ozme asamasinda,
problemi ¢Ozen ogrencilere
¢ozlimlerinden emin olup
olmadiklarini emin degilseler tekrar
kontrol etmeleri i¢in uyarida
bulundu.

Ogrencilerin ~ problem  ¢dzme
asamasinda smif ortami sessiz ve
sakindi.

10

Ogrencilerin yardim alma siirecinde
smif icinde rahatca dolasmalarina
izin verdi.

11

Ogretmenin ~ hazirladigi  ipucu
kartlar masasini tizerinde
Ogrencilerin rahatca alabilecekleri
sekilde hazirlanmist.

12

Yardim alma siirecinde sonuca
ulasamayan &grencilerin  problem
¢ozme  basamaklarint  yeniden
kontrol etmeleri i¢in uyarida
bulundu.

13

Yardim alma siiresi bittiginde
O0gretmen problem ¢dzme siirecini
bittigini sdyledi.

14

Problemin sinifca tartigilma
asamasinda sO0z isteyen  her
Ogrenciye soz hakk verildi.

15

Problemi farkli stratejiler
kullanilarak ~ ¢dzmiis  Ggrenciler
tahtada problemi ¢ozdii.

16

Farkli ¢6ziim yollari, problem
stratejileri sinifca tartisildi.

17

Ogrenciler kendi ¢oziim yollarini
anlatirken, diger arkadaglari onlar
dinledi.

18

Ogrenciler  birbirlerinin ~ ¢dziim
yollarina saygi gosterdiler.

19

Ogretmen dgrencilere esit davrandi.

20

Ogretmen yonlendirici ve tartisma
agici sekilde davrandi.

21

Ogretmen derse katilimi artirmak
icin dgrencilere ayr1 ayri soru
sordu.
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22

Ogretmen sdz alip konusmak
isteyenlere olanak tanidi.

23

Ogretmen yoklama aldu.

24

Ogrencilerin derse katilimi nasildi?

25

Ogretmen ile 6grencilerin iliskisi
samimiyet ve saygi agisindan
nasildi?

26

Sinifin sicakligi dersin islenmesi
icin uygun muydu?

27

Simiftaki siralarin diizeni, yapisi ve
sayisi1 dersin iglenmesi agisindan
nasildi?

28

Yan smiflardan gelen giiriiltii ve
smifin bulundugu bina ¢evresindeki
ses diizeyi dersin iglenmesi i¢in
uygun muydu?

29

Sinifin aydinlatilmasi ve 151k
miktar1 dersin islenmesi i¢in uygun
mu?

30

Ders giinii siradan normal bir ders
giintinden farkli olarak herhangi
oneme sahip (kurtulus giini,
bayram, senlik vb.) bir glin miiydii?
Bu agidan dersin islenmesi igin
uygun muydu?

31

Dersin islenisi sirasinda tanimlar,
gerekli teoremler Ogretmen
tarafindan tahtaya yazildi.

32

Konu bitimlerinde alistirma sorulart
¢ozildi.

Eklemek

istedikleriniz:
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APPENDIX F

OGRETIM METODUNU DEGERLENDIRME FORMU

Ad Soyad:

Bu form déonem boyunca Temel Matematik I dersi i¢inde uyguladigimiz
problem ¢6zme metoduna iligkin goriislerinizi belirlemek i¢in hazirlanmistir.
Sizin goriisleriniz, bu 6gretim metodunun daha etkili bir sekilde uygulanabilmesi
acisindan olduk¢a 6nemlidir.

Calismaya vereceginiz katkilardan dolay1 ¢ok tesekkiir ederim.

1. Donem boyunca derste ¢oziilen problemler ilgili goriisleriniz nelerdir?

2. Donem boyunca Temel Matematik I dersi i¢inde uygulanan problem
¢ozme metodu ile ilgili goriisleriniz nelerdir? Liitfen detayli bir bicimde

aciklayiniz.
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3. Problem ¢6zme metodunun sizde olumlu etkiler biraktigim
diistinliyormusunuz? Cevabini evet ise metodun olumlu etkilerini deyatl

sekilde aciklayiniz.

4. Problem ¢6zme metodunun islenisi sirasinda olumsuzluklar gézlemlediniz

mi? Liitfen detayli bir bi¢imde agiklayiniz.

Eklemek istedikleriniz:
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APPENDIX G

PROBLEM COZUMUNUN DEGERLENDIRILMESI iCiN BUTUNCUL
DERECELEME OLCEGI

Durumu Aciklayan Maddeler Puan

o

e Tamamen bos birakilmis ya da yalniz veriler yazilmis, ¢6zim
i¢im higbir girigsim yok.

e Yanlis bir yanit var, yapilanlar yanlis bir diisiinme siirecini
isaret ediyor.
Dogru bir stratejinin gostergeleri var ama uygulanmamius. 1

e Hedefe ulasmamis, ne oldugu pek de belli olmayan bazi
matematikel caligmalar var ama bir sonug ortaya koyamamis.

e Dogru yaniti bulmus ama yazdiklarindan yanls bir akil
ylirlitme yapmis oldugu anlasiliyor.

e Dogru stratejiyi bulmus ama uygulayamamus, yeterince 2
ugragsmamis.

e Dogru yanit1 bulmus ama nasil bulduguna iliskin bir gosterge
yok. Yaptiklaria bakarak bir yorum yapilamiyor.

e Dogru stratejiyi bulmus, uygulamis ama hesaplama hatalari 3
ya da kavram yanilgilari nedeniyle dogru yanita ulasamamis.

e Dogru stratejiyi bulmus, uygulamis ama kavram yanilgilari
nedeniyle dogru yanita ulagamamas.

e Dogru stratejiyi bulmus, uygulama sirasinda bazi hatalar
goriilityor, ancak yine de dogru yanita ulagmus.

e Dogru stratejiyi bulmus, dogru uygulamis ama problemi 4
yazarken verilerden birini ya da birkagini yanlis
degerlendirdiginden dogru sonuca ulagamamas.

e Tam ve uygun bir ¢6ziim, dogru bir sonug var. )
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APPENDIX G

PROBLEMS USED IN LESSONS

1. A liginde 6 takim B liginde 5 tane takim varsa ve ligdeki her takim diger

takimla sadece 1 kere maga ¢ikarsa, kag tane mag yapilir?

2. “ ogretmeni olmak”
“anne olmak”
“ Kardes olmak™ bagintilarin1 yansima, simetri ve gecisme 6zelliklerini
saglar m1? Nedenleriyle agiklayimiz.

3: B={ (xy); x,y € IR, x-y= 2k, k bir tam sayidir } bagintis1 verilsin.
Bu bagint1 Z de bir denklik bagintis1 midir?

4: Uggenlerde benzerlik bagmtis1 bir denklik bagimntis1 midir? Agiklayiniz

5. Asagidaki paragrafta tarif edilen cisim nedir?

“Aklimdan tuttugum obje 23 cm yiiksekliginde silindirik sekildedir. Tabanindan
16 cm ye kadar diizgiin yiizeyli ve ¢apt 4 cm dir. 16 cm den 18 cm ye kadar olan
yiksekliginde yarigap1 7 cm olmaktadir. 18 cm ile en yiiksek noktaya arasindaki
yaricap, 7 ¢cm den 4 cm ye azalmaktadir. Bu objenin gdvdesi silindiriktir.
Metaliktir ve cisme dokundugunuzda bazen sicaklik, bazen sogukluk
hissedersiniz.” Bu cisim nedir?

6. Bir top tarafindan firlatilan sirk cambazinin yoriingesi f(x)zx_ixz

fonksiyonunun grafigi ile veriliyor. Top ve gerilmis agin her ikisi de yerden 10
metre yliksekliktedir.

e Cambazin agin ortasina diismesi i¢in topun agzi ile agin orta noktasi
arasindaki uzaklig1 bulunuz.

e (Cambazin yerden en fazla kag metre yiikselebilir?
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Sf(x)

1 UT m
b

7. Mete Bey, bir yunus balig1 ile gosteri yapti. Yunus Egitmeni Mete Beyin verdi
balig1 almak i¢in havuz yiizeyinden kendi boyunun 2 katinin 1 metre fazlasi
kadar sigradi. Mete bey ikinci balig1 ayni sekilde tuttugunda yunus, havuz
yiizeyinden kendi boyu kadar daldi, ardindan 10 m ytikselip balig1 aldi. Mete Bey
in bulundugu tramplenin yiiksekligi degismedigine gore yunusun balig1 havuz
ylizeyinden ka¢ metre yukarida tuttugunu bulunuz.

8. Asagida, bir yayin ucuna bagl kiitleler ile yayin uzunlugunda meydan gelen
degisimler gosterilmistir. Yay ile yaym uzunlugunun arasindaki iligskiyi bulunuz.

Yayin ucuna baglanan 0 1 2 3 4 5 6
kiitle (kg)

Yay uzunlugu (cm) 5 9 13 17 21 25

9. Bir spor kuliibii yillik iiyelik i¢cin 200 YTL almaktadir. Uye olduktan sonra ilk
ay Ucretsiz sonraki aylarda 55 YTL istemektedir. Eger C(x) x ay i¢in 6denen
iicreti gosteriyorsa, x ile C(x) arasindaki iligkiyi gosteriniz. Bu iligki bir
fonksiyon belirtir mi? 12 ay i¢in C(x) in grafigini ¢iziniz.

10. A sehrinde 2005 yilinda aylara gore yagis miktarinin x ay , y ise metrekareye
diisen yagis miktar1 olmak iizere, y= x -12x+ 36 bagmtisina uygun oldugu
goriilmiistiir. Buna gore, 4., 9. ,11., 12. aylarda metrekareye diisen yagis miktari
nedir?

11. Asma kopriiniin kuleleri 800 metre arayla ve yoldan 160 metre yiikselti ile
yapilmistir. Kuleleri baglayan tel, parabol bi¢cimindedir. Kuleden 100 metre
uzaklikta telin yerden yiiksekligi ka¢ metre olur?

12. Bir fabrikada iki ve dorder kisilik sisme bot iiretilmektedir. ki kisilik bir
botun kesimi 0,9 saatte, satisa hazir hale getirilmesi ise 0,8 saat almaktadir. Dort
kisilik bir botun kesimi 1,8 saat ve satisa hazir hale getirilmesi 1,2 saat
siirmektedir. Bu fabrikada 1 ayda bot kesim boliimiinde maksimum 864 saat
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ve satisa hazir hale getirilme boliimiinde 672 saat ¢aligilmaktadir.

Yukaridaki kosullar1 yansitan bir dogrusal esitsizlik sistemini yazarak, ¢oziim
kiimesini bulunuz.

13. 4 tane ardisik tek sayidan biiyiik olan iki tanesinin kareleri toplami, kiigiik
olan sayilarin kareleri toplamindan 34 fazla ise, bu sayilar ne dir?

14. Ali, Arda ve idil bir oyun oynamaktadirlar. Oyunun kurali s6yledir:

“ Her bir turda kaybeden kisi digerlerine kendi kasasindan, onlarin kasalarindaki
para miktar1 kadar 6deme yapacaktir.”

1. turda kaybeden Ali digerlerine 6deme yapmuistir. 2. turda Arda kaybetmistir ve
yine digerlerine aym sekilde 6deme yapmustir. 3. turda Idil kaybetmistir ve
digerlerine yine sekilde 6deme yapmistir. Oyunun sonunda herkes kasasindaki
paralarin1 saymis ve her biri 24 YTL ye sahip olduklarini gérmiistiir. Buna gore
her biri kacar YTL ile oyuna baslamistir.

15. x smuftaki her bir 6grenciyi, Y ise bu 6grencinin T.C. kimlik numarasini
gostermek iizere, x,y sirali ikililerinden olusan fonksiyonun bire bir ve drten

olup olmadigini arastiriniz.

16. Smftaki 6grencilerin kiimesi A ile kan gruplar kiimesi de B ile gosterilsin. A
dan B ye tanimlanan f fonksiyonu, A daki her 6grenciyi B de kendi kan grubuna
eslesin. Bu fonksiyonun bire bir, 6rten ve i¢ine olma 6zellikleri arastiriniz.

17. Amerikali Ekonomistler yabanci sermayeyi yatiriminin, paranin sabit degeri
degistiginde yapilmasi gerektiginde gerektigini savunurlar.
1 Agustos, 2007 de 1 Amerikan dolar1 1,136235 Euro, 1 Euro ise 109,846 Japon
Yenidir. F(x) , Euro alinabilecek x dolarin fonksiyonunu, g(x) de Japon Yeninin
alinabilecek x Euro’yu temsil etsin. Buna gore,

a) Dolarla Euro arasindaki iliskiyi kuran fonksiyonu bulunuz.

b) Japon yeni ile Euro arasindaki iliskiyi kuran fonksiyonu bulunuz.

€) a ve b siklarinda buldugunuz fonksiyonlardan yararlanarak, dolar ile yen

arasindaki iliskiyi bulunuz. (bu iligki g (f(x)) dir.)
d) g(f(1000)) =?
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