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ABSTRACT

THE RELATIONSHIP BETWEEN 6" GRADE STUDENTS’ PROBLEM
SOLVING ACHIEVEMENT AND MATHEMATICS ACHIEVEMENT
SCORES AFTER COMPLETING INSTRUCTION ON PROBLEM SOLVING

Karaoglan, Dilek
M.S., Department of Elementary Science and Mathematics Education

Supervisor: Assist. Prof. Dr. Mine Isiksal

August 2009, 102 pages

The purpose of this study is to examine the relationship between 6™ grade
students’ problem solving achievement scores after completing instruction on
problem solving and their mathematics achievement mean scores related to Least
Common Multiple (LCM), Greatest Common Factor (GCF), Sets and Whole
Numbers topics obtained throughout the semester. In addition, the relationship
between 6™ grade students’ problem solving achievement scores after completing
instruction on problem solving and their actual mathematics net scores obtained
from Level Determination Exam (SBS) was investigated. In total, 170 sixth grade
students from a private school in Istanbul participated in the study. The data were
collected via three sources namely; Problem Solving Achievement Tests (PSATSs),
Mathematics Achievement Tests (MATs) and SBS exam. Quantitative methods
were utilized to examine the research questions and a correlational design was
used. The results of the statistical analysis showed that there was a significant
positive correlation between students’ problem solving achievement scores after
completing instruction on problem solving and their mathematics achievement
mean scores obtained through out the semester related to LCM, GCF, Sets and

Whole Numbers Topics. In addition, the findings of the analysis showed that there

v



was a significant large positive correlation between the problem solving
achievement scores after completing instruction on problem solving and students’

actual mathematics net scores obtained from SBS.

Keywords: Mathematics Education, Problem Solving Achievement, Mathematics

Achievement, Elementary Students, Level Determination Exam (SBS)
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6. SINIF OGRENCILERININ PROBLEM COZMEYE DAYALI ETKINLIKLER

SONRASI PROBLEM COZME BASARILARI ILE MATEMATIK
BASARILARI ARASINDAKI ILISKI

Karaoglan, Dilek
Yiiksek Lisans, [lkdgretim Fen ve Matematik Alanlar1 Egitimi Béliimii

Tez Yoneticisi: Yrd. Dog. Dr. Mine Isiksal

Agustos 2009, 102 sayfa

Bu ¢alismanin amaci 6. siif Ogrencilerinin EBOB-EKOK, kiimeler ve dogal
sayilar konularinda problem ¢6zmeye dayali etkinlikler sonrasi problem ¢ézme
basarilar1 ile matematik basarilar1 arasindaki iligkinin arastirilmasidir. Bu ¢alismada
ayrica Ogrencilerin problem ¢ozme basar1 puanlar1 ile Seviye Belirleme
Smavindaki (SBS) matematik netleri arasindaki iliski de incelenmistir. Caligsma
Istanbul’da  6zel bir okulda 6grenim géren 170 altinci siif Ogrencisi ile
gerceklestirilmistir. Calismanin verileri, Problem ¢6zme basar testleri (PSATS),
Matematik basar1 testleri (MATs) ve SBS sinav sonuglari kullanilarak elde
edilmistir. Arastirma sorularinin incelenmesinde nicel yontemlerden faydalanilmis
ve iliskisel model kullanilmistir. Istatistiksel analiz sonuglari, 6. sinif dgrencilerinin
EBOB-EKOK, kiimeler ve dogal sayilar konularinda problem ¢dzmeye dayali
etkinlikler sonrasi aldiklar1 problem ¢6zme basar1 puanlari ile ortalama matematik
basar1 puanlar1 arasinda anlamli pozitif bir iliski oldugunu gostermistir. Ayrica,
ogrencilerin SBS sinavindaki matematik netleri ile problem ¢6zmeye dayali
etkinlikler sonrasi aldiklar1 problem ¢6zme basari puanlari arasinda da anlaml

pozitif bir iliski bulunmustur.
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Anahtar Sozciikler: Matematik Egitimi, Problem Co6zme Basarisi, Matematik

Basarisi, 1lkdgretim Ogrencileri, Seviye Belirleme Sinavi (SBS)
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CHAPTER 1

INTRODUCTION

“There should be no more conflict between content and pedagogy than between
one’s right foot and left foot. They should work in tandem toward the same end and
avoid tripping each other”

David Klein

There has been a rapid reformist curriculum change wave in education in all
over the world and Klein (2003) states that the main reason underlying the curricular
reforms from the past to present is the struggle between content (what to teach) and
pedagogy (how to teach). He saw content and pedagogy as the right and left foot of
people and the quote above clearly indicates that not only the content but also the
pedagogy is indispensable parts of education.

In Turkey’s attempt to construct a compatible ‘left and right foot’, a
curriculum reform that was not markedly different from what was done in other
countries was accomplished. Bulut (2004) identifies the common points of the new
curriculums as, its student-centered structure which encourages students’ active
participation in the teaching-learning process and its major emphasis to aesthetic and
enjoyable parts of mathematics. Koc, Isiksal and Bulut (2007) stated that the content
of the new curriculum in Turkey is not so different from the old one. However,
unlike the small revisions in the area of content, there are revisions in relation to
pedagogy.

Mathematics is one of the content areas included in curriculum change in
Turkey and the new mathematics curriculum reform began on the basis that “Every
child can learn mathematics” (Ministry of National Education [MoNE], 2005). In

addition to content standards, the new curriculum also gives importance to some
1



process standards. Problem Solving that the theoretical framework of this study is
centered on it is one of these process standards and major changes exist in the new
mathematics curriculum that related to problem solving. The other four process
standards are as follows: reasoning and proof, communication, connections and
representation (NCTM, 2000).

There are various problem definitions in the literature. Hiebert, Carpenter,
Fennema, Fuson, Wearne, Murray, Olivier and Human (1997) defined a problem as a
situation where the students do not have any specific recommended rules or ways of
solution. In addition, students do not perceive there is a particular solution method
for each problem. Furthermore, Grouws (1996) defined the problem as a situation
where there is something to be found or shown and the way to find or show it is not
obviously explained. For a mathematical situation to be a problem; various
knowledge and skills should be utilized together and there should be no routine
solution to the problem. Moreover, the problem should be relevant to students’
experiences and it should be interesting for them. In addition, students should feel the
need of solving it. In such a case, mathematical knowledge and skills gained by
students will be more meaningful for students and transferring this knowledge to
various situations will be easier (MoNE, 2005).

Although there are various problem definitions in the literature (Grouws,
1996; Hiebert et al., 1997) the general consensus is that there is no direct way of
solving a problem and all problem solving performances requires much more than
simple coming back of facts or the use of well-learned procedures (Lester, 1994).
When problem solving is specifically investigated, it is obvious that problem solving
should be a main goal of all mathematics instruction; hence, it should be an essential
component of all mathematical activities (NCTM, 1989). Studying with selected
problems enables students to learn about, and deepen their understanding of
mathematical concepts. These selected problems not only provide students with
opportunities to apply mathematics to their contexts, but are also useful in
developing or deepening students’ understanding of important mathematical ideas
(NCTM, 2000). Thus, teaching through problem solving is of great importance and
problem solving is seen not as an isolated part of the mathematics program but as an

integral part of all mathematics learning (NCTM, 2000). Similarly, Van De Walle
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(2004) sees problem solving as a principle instructional strategy since teaching
through problem solving is one of the best ways of teaching significant mathematics
concepts and procedures.

Moreover, most of the previous studies have emphasized the importance of
teaching through problem solving and researchers have discussed that when students
were provided with suitable teaching and learning environments, there were
statistically significant improvements not only on their problem solving
performances but also on their various mathematical abilities like modeling and their
attitudes towards problem solving (Jitendra, Griffin, Deatline, & Sczesniak, 2007;
Lester, Garofalo & Kroll, 1989; Van Haneghan, Barron, Young, Williams, Vye,
&Bransford 1992; Verschafell, De Corte, Lasure, Vaerenbergh, Bogaerts, &Ratinckx,
1999). In his study, Santos-Trigo (1998) discussed instructional qualities of a
successful mathematical problem solving class based on the analysis of parts from a
mathematical problem solving course. In order to evaluate the potential use of
mathematical problem-solving instruction, the author discusses three issues. The first
issue is the type of learning activities; the second issue is tasks to help students to
engage in mathematical discussion in the classroom, and the last one is type of
evaluation to assess students’ progress in mathematical problem solving.

Some studies also conducted in Turkey on problem solving for both
elementary and secondary schools, and for prospective teachers. Problem solving
behaviors (Altun, 1995), learning and utilization of problem solving strategies
(Arslan & Altun, 2006; Karatas &Giiven, 2004; Okur, 2008; Ozkaya, 2002; Ozsoy,
2007;Yazgan &Bintas, 2005), problem designing and solving activities in the process
of teaching mathematics (Albayrak, Ipek & Isik, 2006; Iskenderoglu, Akbaba &
Olkun, 2004) were examined. These studies showed that training had a positive
effect on students’ learning and utilization of problem solving strategies (Arslan &
Altun, 2007; Karatas &Giiven, 2004; Okur, 2008; Ozkaya, 2002; Ozsoy, 2007;
Yazgan &Bintas, 2005). Furthermore, Altun (1995) examined the problem solving
behaviors of the elementary school students in the 3™ 4™ and 5" grades and
determined what differences are displayed by students who are successful and
unsuccessful in problem solving according to these behaviors. In another study,

Iskenderoglu, Akbaba and Olkun (2004) investigated elementary school students’
3



success in choosing the correct arithmetic operation for different types of standard
word problems. Results of the study showed that students generally used key words
like “and, more, increase, decrease, minus” when they were solving word problems.
Students usually matched the key words with specific operations. In addition,
Albayrak, Ipek and Isik (2006) designed a study that the participants were teachers
and prospective teachers. The researchers found that teachers were inadequate in
their application of problem designing and solving activities in the process of
teaching basic operation skills and prospective teachers had not sufficiently acquired
the skills required to design and solve problems in the process of teaching basic
operation skills.

Mathematics achievement is of great importance in the literature and various
studies performed to increase it. It is also a prominent variable of this study. Many
studies have been conducted to investigate the relationship of various variables with
mathematics achievement (Husen, 1967; Keeves 1976; McKnight, Crasswhite,
Dossey, Kifer, Swafford, Travers, &Cooney, 1987; Schmidt,McKnight & Raizen,
1997). These studies showed that there is a strong positive relationship between
students’ opportunity to learn scores and mean student achievement scores in
mathematics (Husen, 1967; McKnight et al., 1987; Schmidt, McKnight & Raizen,
1997); there is a positive relationship between total time allocated to mathematics
and general mathematics achievement (Keeves 1976) and there is a significant
improvement on students’ achievement and understanding when teachers know about
how students construct knowledge, are acquainted with solution methods that
students use when they solve problems, and utilize this knowledge when planning
and conducting instruction in mathematics (Grouws & Cebulla, 2000).

Regarding mathematics achievement, some studies also conducted in
Turkey. Effects of different teaching methods on mathematics achievement
(Duatepe-Paksu & Ubuz, 2009; Pilli, 2008; Sisman, 2007; Teltik-Baser, 2008; Yildiz,
2008) and effects of teacher and class characteristics on mathematics achievement
(Akytiz, 2006) were examined. Researchers have discussed that different teaching
methods like drama-based instruction and 5E learning model had a significant effect
on students’ mathematics achievement in comparison with traditional teaching

(Duatepe-Paksu & Ubuz, 2009; Teltik-Baser, 2008). Moreover, in her study Akyiiz,
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(2006) found that the classes of male teachers were more successful and teacher
experience, time spent on tests and quizzes, use of textbooks, disciplined class
climate and class mean of home educational resources had positive significant effect
on student achievement.

There were also studies in the literature that investigate the effects of
problem solving approach on achievement in various areas of mathematics and the
relationship among two variables (Ceylan, 2008; Fidan, 2008; Ozsoy, 2007; Yildiz,
2008). Ceylan (2008) investigated the relationship between the scores of the 6" grade
primary school students at daily-life problem solving inventory and their
performance at mathematical problem solving. The results of the study showed that
there is a highly significant correlation between mathematics test scores and the
scores of daily-life problem-solving inventory. Moreover; Fidan (2008) examined the
effect of the teaching through problem posing on students’ problem solving success.
According to the statistical analysis of results, a positive significant difference was
found in favor of experimental group students’ problem solving success. Ozsoy
(2007) is another researcher who found positive significant effect of being thought to
use metacognition strategies on 5™ grade students’ mathematical problem solving
achievement. Lastly; Yildiz (2008) examined the change in 6" grade students’
problem solving abilities and found that instruction based on Polya’s steps
significantly affected students’ problem solving abilities in a positive way.

Nevertheless, while both problem solving and mathematics achievement
have been studied in depth over the years, there have been very few research studies
completed on the possible connection between two in relation with the new
curriculum. The current study aimed to make contribution to problem solving and
mathematics achievement researches in the context of a major elementary

mathematics curriculum change initiated in Turkey in 2004-2005 academic year.

1.1. Purpose of the Study

The purpose of this research study was to investigate the relationship between
6™ grade students’ problem solving achievement scores after completing instruction
on problem solving and their mathematics achievement mean scores related to Least

Common Multiple (LCM), Greatest Common Factor (GCF), Sets and Whole
5



Numbers topics obtained throughout the semester. In addition, the relationship
between 6 grade students’ problem solving achievement scores after completing
instruction on problem solving and their actual mathematics net scores obtained from

SBS exam was investigated.

1.2. Research Questions

The specific research questions addressed in this study were:

1. What is the relationship between 6" grade students’ problem solving
achievement scores after completing instruction on problem solving and
their mathematics achievement mean scores obtained through out the

semester related to LCM, GCF, Sets and Whole Numbers Topics?

2. What is the relationship among 6™ grade students’ problem solving
achievement scores after completing instruction on problem solving and
their actual mathematics net scores obtained from Level Determination

Exam (SBS)?

1.3. Definitions of Important Terms
Problem Solving: refers to engaging in a task for which the solution method is not

obvious (NCTM, 2000).

Classes designed for problem solving: refers to classes where the students were
provided with real-life context mathematical problems and wanted to solve them

according to the Polya’s problem solving steps.

Problem solving achievement score: refers to the scores gained from Problem
Solving Achievement Tests (PSATs). Problem Solving Achievement Tests (PSATs)
included open-ended problems involving scenarios taken from real-life situations
related to Whole Numbers, Sets and Least Common Multiple (LCM) and Greatest
Common Factor (GCF).



Mathematics achievement mean scores: refers to the mean scores gained from
Mathematics Achievement Tests (MATs) related to contents of Whole Numbers,
Sets and Least Common Multiple (LCM) and Greatest Common Factor (GCF).
Mathematics Achievement Tests (MATs) included multiple choice questions having

four choice alternatives.

Actual mathematics net scores obtained from SBS: refers to the net score gained from
mathematics subtest of Level Determination Exam (SBS). Level Determination
Exam (SBS) is a nationwide achievement test included multiple choice questions
having four choice alternatives. Net scores obtained after three wrong answers cancel

one correct answer.

1.4. Significance of the Study

Since problem solving “lies at the heart of doing mathematics” (Lester,
1980, p.29) and mathematics achievement is a prominent variable that many studies
have been done to investigate the effect of various variables on it; there were also
some studies conducted about problem solving and mathematics achievement in
Turkey (Ceylan, 2008; Fidan, 2008; Ozsoy, 2007; Yildiz, 2008). These studies have
showed that problem solving approach have been found to have various effects on
achievement in various areas of mathematics. For instance, instruction based on
Polya’s problem solving steps significantly affected students’ problem solving
abilities in a positive way (Y1ildiz, 2008) and teaching through problem posing had
significant positive effect on students’ problem solving success (Fidan, 2008). In
addition, there were also studies conducted to investigate the relationship between
various variables of problem solving approach and achievement. For instance,
Ceylan (2008) found a highly significant correlation between students’ test scores of
daily-life problem-solving inventory and their performance at mathematical problem
solving.

Nevertheless, while several research studies about problem solving and
mathematics achievement have been conducted in Turkey, there have been very few
research studies completed on the possible connection between two in relation with

the new curriculum. Thus, the current study contributes to the literature in the context
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of the problem solving studies embedded in the new curriculum which investigates
the relationship between students’ problem solving achievement scores that were
assessed by an alternative assessment technique and their mathematics achievement
scores. On the other hand, this study also aimed to investigate the relationship
between students’ problem solving achievement scores and their actual mathematics
achievement net scores obtained from SBS to see the relation among students’
problem solving success with their achievement on a nationwide exam.

Finally; this study includes five chapters. In the first chapter revealed above,
introduction and significance of this study are explained. The second chapter gives
information about the review of relevant literature related to curriculum reform in
elementary education, new elementary mathematics curriculum in Turkey,
theoretical framework and research studies on problem solving and mathematics
achievement. Chapter three is about the research design, population and sample, data
collection instruments, reliability and validity of the study, data collection procedure,
analyses of data, assumptions and limitations, and lastly the internal and external
validity of the study. The results of the statistical analyses and findings are explained
in chapter four. Lastly, chapter five consists of the discussion of the findings and the

recommendations for future research studies.



CHAPTER 2

LITERATURE REVIEW

The purpose of this chapter is to give information about the review of relevant
literature related to curriculum reform in elementary education, new elementary
mathematics curriculum in Turkey, theoretical framework and research studies on

problem solving and mathematics achievement respectively.

2.1. Curriculum Reform in Elementary Education

There have been educational reform movements in all over the world and
Turkey is also attending these reform movements and changing the nature of new
elementary school curriculum. Babadogan and Olkun (2006) claim that the changes
in the content of the elementary school curriculum in Turkey is somewhat similar to
those in the US, UK, Singapore, Ireland and Holland.

Bulut (2004) identifies the common points of the new curriculums in USA,
Canada, Ireland and France as, its student-centered structure which encourages
students’ active participation in the teaching-learning process and its major emphasis
to aesthetic and enjoyable parts of mathematics. Koc, Isiksal and Bulut (2007) stated
that the content of the new curriculum in Turkey is not so different from the old one.
Although there are small revisions in the area of content, immense revisions are
designed in relation to pedagogy.

Ministry of National Education (MoNE) started to implement the recent
curriculum reform in Turkey in 2003. It was piloted in the academic year 2005-2006
through the grades 1-5. Then, with the academic year 2008-2009, all grades (ISt-Sth
grade) in Turkish elementary schools were offered instruction under the light of the

new curriculum. This curriculum reform includes five content areas which are;
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mathematics, science, social science, life science and Turkish. Social, individual,
economical, historical and cultural aspects are the common basic principles that all of
the content areas cover (Koc, Isiksal & Bulut, 2007).

Many factors initiated and promoted the changes made in the curriculum.
Sustainable development of Republic of Turkey and the aim of reaching ideal
international standards of education is the first reference point that triggers
curriculum reforms in Turkey (MoNE, 2003; Koc, Isiksal & Bulut, 2007). Moreover,
Turkish students’ academic performances both in national and international exams,
development of information technology, teaching episodes and connections with
European Union countries motivates the change in the curriculum (MoNE 2003,
Koc, Isiksal & Bulut, 2007).

This chapter gives information about curriculum reform in elementary
education and in the next chapter new elementary mathematics curriculum will be

explained.

2.2. New Elementary Mathematics Curriculum

As previously mentioned, mathematics is one of the content areas included
in curriculum change in Turkey. In this section, I specifically mention about the new
mathematics curriculum in Turkey and make a comparison between the old and new
elementary mathematics curricula.

The new mathematics curriculum reform began on the basis that “Every
child can learn mathematics” and students’ active participation to learning
environments should be encouraged (MoNE, 2005). Interdisciplinary connections
among different subject areas, enriching the learning environment with the use of
instructional technology and other instructional manipulative are other important
characteristics of the new curriculum. Furthermore, starting teaching with concrete
experiences, aiming to provide meaningful learning, providing students with
communication with mathematical knowledge, making connections, considering
motivation of the students’, utilizing instructional technology effectively, enhancing
learning through cooperative learning, organizing the teaching- learning process
according to appropriate steps during the instruction are of great importance in the

application process of the new curriculum (MoNE, 2005, p.18-21). Along with these
10



changes in the new mathematics curriculum, as the skills like estimation and problem
solving gain significance, the importance given to the pencil-paper calculations
decrease (MoNE, 2005).

Ministry of National Education (MoNE) explains the differences between
the new curriculum initiated in 2003 and the previous one as follows. First of all, the
old elementary school mathematics curriculum for the 1% -5 grades includes 1249
behavioral objectives. Textbooks which are based on these objectives are uniform
and this uniform structure is believed to be restricted both the author and the teacher.
However, the new curriculum includes 368 outcomes which also contain skills for
students to develop. Since the structure of the outcomes requires student-centered
teaching activities, both the teacher and the author have the flexibility they need. In
addition, the new curriculum includes learning areas that maintain content standards
as cited by the National Council of Teachers of Mathematics (NCTM) such as the
inclusion of numbers, geometry, measurement, statistics and probability and algebra
and sub-learning areas like fractions and angles.

Secondly, the content of the fourth and seventh grades old mathematics
curriculum was immensely dense and took account of the cumulative structure of the
8 year elementary school curriculum. In the new mathematics curriculum, however,
the math content is evenly distributed through the grades and unnecessary repetitions
of the contents were eliminated. Moreover replacements of outcomes among
different grades in the application process of the new curriculum have taken place in
light of revision studies. For instance, positive and negative numbers, and addition
and subtraction operations with these numbers are firstly taught in 6 grades
according to the new mathematics curriculum developed in 2005 but a decision to
handle these topics in the seventh grade was taken since many research studies
revealed that sixth grade new mathematics curriculum is too dense to be covered in
the intended time (MoNE, 2008). Moreover, unlike the prior mathematics curriculum,
the new one includes examples of applications that emphasize student-centered
teaching methods, techniques and strategies. In the teacher-centered structure of the
old curriculum, the passive transfer of the knowledge from teachers to students
created an environment for rote learning. However, students experience meaningful

leaning in the new curriculum since the outcomes require utilization of activities with
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concrete experiences and exploration. In fact, contrary to the old one, the new
curriculum gives great importance to the usage of materials and manipulative that
can be easily reached (Babadogan & Olkun, 2006).

In addition to these changes explained above, some modifications were
made in the context of the subject areas. Even though many of the old topics took
their place in the new curriculum, the old curriculum lacked a meaningful connection
between the subjects. The synchronous change in the curriculums of other subject
areas enabled curriculum developers to select those overlapping contents through
different subject areas and make connections within the contents in other subject
domains.

Changes were also made to the nature of assessment as part of the
curriculum reform. The comparison of the old and new curriculum reveals that
alternative assessment techniques, extracurricular activities, research studies and
projects are used in the new curriculum to assess students’ performances. Moreover,
the structure of the old curriculum expected all students to exhibit same
performances without paying sufficient attention to individual and environmental
differences. However, the new curriculum gives great importance to individual
abilities and different performances. Activities suitable to various learning
environments are planned to develop students’ skills like independent thinking,
reasoning and decision making. Lastly, more effort is expended in the new
curriculum to enable students to develop positive attitudes towards mathematics. The
active participation of students to learning activities enables them to appreciate the
aesthetic and enjoyable parts of mathematics.

Finally, the new elementary mathematics curriculum has five content
standards: Number and Operations, Algebra, Geometry, Measurement and Data
Analysis and Probability. In addition to these content standards, it also gives
importance to some process standards. Problem Solving is one of these process
standards and it will be discussed in the next section in detail since the theoretical

framework of this study is centered on it.
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2.3. Theoretical Framework of Problem Solving

In this section, theoretical framework of problem solving will be explained.

2.3.1. What is Problem and Problem Solving?

One of the major changes in the new mathematics curriculum is related to
problem solving. There are various problem definitions in the literature. Hiebert et al.
(1997) defined a problem as a situation where the students do not have any specific
recommended rules or ways of solution. In addition, students do not perceive there is
a particular solution method for each problem. Grouws (1996) defined the problem
as a situation where there is something to be found or shown and the way to find or
show it is not obviously explained. Lastly, a problem is explained by Polya (1962) as
the task that needs conscious action in order to reach obviously conceived but not
directly reachable aim.

Although there are various definitions of problem, the general consensus is
that there is no direct way of solving a problem and all problem solving
performances requires much more than simple coming back of facts or the use of
well-learned procedures (Lester, 1994). For a mathematical situation to be a problem;
various knowledge and skills should be utilized together and there should be no
routine solution to the problem. Moreover, the problem should be relevant to
students’ experiences and it should be interesting for the student. In addition,
students should feel the need of solving it. In such a case, mathematical knowledge
and skills gained by students will be more meaningful for students and transferring
this knowledge to various situations will be easier (MoNE, 2005).

National Council of Teachers of Mathematics (NCTM) listed five process
standards in Principles and Standards for School Mathematics in 2000. The process
standards mean mathematical processes though which students attain and use
mathematical knowledge (Van De Walle, 2004). Problem Solving is one of these
process standards and it is explained as engaging in a situation where there is no
direct solution (NCTM, 2000). The other four process standards are as follows:
reasoning and proof, communication, connections and representation (NCTM, 2000).
Reys, Robinson, Sconiers and Mark (1999) report that the aim of the standards is to

make students mathematically literate persons who are able to hypothesize,
13



investigate, reason logically and solve problems by utilizing various mathematical
methods. Along with the new conceptual approach, the Turkish curriculum has the
aim of encouraging students to construct mathematical meaning and do abstractions
by making use of their concrete experiences and intuitions. Furthermore, in addition
to developing mathematical concepts, the curriculum aims to develop some
important skills such as problem solving, communication, reasoning, and connection

(MoNE, 2005, p.8).

2.3.2. Problem Solving and Learning Mathematics

When problem solving is specifically investigated, it is obvious that
problem solving should be a main goal of all mathematics instruction; hence, it
should be an essential component of all mathematical activities (NCTM, 1989).
NCTM underlined the importance of teaching through problem solving in Principles
and Standards for School Mathematics and problem solving is seen not as an isolated
part of the mathematics program but as an integral part of all mathematics learning
(NCTM, 2000). It 1s stated that studying with selected problems enables students to
learn about, and deepen their understanding of mathematical concepts. These
selected problems not only provide students with opportunities to apply mathematics
to their contexts, but are also useful in developing or deepening students’
understanding of important mathematical ideas (NCTM, 2000). In addition, NCTM
(2000) proposed with the problem solving standard that instructional programs from
pre-kinder garden through grade 12 should enable all students to build new
mathematical knowledge through problem solving, solve problems that arise in
mathematics and in other contexts, apply and adapt a variety of appropriate strategies
to solve problems, and monitor and reflect on the process of mathematical problem
solving. Similarly, Van De Walle (2004) stated that the first goal given above,
explains problem solving as a vehicle that helps children to develop mathematical
ideas. He sees problem solving as a principle instructional strategy since teaching
through problem solving is one of the best ways of teaching significant mathematics
concepts and procedures.

In addition to teaching through problem solving, there are situations in

which teachers teach about problem solving. Teaching about problem solving has an
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important restriction since it enables teachers and textbook writers to see problem
solving as a separated unit of curriculum rather than an integral part in which
mathematics is learned and applied (Schroeder & Lester, 1989). Schroeder and
Lester added that there are also situations in mathematics classrooms in which
teachers teach other mathematical content in order to make students solve problems.
Here, the aim of the teaching mathematics is to teach solving problems. Teachers
usually solve an example story problem and then wait for students to solve very
similar problems whose solutions can be acquired by simply following the same
patterns that teacher has already used (Schroeder & Lester, 1989). Van De Walle
(2004) states that teach-then-solve paradigm distinguishes problem solving from the
learning process. Children are used to teachers’ telling them the rules of solving a
problem and as a result, these children are unable to solve problems for which
solution methods have not been provided. If the purpose is to make students
understand mathematics, then understanding can be seen as an outcome of problem
solving process rather than something that can be taught directly (Hiebert et al.,
1997). In other words, learning mathematics is an outcome of solving problems.
Mathematical ideas are results of the problem solving experience rather than
elements that must be taught before problem solving (Hiebert et al., 1997).

Van De Walle (2004) explained the reasons that give great value to teaching
through problem solving. He claimed that problem solving places the focus of the
students’ attention on ideas and sense making, develops the belief in students that
they are capable of doing mathematics and that mathematics makes sense, provides
ongoing assessment data that can be used to make instructional decisions, helps
students succeed, and informs parents, develops mathematical power, and allows an
entry point for a wide range of students. Moreover; problem-based approach engages
students so that there are fewer discipline problems and it is enjoyable. Problem
solving is of great importance in the literature since it is a goal for mental
development, a skill to be taught and a teaching method used in mathematics (Brown,
2003; Giganti, 2004; Jonassen, 2004; Lester, 1980; Manuel, 1998; Martinez, 1998;
Polya, 1953; Schoenfeld, 1989; Willoughby, 1985).

Although the nature of the new mathematics curriculum give great

importance to constructing new mathematical knowledge through problem solving
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(NCTM, 2000); it also “speaks to the need to develop problem solving strategies and
processes, metacognitive habits of monitoring and regulating problem solving
activity and a positive disposition toward mathematical problem solving” (Van De
Walle, 2004, p.37). Hence, if problem solving is the vehicle to teach other
mathematical ideas, than how to use this vehicle should be taught to students.
Charles, Lester and O’Daffer (1987)’s seven goals for teaching problem solving aims
at developing students’ thinking skills, students’ abilities to select and use problem-
solving strategies, helpful attitudes and beliefs about problem solving, students’
abilities to use related knowledge, students’ abilities to monitor and evaluate their
thinking and progress while solving problems, students’ abilities to solve problems in
cooperative learning situation, and at developing students’ abilities to find correct
answers to a variety of types of problems (p.7). Similarly, the new mathematics
curriculum in Turkey aims to encourage students to use problem solving to learn
mathematics, to develop awareness about the contribution of problem solving to
learning, to use problem solving skills in their lives, in other subject areas and in new
situations they meet in mathematics, to carry out the problem solving steps
meaningfully, to construct new problems in addition to solving problems, to feel self-
confidence in problem solving processes, and to have a positive sense and feelings
towards problem solving (MoNE, 2005, p.14).

While teaching through problem solving, however, there are some important
features that should be taken into consideration. First of all, teachers should provide
students with a stress-free learning environment in which they can express what they
understand from the problem easily and determine whether there is more or less
knowledge given to solve the problem. Moreover; students should construct a plan to
solve the problem by themselves. They should become aware that one problem can
be solved with different strategies or more than one strategy can be used to solve a
problem. Thus, they should be taught to value different ways to solve a problem.
Lastly, students should share the solutions and methods of solution with peers and
the teacher (MoNE, 2005).

Polya’s problem solving steps are of great importance in problem solving
literature of mathematics education. Thus, in the next chapter I will explain his

famous steps in detail.
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2.3.3. Polya’s Problem Solving Stages
With his famous book “How to solve it”, Polya (1957) stated four steps to
solve a problem. In addition, he reminds that the order of the steps should be same in

¢

all problem solving activities. The first step is “understanding the problem”. To
understand a problem one has to find the given data and decide on the unknown.
Moreover, whether the given knowledge is sufficient or not to solve the problem
need to be considered. In the second step, “devising a plan”; the problem solver
makes connections between the given data and the unknown. Moreover, a plan is
made to solve the problem and there are strategies used to reach the solution of the
problem.

The word strategies need to be defined to understand the qualities of the
second step thoroughly. Van De Walle (2004) defines strategies as the recognizable
methods of accessing a task that are entirely free from specific topic and content area.
Possamentier and Krulik (1998) states ten major strategies in order to help solving
problems. These are intelligent guessing and testing, finding a pattern, accounting for
all possibilities, making a drawing (visual representation), working backwards,
logical reasoning, solving simpler analogy problems, organizing data, adopting a
different point of view and considering extreme cases.

Each of Possamentier and Krulik’s (1998) strategies can be elaborated.
Intelligent guessing and testing is about organizing the way of guessing in the light
of evaluation results of previous guesses to reach an answer. Finding a pattern, on
the other hand, includes determining a pattern or extending it. A pattern is systematic
and predictable repetition of numeric, visual or behavioral data. Moreover, while
using accounting for all possibilities strategy all options that can be useful for
solving the problem are considered and the problem is solved by eliminating them in
a systematic way. It is obvious that visual representations help us to describe and
follow the problem solving process. Thus, making a drawing strategy which is the
use of drawings to solve a problem enables us to find the solution in an easier way by
the use of visuals. Another strategy is working backwards which makes the problem
solver start with the end results and reverses the steps until s/he reaches the answer of
the problem. In addition, /ogical reasoning is one of these strategies that is, in fact,

formally used in most problem solving processes since it requires logical and
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organized thoughts to produce an answer. Furthermore, solving a simpler analogies
problem is the strategy that enables us to solve the problem by altering it into an
easier one and solving the main problem by utilizing the solution of the simplest one.
Using Organizing data strategy provide us with the advantage of reorganization of
data to reach the solution of the problem in a practical way. When we talk about
another problem solving strategy which is adopting a different point of view, we can
easily say that this strategy does not have an exact methodology like most of the
other ones. In general, you want to reach a target but something prevents you doing
this. By using this strategy, you redefine the problem and try to solve this new one to
reach an answer. The last strategy explained by Possamentier and Krulik (1998) is
considering extreme cases. It is the changing of some variables to extreme cases
while the other variables remain constant. Thinking about extreme cases of the given
situation makes problem solving really easier in some problems.

The third step is “carrying out the plan” in which previously decided plan is
followed to have a solution of the problem and the last step is “looking back and
extend”. This refers to going back to the problem, checking the plan and the result
and then trying to develop an ability to generate another problem.

I explained Polya’s problem solving steps above and now in the next section
I will reveal information about assessment process of problem solving. More

significantly, I will explain alternative assessment in Problem Solving.

2.3.4. Alternative Assessment in Problem Solving

Following the reform of instructional processes, there are also important
changes in assessment practices in the new curriculum since assessment is an
inevitable part of classroom instructions (NCTM, 2000). The purpose of the
assessment and evaluation in teaching and learning processes is to determine
students’ achievement, assign deficiencies, understand efficiency of instructional
strategies, and to pinpoint the strong and weak parts of the curriculum (MoNE, 2005).
The goal of the assessment systems explained by the new curriculum is not only
assessing the product but also the process (MoNE, 2005; Miller and Linn, 2005). In
addition, alternative assessment enables teachers to regulate the instruction according

to results since assessment is an integral part of the instruction.
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McQuade and Champagne (1996) explain that in “alternative” assessments,
students have more to do than simply providing an answer to a question asked by the
instructor and how and what students’ learn are greatly influenced from the way that
students used to demonstrate what they have learned. According to them, a
curriculum planned to provide students with ‘understanding” might not make
students ready for tests of broad general knowledge and vice versa. McQuade and
Champagne added that understanding, critical thinking and creativity should be
fostered by school culture whereas broad general knowledge and factual recall are
emphasized much more by tests. They advised an eclectic approach to assessment
which includes explanations to assess understanding, problems to assess problem
solving, recall questions to assess memorization, investigations to assess inquiry,
voluntary participation to assess motivation, and portfolios to assess habits of mind.

Actually, the new curriculum in Turkey makes use of both traditional and
alternative assessment strategies in the attempt to develop an assessment system. In
addition to standardized and classroom tests, alternative assessment techniques like
portfolios, checklists, projects are included in the new curriculum (Koc, Isiksal &
Bulut, 2007).

Baki and Gokgek (2005), on the other hand, looked at the assessment
change in the new curriculum from a different perspective and they defined
assessment system as norm-referenced in the former curriculum and criterion-based
in the latter one. The shift of emphasis from the product to process fosters giving
importance to not only the skills such as problem solving, reasoning and
communication but also the way these metacognitive processes are assessed (MoNE,
2005). It is obviously apparent that performance-based assessment techniques are
much more successful on following up the students’ progress than the traditional
assessment tools such as paper and pencil tests (Linn and Miller, 2005).

When the assessment of problem solving is specifically analyzed, it is
interesting to see that students tend to do calculations with no interpretations.
However; pure calculations often fail to reveal the adequate nature of problem
solvers’ work and thinking (Szetela & Nicol, 1992). Similarly, Harskamp and Suhre
(2007) mentioned that copying the teacher’s method of solution during exercise may

provide students with success in standard exercises; however, these students have
19



great difficulty in solving non-standard problems. Furthermore, to be more
successful in the assessment of problem solving, methods for providing students with
better communication of thinking should be planned. Problem solving entails
substantial thinking but even students are able, they are not disposed to communicate
their thinking (Szetela & Nicol, 1992). It is obvious that better understanding of
students’ knowledge and thinking enables teachers to instruct more effectively and as
a result, students have a better learning of higher-order skills necessary to be a good
problem solver (Szetela & Nicol, 1992). The reformist philosophy adapted by the
Turkish curriculum developers encourage active construction of students’ own
knowledge by means of thought-provoking processes like problem solving,
exploration, reflection and communication which also require high level cognitions
(Stein et al, 1996).

Charles, Lester and O’Daffer (1994) argue that it is of great importance to
evaluate not only students’ problem solving performances, but also their attitudes
and beliefs about problem solving. They advise the use of some techniques to
evaluate these two significant outcomes. These techniques are observing and
questioning students, using self-assessment data from students, using holistic scoring
techniques and using multiple choice and completion tests. In the first technique,
students can be observed and questioned informally, and recording techniques like
observation checklists can be used or a structured interview can be applied to observe
and question students. In the second technique, student reports and inventories can be
used to collect self-assessment data from students. Furthermore, there are a various
number of holistic scoring techniques that can be used. Analytic scoring which
includes a scale to assign points to specific phases of the processes, focused holistic
scoring which provides us with a numerical score to the total solution of the problem
based on the criteria of special thinking processes or general impression scoring in
which the evaluator uses his/her general impression to rate the total solution are the
various techniques that may be implemented. Lastly, a multiple choice test or a
completion test can be used to evaluate problem solving performances.

Moreover, which evaluation technique is to be used should be based on such
factors as the type of problem solving skill or outcome being measured, the numbers

of students being evaluated, the time available for evaluation, the experience of the
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teacher in teaching and evaluating problem solving, how the teacher intends to use
the results of the evaluation and the availability of evaluation materials (Charles,
Lester & O’Daffer, 1994). In this research study, Problem Solving Achievement
Tests (PSATs) which include open-ended questions were prepared and used to
collect data. Moreover, each of the PSATs was assessed by using a rubric. Thus, the
properties mentioned above were utilized by the researcher during the data collection
process. Details of data collection process will be discussed in the next chapter.
Alternative assessment in problem solving is explained above and now in

the next section the research studies conducted on problem solving will be listed.

2.4. Research Studies on Problem Solving
In this section, recent research studies on problem solving not only in other

countries but also in Turkey will be explained.

2.4.1. Problem Solving Studies in Other Countries

Jitendra, Griffin, Deatline, and Sczesniak (2007) designed two classroom
experiments in Pennsylvania and Florida with 3™ grade students. Firstly, they
investigated the effects of schema-based instruction (SBI) on the acquisition of skills
for solving mathematical word problems. Secondly, they examined the effect of word
problem-solving instruction on the acquisition of computational skills where word
problems play a significant role in the development of number operations. The
former study was applied to two 3"grade classrooms one of which was a low-ability
classroom and the other one was a special education classroom. Results of this study
indicated mean score improvements from pretest to posttest on word problem solving
and computation fluency measures. The latter study was conducted with a
heterogeneous (high-, average-, and low-achieving) sample of 31 graders and results
of the second study also revealed student improvement on the word problem solving
and computation fluency measures. However, the outcomes of study two were not as
positive as those in study one.

Similarly, Verschafell, De Corte, Lasure, Vaerenbergh, Bogaerts, Ratinckx
(1999) conducted a design experiment in which a learning environment for teaching

and learning how to model and solve mathematical application problems was
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developed. The study was applied to 4 classes of 5™ graders and pupils of 7 control
classes pursued the regular mathematics classes. A pretest, posttest and retention test
was applied to both the experimental and control group in order to determine
implementation and effectiveness of the experimental learning environment. Results
of the study showed that the intervention had a positive effect on different aspects of
students’ mathematical modeling and problem solving abilities.

In another study, Van Haneghan et al. (1992) designed an experimental
study in which video technology was used to teach authentic, complex problem
situations in realistic contexts providing opportunities for problem posing, modeling,
self-regulation and interpretation. Participants of the study were 5" grade students
who were classified as above-average. Both the experimental group and the control
group were given three teaching sessions. However, while the experimental group
was studying on the authentic problems, the control group studied on traditional
word problems. Two tests were administered to both groups before and after
instruction. The first one is a traditional word problem solving test and the second
one is a videotape-based test. The results of the study revealed that no differences
were found between both groups on traditional word problem solving test. However,
the experimental group performances were significantly higher than those from the
control group on the videotape-based test.

Furthermore, Cai (2003) investigated Singaporean students’ mathematical
thinking in problem solving and problem posing in an exploratory study. He
explained the purpose of the study as providing some information about Singaporean
students’ mathematical thinking and reasoning, and discussing the findings from a
cross-national comparative perspective to understand why Singaporean students were
successful in international assessments. Participants of the study were 155 4"
graders, 167 5™ graders, and 150 6™ graders from four Singaporean elementary
schools which represented distinct levels according to students’ overall academic
performance. The results of this study showed that most of the students were able to
select appropriate solution strategies to solve the given problems and represent their
solutions clearly in appropriate ways. Moreover, most of them were able to pose
problems beyond the initial figures in the pattern. The results of this study also

revealed that as the grade level increased, a higher percentage of students in that
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grade level showed evidence of providing correct answers. Nevertheless, it is
interesting that there were no statistically significant differences between fifth and
sixth grade students. However, there were significant differences between fourth and
fifth grade students’ performances.

Moreover, Lester, Garofalo and Kroll (1989) designed a teaching
experiment with 7t graders and they investigated the effects of strategy, awareness
and self-regulation training on mathematical problem solving of an instructional
program. In this program students were provided with strategy training in which they
practiced the use of some important heuristics, awareness training in which they
learned to express and reflect on their problem-solving strategies and self-regulation
training in which they learned to monitor their problem solving activities. The
program was applied in a regular level and in an advanced level 7t grade class for 15
hours in 12 weeks. A test including five non-routine application problems was
administered before and after the intervention. Results of the study showed that both
the regular and advance classes acquired a substantial gain in the total score from
pretest to posttest but the progress was not as large as expected. In addition, the
results of clinical interviews express no considerable difference between students’
regulatory activities before and after instruction.

In his study, Santos-Trigo (1998) discussed instructional qualities of a
successful mathematical problem solving class based on the analysis of parts from a
mathematical problem solving course taught at university level. He explained aspects
related to implementation of problem-solving activities in the classrooms. In order to
evaluate the potential use of mathematical problem-solving instruction, the author
discusses three issues. The first issue is the type of learning activities; the second
issue is tasks to help students to engage in mathematical discussion in the classroom,
and the last one is type of evaluation to assess students’ progress in mathematical
problem solving. The course based on problem solving included various problem
solving activities in which participants were provided with tasks including diverse
challenges, discussing the importance of using various strategies, participating in
small and whole group discussions, reflecting on feedback and challenges that
emerge from interactions with the teacher or class-mates, communicating their ideas

in written or oral forms and searching for connections or extensions of the problems.
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The results of the study revealed that students who took the course make significant
progress in the development of their problem solving abilities.

Lastly, Jonassan (2003) designed a research-based instruction for story
problems. The author having studied on story problem-solving instruction articulated
a model for designing learning environments in order to help students learn how to
solve story problems. He explained that in order to solve story problems effectively,
students construct a conceptual model of the problem. It includes structural
relationships between the sets in the problem that define the class of problem,
situational (story) characteristics of the problem context, reconciliation of the
structural and situational characteristics, and processing operations required to solve
the problem based on the structural characteristics. According to him, students must
classify problems and construct conceptual models of problems before using

formulas to solve problems.

2.4.2. Problem Solving Studies in Turkey

Iskenderoglu, Akbaba and Olkun (2004) investigated elementary school
students’ success in choosing the correct arithmetic operation for different types of
standard word problems. First of all, 80 students from 3", 4™ and 5™ grades of an
elementary school located in a mid-low socioeconomic area in Bolu were presented
with 20 problems and 9 of the students (3 of each grade) were selected to be
clinically interviewed according to their solutions of the problems. Results of the
study showed that students generally used key words like “and, more, increase,
decrease, minus” when they were solving word problems. Students usually matched
the key words with specific operations. Furthermore, some students applied wrong
operations since they made a false generalization of matching the operation and key
word. The authors claim that memorization may cause this situation. Interestingly,
students usually chose the correct operation to solve the problems in which no key
words were included in the problem.

In another study, Altun (1995) examined the problem solving behaviors of
the elementary school students in the 3" 4™ and 5™ grades and determined what
differences are displayed by students who are successful and unsuccessful in problem

solving according to these behaviors. Moreover, he also investigated the relationship
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between 3™ to 5™ grade students’ attitudes towards mathematics and their success of
problem solving. A high number of the following behaviors were identified in the 3
4" and 5 grade students: writing what is given and asked, making a drawing related
to the problem, writing operations that will be used in the solution respectively,
doing operations respectively and solving the problem. However, they rarely showed
the following behaviors: guessing the result of the problem, checking the result, and
writing a similar problem. Another result is that students rarely performed behaviors
such as writing a brief summary of the problem and solving the problem in
alternative ways. After determining the frequencies of these behaviors, the researcher
carried out an experimental study and applied treatment on these behaviors which are
critical for problem solving but not performed by students. He found that the
behaviors; writing what is given and asked, writing a brief summary of the problem,
telling which operations will be used in the solution respectively, doing operations
respectively and solving the problem are critical behaviors for 3 grade students and
they are able to learn these behaviors. In addition to these behaviors, making a
drawing related to the problem is critical for 4 grade students and these students can
learn this behavior. Furthermore, solving the problem in alternative ways is critical
for 5™ grade students and they can also learn this behavior. The last result of the
study displays that the relationship between students’ attitudes towards mathematics
and their success of problem solving increases from 3 to 40 grade but it decreases
from 4™ to 5™ grades.

Similarly, Yazgan and Bintas (2005) investigated 4" and 5" grade students’
learning and utilization of problem solving strategies. It was an experimental study
and the participants of the study were chosen from 4™ and 5™ grade students in Bursa.
The researchers worked on specific strategies which are guess and check, looking for
a pattern, making a drawing, working backward, simplifying the problem and
making a systematic list. While students in the control group continued their
traditional courses, these strategies were taught to the experimental group and
students were asked to solve each problem by using these strategies. In addition, a
pretest, posttest and retention test were carried out during the study. The results

showed that 4™ and 5™ grade students can informally use problem solving strategies
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without any training and 4™ and 5™ grade students can learn strategies. Moreover;
training had a positive effect on students’ problem solving success.

In another study, Altun and Arslan (2006) designed an experimental study
in which a learning environment is developed in order to help 7" and 8" grade
students acquire metacognitive strategies to solve nonroutine mathematical problems.
The aim of the study was to investigate which strategies can be learned and at which
level by 7™ and 8" grade students. Specifically, “Simplify the Problems”, “Guess
and Check”, “Look For a Pattern”, “Drawing a Picture”, “Making a Systematic List”
and “Working Backward” strategies were chosen and taught according to Polya’s
problem solving stages. Classroom activities included a short whole-class
introduction, heterogeneous group studies and a final whole-class discussion on the
given problem. The researchers analyzed the results strategy by strategy and
calculated the frequency at which 7" and 8" grade students utilized these strategies
before and after treatment. The results are similar to what Yazgan and Bintas found
in 2005 for 4™ and 5™ grade students. They found that 4™ and 5™ grade students can
informally use problem solving strategies without any training and 4™ and 5™ grade
students can learn strategies. Similarly, 7" and 8" grade students informally use
problem solving strategies without any training and training had a positive effect on
students’ implementation of problem solving strategies. Thus, the authors claim that
problem solving strategies can be learned at these ages.

More recently, Okur (2008) explored students’ strategies, episodes and
metacognitions in the context of PISA 2003 mathematical literacy items. He
investigated the problem solving strategies, episodes and metacognition of five fairly
new Turkish graduates from elementary school and examined the effect of these
factors on success of problem solving. The results of the study reveal that problem
solving behaviors of the students in correspondence to their academic success levels
and the problem solving success is too complex to be explained by a unique property
or a behavior of the problem solver. Since problem solving necessitates different
obstacles to reach a successful answer, the researcher claims that in addition to
prerequisites like adequate mathematical knowledge and experiences with different

problem solving strategies, students should know when and how to use these
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strategies and they could manage their problem solving processes by using their
metacognitive skills.

In her thesis, Ozkaya (2002) investigated tenth grade students' problem
solving strategies in geometry. She examined the effect of gender and cognitive style
on students’ problem solving strategies and the relationship between the attitude
towards problem solving and students’ problem solving strategies. The results
showed that students mostly preferred to use conventional strategies like trial-and-
error or direct calculation in open-ended geometry problems, but they prefer
unconventional strategies like estimation or deriving an equation or procedure
according to the results of the Problem Solving Strategy Preference Scale (PSSPS).
Moreover; results revealed that there is a significant difference in conventional
strategy use favoring boys in geometry tests including open-ended geometry
problems while there is a significant difference favoring girls in PSSPS. Furthermore,
there was a significant relationship between unconventional strategy use in geometry
tests and attitudes towards problem solving while there was no significant
relationship between neither conventional nor unconventional strategy use in PSSPS
and attitudes towards problem solving.

Albayrak, Ipek and Isik (2006) investigated at what level primary teachers
use problem designing and solving activities in the process of teaching basic
operation skills (addition, subtraction, multiplication, division and fractions) and
determined prospective teachers skills in the related topic. The researchers carried
out their investigation on 108 prospective teachers and the teachers working in the
classes the prospective teachers were observing and teaching at. They analyzed their
results in the light of properties defined by Marton (1955). According to Marton
(1955) a good problem must contain the following properties. The first property is
reality which says a problem should fit students’ level and experiences in their daily-
life. The second property is attention which maintains that a problem should trigger
curiosity of students. The third one is /anguage which explains that both written and
verbal expressions of a problem should match with students’ level. The last property
is using basic skills which assert that a problem should enable students to use basic
skills previously acquired. Albayrak, Ipek and Isik (2006) found that teachers were

inadequate in their application of problem designing and solving activities in the
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process of teaching basic operation skills and prospective teachers had not
sufficiently acquired the skills required to design and solve problems in the process
of teaching basic operation skills.

Some studies conducted in our country on problem solving for both
elementary and secondary schools, and for prospective teachers. Problem solving
behaviors (Altun, 1995), learning and utilization of problem solving strategies (Okur,
2008; Arslan & Altun, 2007; Ozsoy, 2007; Karatas &Giiven, 2004; Yazgan &Bintas,
2005; Ozkaya, 2002), problem designing and solving activities in the process of
teaching mathematics (Albayrak, Ipek & Isik, 2006; Iskenderoglu, Akbaba & Olkun,
2004) were examined. However; not many studies have been conducted about the
relationship of problem solving approach explained in the new curriculum and
mathematics achievement. Thus, the current study contributes to the literature in the
context of the problem solving studies embedded in the new curriculum which
investigates the relationship between students’ problem solving achievement scores
that were assessed by an alternative assessment technique and their mathematics

achievement scores.

2.5. Mathematics Achievement

Mathematics achievement is a prominent variable and many studies have
been conducted to investigate the affect of many variables on it. Some studies have
also been conducted to examine the relationship of various variables with
mathematics achievement. In the following paragraphs, some of these studies and
their results will be shared.

First of all, the extent of the students’ opportunity to learn mathematics
content has been found to support their mathematics achievement (Grouws &
Cebulla, 2000). In other words, there is a strong positive relationship between
students’ opportunity to learn, scores and mean student achievement scores in
mathematics (Husen, 1967; McKnight et al, 1987; Schmidt, McKnight & Raizen,
1997). In fact, students’ achievement improve when students are given opportunities
to discover and invent new knowledge and practice what they have learned (Grouws

& Cebulla, 2000).
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Secondly, there is a positive relationship between total time allocated to
mathematics and general mathematics achievement (Keeves 1976). Furthermore;
there are also research studies that indicate a strong relationship between student
achievement and the mathematics courses they attended at secondary school level
(Grouws & Cebulla, 2000). NAEP mathematics reports (1992) illustrate that ‘the
number of advanced mathematics courses taken was the most powerful predictor of
students’ mathematics performance after adjusting for variations in home
background’.

Moreover, research studies support that there is a significant improvement
on students’ achievement and understanding when teachers know about how students
construct knowledge, are acquainted with solution methods that students use when
they solve problems, and utilize this knowledge when planning and conducting
instruction in mathematics (Grouws & Cebulla, 2000). Grouws and Cebulla (2000)
also revealed that when the instruction is given formed around carefully chosen
problems, students were allowed to interact with the problem and they were given
opportunities to share their solution methods, achievement on problem-solving
measures increases. Significantly, in addition to these gains, there is no loss of
achievement in the skills and concepts measured on standardized achievement tests.

Similarly, in Turkey, there are some studies on mathematics achievement.
First of all; effects of different teaching methods on mathematics achievement were
examined (Duatepe-Paksu & Ubuz, 2009; Pilli, 2008; Sisman, 2007; Teltik-Baser,
2008; Yildiz, 2008).

Pilli (2008) investigated the effects of a computer software on 4 grade
student’s mathematics achievement. An experimental study was designed by the
researcher where the control group consisted of 26 students and the experimental
group consisted of 29 students from a primary school in Gazimagusa, North Cyprus.
While the control group was taught using a lecture-based traditional instruction; the
experimental group was taught using educational software, namely Frizbi
Mathematics 4. The study was conducted in 2006-2007 academic year and included
three units, Multiplication of Whole Numbers, Division of Whole Numbers, and
Fractions. The results of the study indicated significant difference between the

groups on the post achievement tests in favor of experimental group.
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In another study, Yildiz (2008) investigated the effect of learning “Rate,
Proportion and Percentage” unit with Project Based Learning (PBL) at 7t grades to
mathematic success and behaviour. This study was implemented with 70 7t grade
students of a primary school in Eminénii district in Istanbul. It was an experimental
study and while the control group was taught classical method, the experimental one
was instructed by Project Based Learning. The results of the study depending on the
findings were summarized by the researcher as fallowing: PBL Approach is more
effective than Classical Approach in students’ success of mathematics and gaining
positive behaviors towards mathematics. Moreover; in the teaching of “Rate,
Proportion and Percentage” unit PBL Approach is more effective than Classical
Approach in gaining target behaviors of the unit and lastly the results showed that the
use of PBL Approach don’t differentiate according to student sex.

Duatepe-Paksu and Ubuz (2009) are other researchers who studied with 7"
grade students and investigated the effect of drama-based instruction on students’
geometry achievement, geometric thinking level, attitudes toward mathematics and
geometry, and retention of achievement, in comparison with traditional teaching. The
sample involved 102 7" grade students from a public school. The results of the study
revealed that drama-based instruction had a significant effect on students’
achievement, retention of achievement, thinking level, and attitudes, regardless of
gender, mathematics grade in previous year, and prior attitudes and thinking levels.
Thus, Drama-based instruction made learning easy and understanding better since
students were provided with the opportunity to contextualize geometric concepts and
problems, act as a character (role playing), and communicate and study in a
collaborative learning environment.

In her thesis, Teltik-Baser (2008) aimed to compare the application of
teaching activities of 5E learning model based on constructivist approach with
traditional teaching methods for teaching of circle and cylinder topics. 52 7t grade
students from a primary school of Kecidren in Ankara participated in the study. It
was an experimental study and while the control group was instructed by traditional
teaching methods, the experimental group was taught by activities planned according
to 5E learning model through 6 weeks. Results of the study revealed positive

significant difference of achievement in favor of experimental group.
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Regarding mathematics achievement; some other studies were also
conducted in Turkey. For instance; Akyiiz (2006) investigated the effects of teacher
and class characteristics on mathematics achievement across Turkey, European
Union countries by analyzing the data collected from student and teacher background
questionnaires and mathematics achievement test in the Third International
Mathematics and Science Study (TIMSS-R). Results of the study showed that the
factors that had significant effect on mathematics achievement were different across
countries and mean of home educational resources was the only factor that had
positive significant effect on students’ mathematics performance in all the countries.
In Turkey, the classes of male teachers were more successful and teacher experience,
time spent on tests and quizzes, use of textbooks, disciplined class climate and class
mean of home educational resources were found to have positive significant effect on
student achievement.

There were also studies in the literature that investigate the effects of
problem solving approach on achievement in various areas of mathematics and the
relationship among two variables (Ceylan, 2008; Fidan, 2008; Ozsoy, 2007; Yildiz,
2008).

Ceylan (2008) investigated the relationship between the scores of the 6™
grade primary school students at daily-life problem solving inventory and their
performance at mathematical problem solving. The study was carried out in four
different schools in Kec¢ioren, Cankaya and Yenimahalle districts of Ankara. Two of
the schools were state-owned while the other two were private schools. It was a
correlational study and 209 students participated in the study. Two tests were utilized
during the data collection. One of these tests was Problem Solving Achievement Test
which includes 30 multiple-choice questions and developed by the researcher. The
second one is the inventory developed by Heppner and Petersen (1982). The results
of the study showed that there is a highly significant correlation between
mathematics test scores and the scores of daily-life problem-solving inventory.

Ozsoy (2007) is another researcher who studied with 5t grade students and
investigated the effect of being thought to use metacognition strategies on 5™ grade
students’ mathematical problem solving achievement. A pretest-posttest control

group experimental study design was used in the study in which experimental group
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group was taught by metacognitive problem solving activities for nine weeks to
improve their metacognitive knowledge and the control group continued to their
current lessons. The results of the study indicated that students in the experimental
group significantly improved in both problem solving achievement and
metacognitive skills, and this improvement was more than the control group’s either
problem solving achievement or metacognitive skills. Moreover, “devising a plan”
scores of problem solving achievement increased more than the other subcategories
of problem solving process for the experimental group. The students in the control
group did not show any improvement significantly.

Moreover, Fidan (2008) investigated the effect of the teaching through
problem posing on students’ problem solving success. In addition, she examined the
effect of problem posing studies on students’ success in Polya’s problem solving
steps. The researcher designed an experimental study and 48 5™ grade students from
an elementary school in Emirdag district of Afyon participated in the study.
According to the statistical analysis of results, a positive significant difference was
found in favor of experimental group students’ problem solving success. However;
the results revealed that there was no significant difference among experimental and
control group results according to Polya’s problem solving steps.

In another study, Yildiz (2008) investigated the change in 6" grade students’
problem solving abilities after mathematics instruction based on Polya’s problem
solving steps. It was a weak experimental study since there was no control group. 53
students from an elementary school in Istanbul participated in the study. These
students were instructed according to Polya’s problem solving steps and the
researcher found that instruction based on Polya’s steps significantly affected
students’ problem solving abilities in a positive way.

Some studies which investigated the effects of problem solving approach on
achievement in various areas of mathematics and the relationship among two
variables (Ceylan, 2008; Fidan, 2008; Ozsoy, 2007; Yildiz, 2008) were mentioned
above. However, while both problem solving and mathematics achievement have
been studied in depth over the years, there have been very few research studies
completed on the possible connection between two in relation with the new

curriculum. Thus, the current study contributes to the literature in the context of the
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problem solving studies embedded in the new curriculum which investigates the
relationship between students’ problem solving achievement scores that were
assessed by an alternative assessment technique and their mathematics achievement
scores. In addition, this study also aimed to investigate the relationship between
students’ problem solving achievement scores and their actual mathematics
achievement net scores obtained from SBS to see the relation among students’
problem solving success with their achievement on a nationwide exam. On the other
hand, one of the aims of investigating the relationship between students’ problem
solving achievement scores and their actual mathematics achievement net scores
obtained from SBS was to see the retention of problem solving achievement scores.
Next section will give detailed information about the nature of the

nationwide exam (SBS) mentioned above.

2.5.1. Level Determination Exams (SBS)

In Turkey, although the names and structures of exams display differences,
a national exam has been applied at the end of the elementary school to select and
place students to secondary education institutions. OKS is one of these national level
determination exams that was last applied in 2008. OKS is a two-hour multiple
choice exam that is administered at the end of the academic year to gt grade students.
In October 2007, Turkish Ministry of Education declared that OKS would be
replaced by three Level Determination Exams (SBS) rather than the one shot OKS
which would be applied at the end of 6™, 7™ and 8" grades. The most significant
reason for the change was announced as to keep step with the curriculum reforms
being applied since 2003. It was explained that the new perspective of the curriculum
requires the assessment of learning processes; however, only the products had been
assessed by OKS (MoNE, 2007). In addition, OKS is a selection exam but it is
announced that the aim of SBS is not selecting and ranking students; it would be an
exam that would be used to determine the level at which students had achieved the
objectives of that years’ curriculum (MoNE, 2007).

Other reasons have also been reported explaining the reason for the change
from OKS to SBS. For instance, OKS is defined as a one-session exam that does not

enable students to have any alternatives. If this two-hour exam finishes successfully,
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the students have the chance to go a better secondary school. If it does not, there is
no alternative. Unlike LGS (the national student selection and placement exam for
secondary schools applied before OKS) and SBS; OKS is an exam in which students
are selected and placed in a secondary school only according to the score they get
from the exam. In LGS; students’ weighted average points taken from 4 grade to 70
grade partially affected the total score taken from the exam but in OKS this situation
did not continue. This situation is believed to make both students and parents see the
exam as their only target and cause anxiety, stress and tension on them (MoNE,
2007). The three level structures of the SBS are supposed to prevent parents and
students from these negative sensations. Moreover, it is claimed that SBS will trigger
the system to focus on school education instead of the exam (MoNE, 2007). Ministry
of Education makes such a comment because not only the score taken from the SBS-
exam, but also the academic achievement and behaviors of students at school affect
the total score of that year’s SBS (MoNE, 2007). In addition, students usually go to
Test Preparation Centers (dersane) which are private education institutions that
provide students with courses and lots of multiple choice questions to prepare them
for the national exams like OKS. Since their only target is generally to obtain a high
score from the OKS exam, students give more importance to studies and instruction
offered at these centers. However, with the properties mentioned above it is expected
that the structure of SBS will reduce the importance of out-of school institutions like
test preparation centers and students will pay more attention to school lessons and the
grades they obtain from school exams (MoNE, 2007). Another difference among
OKS and SBS is that OKS contains only questions from 4 subject areas which are
Turkish, Mathematics, Science and Social Science. However, SBS includes questions
from foreign language lessons in addition to questions to the mentioned four content
areas.

The nature of the SBS is explained above. Moreover; this chapter presented
the related literature about problem solving and mathematics achievement. In the

next chapter, the methodology of the study is briefly described.
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CHAPTER 3

METHODOLOGY

The goal of this chapter is to give information about the research design,
population and sample, data collection instruments, reliability and validity of the
study, data collection procedure, analyses of data, assumptions and limitations, and

lastly the internal and external validity of the study.

3.1. Design of the Study

The purpose of this research study was to investigate the relationship between
6" grade students’ problem solving achievement scores after completing instruction
on problem solving and their mathematics achievement mean scores related to LCM,
GCEF, Sets and Whole Numbers topics obtained throughout the semester. In addition,
the relationship between 6" grade students’ problem solving achievement scores
after completing instruction on problem solving and their actual mathematics net
scores obtained from SBS exam was investigated. In this research design, variables
that are 6" grade students’ problem solving achievement scores after completing
instruction on problem solving, their mathematics achievement mean scores obtained
throughout the semester related to LCM, GCF, Sets and Whole Numbers topics, and
their actual mathematics net scores obtained from SBS exam were studied without
any attempt to influence them (Fraenkel & Wallen, 2006). Thus, quantitative
methods were used to examine the research questions and a correlational design was
used. In correlational research there is no manipulation of variables. A correlation is
believed to exist between two variables, if the scores within a particular range on one
variable are associated with scores within a particular range on another variable

(Fraenkel & Wallen, 2006).
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3.2. Population and Sample

In this study, all 6" grade private school students taking the SBS exam at the
end of the academic year in Turkey were identified as the target population. The
accessible population of this study was determined as all 6" grade private school
students taking the SBS exam at the end of the academic year in Istanbul.
Convenience sampling method was used to obtain the sample of the population who
are 6" grade students of a private school in Istanbul. Since the purpose of the
research study was to investigate the relationship among 6 grade students’ problem
solving achievement scores with their mathematics achievement mean scores and
their actual mathematics scores obtained from SBS, the attendance of participants to
all Problem Solving Achievement Tests (PSATs), all Mathematics Achievement
Tests (MATs) and the SBS exam were needed. Thus, the students who did not attend
at least one of these tests were eliminated from the sample. As a result; 170 out of
256 6 grade students in this private school constituted the participants of this study.
In other words; 66 % of the sixth grade students of this private school participated in
the study.

Target Population
All sixth grade private school students taking the SBS
exam in Turkey

/ Accesible Population

All sixth grade private school students

taking the SBS exam in Istanbul 66 % of the sixth
grade students of
this school

Convenient Sample rticipated in thi
170 out of 256 sixth grade | participated In this

students of a private school study since the
in Tstanbul attendance of

students to all
PSATSs, all MATs

\ / and the SBS exam
was a requirement.

Figure 3.1 Sampling Procedure of the Study

v
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Moreover, the gender distribution of sample shows that the sample includes 87
male (51 %) and 83 female (49 %) sixth grade students. As can be seen there was an
almost equal distribution between male and female participants in the study.

Table 3.1 given below also shows gender distributions of all students of each
class and the number of students who did not participate in the study because he/she
did not attend at least one of the PSATs or MATs. No elimination needed to be done
according to students’ attendance of SBS exam because all of the students attended
SBS exam at the end of the year. As can be seen from the Table 3.1, 86 students who
did not participate in the study were from different classes. Thus, we could conclude
that students who participated in the study represent the whole 6™ graders in this

private school. The subjects were lost from not only one class, but all classes.

Table 3.1 Distributions of Students from Each Class in terms of Gender

Class Total Number of  Total Number of  Number of students not
Boys Girls participating in the study
6A 16 6 5
6B 10 13 6
6C 9 14 6
6D 16 7 10
6E 10 9
oF 8 9
6G 9 8
6H 19 5 10
ol 12 10 10
6J 11 12 6
6K 5 16
6L 16 6 7
Total 141 115 86

Additionally, the school where the participants of this study were selected is a
private school. Thus, socio-economic status of families of the participants can be
rated as very high. As it is mentioned before, 170 out of 256 6™ grade students in
this private school participated in the study where 201 of them were students of the
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same school from 5™ grade and 55 of them started the school at the beginning of the

6" grade having performed successfully in the exam applied by the school.

3.3. Instruments

As mentioned above, the purpose of this study was to investigate the
relationship between 6" grade students’ problem solving achievement scores having
attended classes designed for problem solving and their mathematics achievement
mean scores obtained throughout the semester related to LCM, GCF, Sets and Whole
Numbers Topics. Furthermore, the relationship between 6™ grade students’ Problem
Solving Achievement Scores and their actual SBS scores was investigated. Thus, the
data were collected via three sources namely; Problem Solving Achievement Tests

(PSATSs), Mathematics Achievement Tests (MATs) and SBS exam.

3.3.1. Problem Solving Achievement Tests (PSATsSs)

Problem Solving Achievement Tests (PSATs) were used to measure problem
solving achievement scores of 6" grade students after completing instruction on
problem solving in the contents of Whole Numbers, Sets and Least Common
Multiple (LCM) and Greatest Common Factor (GCF). These contents were chosen
for study because they were the first three subjects that 6" grade students were taught
through problem solving according to the yearly plan. Three Problem Solving
Achievement Tests (PSATs) were prepared by four mathematics teachers working in
the private school who were teaching 6™ graders during the 2007-2008 academic
year and with an expert from the assessment and evaluation unit of the same school.
The same group of people where one of the mathematics teachers is the researcher of
the study designed the class activities for problem solving in the topics of Whole
Numbers, Sets and LCM and GCF in their routine meetings held twice a week. The
classes were prepared in the light of Polya’s problem solving steps. Students were
provided with mathematical problems involving scenarios taken from real-life
situations during the lessons and they were expected to solve the problems according
to Polya’s problem solving steps. All of the PSATs were implemented just after
completing instruction on problem solving. Details of problem solving classes will

be discussed in the data collection section but it is important to mention that PSAT-1
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was implemented after problem solving classes related to Whole Numbers; PSAT-2
was applied after problem solving classes related to Sets and PSAT-3 was carried out
after problem solving classes related to LCM and GCF. Students were provided with
open-ended real life problems in PSATs and they were expected to solve the
problems according to Polya’s problem solving steps. Details of the PSATs are

explained below.

3.3.1.1. Problem Solving Achievement Test-1 (PSAT-1)

PSAT-1 was the test prepared for measuring students’ problem solving
achievement scores after completing instruction on problem solving related to Whole
Numbers. PSAT-1 includes 4 real-life context problems and students were expected
to solve these problems according to Polya’s problem solving steps. Figure 3.2

illustrates one of the problems from this test.

Problem: Yandaki sekilde Mert’lerin kapisindaki

merdivenin ilk 3 basamagi goriiliiyor. Bu merdiven 9

basamakli olduguna goére; merdivenin yapiminda

toplam kac tugla kullanilmistir?

<> Problemi Anlayalim
<> Plan Yapalim

<> Plan1 Uygulayalim
<> Kontrol Edelim

Figure 3.2 An Example Problem from PSAT-1

Students are expected to use finding a pattern and making drawing strategies to
solve the problem given in Figure 3.2. While preparing the problems, it was taken
into consideration that each problem could be solved by using different problem

solving strategies or a combination of them.
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3.3.1.2. Problem Solving Achievement Test-2 (PSAT-2)

PSAT-2 was the test prepared for measuring students’ problem solving
achievement scores after completing instruction on problem solving related to Sets.
PSAT-2 includes two real-life context problems and students were expected to solve
these problems according to Polya’s problem solving steps. Figure 3.3 illustrates one

of the problems from this test.

Problem: Arzu; 28 kisilik sinifinda evcil hayvanlar ile
ilgili bir anket uygular. Anketin sonuglarina
gore; bu simifta kopek veya balik disinda
beslenen evcil hayvan yoktur. Evinde kopek

besleyen 9 kisi, hem kdpek hem balik besleyen

6 kisi vardir. Evinde hi¢ hayvan beslemeyen

10 kisi olduguna gore, bu smifta evinde sadece balik besleyen kag¢ kisi

bulunmaktadir?
<> Problemi Anlayalim
<> Plan Yapalim
<> Plan1 Uygulayalim
<> Kontrol Edelim

Figure 3.3 An Example Problem from PSAT-2

Students are expected to use visual representations (Venn Diagrams) to solve
the problems in PSAT-2. Thus, they are expected to use Making a drawing strategy

in order to devise a plan as part of finding the solution.

3.3.1.3. Problem Solving Achievement Test-3 (PSAT-3)
PSAT-3 was the test prepared for measuring students Problem Solving
Achievement Scores after they had attended classes designed for problem solving

related to Least Common Multiple (LCM) and Greatest Common Factor (GCF).
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PSAT-3 includes four problems and like in PSAT-1 and PSAT-2, students were
asked to solve the problems in PSAT-3 according to Polya’s problem solving steps.

Figure 3.4 illustrates one of the problems of this test.

Problem: Dikdortgen seklindeki bir havuzun tabaninin
kenar uzunluklar1 6m ve 8m’dir. Havuzun tabani

mumkiun olan en biyviikk Kkare seklindeki taslarla

dosenecektir. Havuzun tabanini désemek i¢in kag tane

tas gereklidir?

<> Problemi Anlayalim
<> Plan Yapalim

<> Plan1 Uygulayalim
<> Kontrol Edelim

Figure 3.4 An Example Problem from PSAT-3

Students are expected to use making a drawing and logical reasoning strategies
to solve the problem given in figure 3.4. Moreover; as part of the devising a plan part
of the solution they are expected to decide whether they would use LCM or GCF to
solve the problem or not.

Each of the PSATs was assessed by using a rubric developed by four
mathematics teachers and an expert from the assessment and evaluation unit of the
school. Students’ problem solving achievement scores are the mean score of the
scores obtained from PSAT-1, PSAT-2 and PSAT-3.

The assessment process of each PSAT contains two parts. In the first part, four
teachers randomly take 1 exam paper from each class (totally 12 papers) and assess
these papers together just after the application of each PSAT. PSAT-1 and PSAT-3
which contain 4 problems were assessed out of 100. PSAT-2 contained 2 problems;
as a result, each problem was scored over a grade of 50. In the second part, the rest of

the papers were assessed by the teacher of the class based on the rubric prepared by
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the teachers. However, if a teacher met with an exceptional situation that could not
be related to the answer sheet, she did not assess it herself. Instead, it was discussed
by the other teachers and scored upon collaborative consensus. Furthermore, not only
the total scores, but also the partial scores obtained from the problem solving steps of
each student were recorded according to the rubric given in Appendix A. The partial

score distribution of each problem of PSATs is illustrated in table 3.2 given below.

Table 3.2 The Partial Score Distribution of Each Problem in PSATSs

Problem Solving Steps Score
Understanding the problem 6
Devising a plan 2
Carrying out the plan 15
Looking Back (Checking) 2
Total 25

Thus, the total point gained from each PSAT is the sum of the partial points
taken from the problem solving steps of each problem and as it is mentioned before,
students’ problem solving achievement scores are the mean score of the scores
obtained from PSAT-1, PSAT-2 and PSAT-3. All of these data were recorded on the
rubric prepared on an excel sheet.

Additionally, some formulas were defined on the excel sheet to convert
students’ partial scores taken from each problem solving step to scores 0, 1 and 2.
This process was repeated just after all problem solving instructions based on the
topics Whole Numbers, Sets and LCM, GCF respectively. The main purpose of this
conversion is to determine the cognitive differences occur from the beginning of the
instruction to the end of it based on problem solving steps. Thus, teachers could
easily follow not only individual cognitive differences but also whole class’ or whole
participants’ cognitive differences by utilizing the rubric and also graphs generated
from these data. For instance, the graph given in chapter 4.1.1 illustrates the
cognitive differences process of whole participants based on problem solving steps

on different topics.
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3.3.2. Mathematics Achievement Tests (MATsSs)

Achievement tests are used to measure the knowledge or skills of a particular
person in a specific content area where schools usually use these tests to measure
students’ learning and determine the effectiveness of instruction (Fraenkel & Wallen,
2006). Mathematics Achievement Tests (MATs) used in this study were the
mathematics part of the specific general achievement tests applied in a private school
where the study was carried out.

In the 2007-2008 academic year, 8 general achievement tests were applied in
this school. Each general achievement test contains four main content areas namely;
Turkish Achievement Test (TAT), Mathematics Achievement Test (MAT), Social
Science Achievement Test (SSAT), and Science Achievement Test (SAT). Moreover,
each area consists of multiple choice questions each with four choice alternatives.
These tests were prepared by the content area teachers and specialists from the
assessment and evaluation unit of the school. Table 3.3 illustrates the number of

questions in each area of the general achievement test.

Table 3.3 The Number of Questions in Each Area of the Achievement Tests

Achievement Tests The number of questions
Turkish Achievement Test 19
Mathematics Achievement Test 16
Social Science Achievement Test 16
Science Achievement Test 16

In this study, Mathematics Achievement Tests (MATSs) were used to measure
6" grade students’ mathematics achievement mean scores obtained throughout the
semester related to the Whole Numbers, Sets, LCM, and GCF units. The PSATs that
were mentioned above included open-ended real-life context problems and students
were expected to solve these problems according to Polya’s problem solving steps.
However, MATs consisted of multiple choice questions having four choice
alternatives. The aim of the application of MATs is to determine students’
achievement on Whole Numbers, Sets, LCM, and GCF unit problems with a multiple

choice exam. Furthermore, they were applied to see whether the students who are
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successful in open-ended tests like PSATs would be successful in multiple choice
exams like MATs. Like PSATs, MATs are also prepared by four mathematics
teachers and a specialist from the assessment and evaluation part of the school.

As indicated in Table 3.3 MATSs consist of 16 questions. Eight MATs were
applied throughout the semester and these tests include questions from all the
mathematics topics that students learned until that achievement test. Thus, not all of
the MATSs consist of questions from all the contents involving Whole Numbers, Sets,
LCM and GCF. Students were taught Whole Numbers, Sets, LCM and GCF
respectively according to the yearly plan. Thus, the previous MATs did not include
questions from the following content areas. Table 3.4 shows both the application date
of MATs and the number of questions that each MATs include related to Whole
Numbers, Sets, LCM, and GCF units. Figure 3.5, on the other hand, illustrates some
example questions of MATS related to Whole Numbers, Sets, LCM, and GCF units.

Table 3.4 The Number of Questions MATs Include

Total # of
# of Questions in Specific ~ Questions
Application  Test Total # of Content Areas relqted to
Data Name Questions topics Whole
Whole Set LCM  Numbers,
Numbers S &GCF Sets, LCM
and GCF
02.11.2007 MAT-1 16 5 2 - 7
03.12.2007 MAT-2 16 2 1 - 3
26122007 MAT-3 16 2 - 4
21012008 MAT-4 16 I - 2
03.03.2008 MAT-5 16 1 1 - 2
03.04.2008 MAT-6 16 1 - 1 2
05.05.2008 MAT-7 16 - - 1 1
04.06.2008 MAT-8 16 - 1 - 1
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1) Meltem Hanim, marketten ton balig1 alacaktir. Ton baliklar1 asagidaki gibi
farkli seceneklerde satisa sunulmustur. Meltem Hanim hangi secenegi tercih

ederse en ucuz ton bahigim almis olur?

P < a < a
@ B) 2x50gr
100 gr

A
) 6 YTL
4YTL

- &S
0) @“ W D) @5‘ Aa‘

3x50gr 4 x50 gr
6 YTL 6 YTL

2) Bir ciftci, ciftlikten aldig1 bir sepet yumurta ile yiiriirken, yolda bir adam ona

carpar ve tim yumurtalar: kirilir.

Cok 6zur dilerim!

Kac tane yumurta
kirildiysa, hepsinin
parasini vereyim, lutfen!

Ben yumurtalari,

hi¢c artmayacak sekilde
6'li, 10'lu ve 12'li
paketlere koyabiliyordum.

Tam sayisini
hatirlamiyorum
ama yumurta sayisi

150 ile 200
arasindaydi.
Buna gore sepette ka¢c yamurta vardi1?
A) 60 B) 172 C) 180 D) 190

Figure 3.5 Example Problems from MATSs
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3) Bir takimdaki futbolcularin 13" Ingilizce, 15'i Almanca, 8'1 her iki dili de
bilmektedir. Bu futbolculardan 2'si iki dili de bilmedigine gore, asagidaki

gosterimlerden hangisi dogrudur?

A) B)

0 D)

Figure 3.5 (continued) Example Problems from MATs

As mentioned before, Mathematics Achievement Tests (MATs) were used to
measure 6" grade students’ mathematics achievement mean scores obtained
throughout the semester related to the Whole Numbers, Sets, LCM, and GCF units.
The assessment process of each MATSs contains two parts. In the first part, each of
the MATs was assessed by using an optical reader since they consisted of multiple
choice questions each following with four choice alternatives. In the second part,
each student’s achievement percentage of each topic was determined for each test.
For example, MAT-1 contains 5 questions related to Whole Numbers and 2 questions
related to Sets. If student A answered 4 of the 5 questions related to Whole Numbers
correctly, his/her achievement was accepted to be 80 % for Whole Numbers and if
he/ she answered all of the questions related to Sets correctly, his/her achievement
was accepted as 100 % for Sets. This process was completed for each MATs and at
the end of the application of 8 MATSs throughout the semester, achievement mean
scores of each student were determined for each topic. Moreover, students’ general

mathematics achievement scores related to the Whole Numbers, Sets, LCM, and
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GCF units were determined by calculating the mean score obtained from the three

tests separately.

3.3.3. Level Determination Exam (SBS)

In this study, Mathematics subtest of Level Determination Exam (SBS) was
used to measure 6™ grade students’ actual mathematics net scores at the end of the
semester. The SBS is a national three Level Determination Exam which is applied at
the end of the 6™ , 7™ and 8™ grades to select and place students into secondary
education institutions. The SBS exam contains questions from five content areas
which are Turkish, Mathematics, Social Sciences, Science, and Foreign Language.
These are all multiple choice items with four choice alternatives. The number of
questions each sub-test involves is illustrated in Table 3.5. At the end of each
academic year middle grade students enter SBS exams and receive a score from this
exam. Moreover, not only the score obtained from the SBS-exam, but also the
academic achievement and behaviors of students at school affect the total score of

that year’s SBS total score (MoNE, 2007).

Table 3.5 The Number of Questions Each Subtest of SBS Contains

Subtest The number of questions
Turkish Achievement Test 19
Mathematics Achievement Test 16
Social Science Achievement Test 16
Science Achievement Test 16
Foreign Language Achievement Test 13

The net score which can be taken from Mathematics test of SBS range from
-5,33 to 16. If the student answers all the questions correctly, he/she would receive a
score of 16. While determining the net score, three wrong answers cancel one correct
answer and thus if a student answers all the questions wrongly he receive a score of
-5.33 from the exam.

As previously indicated, in this study the Mathematics subtest of Level

Determination Exam (SBS) was used to measure the 6" grade students’ actual
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mathematics net scores at the end of the semester since one of the aims of the study
was investigating the relationship between 6 grade students’ problem solving
achievement scores after completing instruction on problem solving and their actual

mathematics net scores obtained from the SBS exam.

3.4. Reliabilty and Validity Issues
In the following sections reliability and validity issues of PSATs, MATs and

SBS exam will be discussed.

3.4.1 Reliabilty and Validity of PSATSs

Validity is appropriate, meaningful, correct and useful interpretations of any
measurement (Fraenkel & Wallen, 2006). Thus, it is about the goal of the test and
what it measures. Content-related evidence of validity is about how appropriate and
comprehensive the test is. In addition to adequacy of sampling, it is concerned about
the appropriate format of the test (Fraenkel & Wallen, 2006). Additionally,
Construct-related evidence of validity is about the nature of psychological construct
or characteristic being measured by the instrument. In this study, PSATs were used
to measure problem solving achievement scores of 6™ grade students after
completing instruction on problem solving related to Whole Numbers, Sets and Least
Common Multiple (LCM) and Greatest Common Factor (GCF) units. Table 3.6
illustrates the table of specification of each PSAT. In addition, the problems of the
PSATs were written by four mathematics teachers and two other people one of which
is a specialist on assessment and evaluation and the other is an instructor on
mathematics education checked the questions according to appropriateness of
objectives. Thus, it can be deduced that PSATs have content and construct related

evidence of validity.
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Table 3.6. Table of Specification of PSATs

Objectives
Solve and Perform union, Determine
construct problems intersection, common
entail doing difference and multiples and
Unit operations in complement common factors
Whole Numbers operations in Sets  of Whole
and solve problems Numbers and
by using these apply to
operations problems
Whole Numbers 1,2,3,4
Sets 1,2
LCM and GCF 1,2,3,4

Reliability is about consistency of the scores obtained from the instrument
(Fraenkel & Wallen, 2006 ). Inter-rater reliability is the degree of agreement among
raters and it gives a score of how much consensus is supplied by raters which is
called scoring agreement (Fraenkel & Wallen, 2006). As mentioned before, in the
evaluation process of PSATs, four teachers prepared a rubric together and randomly
chosen 1 paper from each class (a total of 12 papers) and these 12 papers were
evaluated together. The rest of the papers were assessed by the teacher of that class.
All assessment was done according to the rubric prepared by the four teachers and
exceptional situations were assessed through the 100 % consensus of four

mathematics teachers. Thus, it can be deduced that PSATs have inter-rater reliability.

3.4.2 Reliability and Validity of MATs

It is important to use valid instruments because valid instruments provide the
researcher with valid data. Thus, with the use of valid data, the researcher can reach
valid conclusions and inferences (Fraenkel & Wallen, 2006). Like PSATs, MATs
were also written by four mathematics teachers and a specialist on assessment and
evaluation and an instructor on mathematics education checked the questions
according to appropriateness of objectives. Thus, it can be deduced that MATSs have
content related evidence of validity. Moreover, internal consistency is a method of
estimating reliability. It shows how different items of an instrument are alike or

different (Fraenkel & Wallen, 2006). Cronbach’s alpha coefficient is one of the most
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common indicators of internal consistency (Pallant, 2001). Table 3.7 below

illustrates reliability values of each MAT.

Table 3.7. Reliability of MATs

MAT-1 MAT-2 MAT-3 MAT-4 MAT-5 MAT-6 MAT-7 MAT-8

Reliability
(Cronbach’ 0.79 0.76 0.72 0.70 0.69 0.82 0.80 0.80
s alpha)

The reliability of MATs range from .69 to .80. Fraenkel and Wallen (2006)
explained that reliability values which are above .70 can be accepted as relatively

high in social sciences. Thus, it can be said that reliability of MATs were high.

3.4.3 Reliability and Validity of SBS

As mentioned above, SBS is a nationwide three Level Determination Exam
which is applied at the end of 6", 7™ and 8" grades to select and place students into
secondary education institutions. Since it is a nationwide exam, the test is accepted as

reliable and valid.

3.5. Data Collection Procedure

The purpose of this research study is to investigate the relationship between 6"
grade students’ problem solving achievement scores following classes designed for
problem solving and their mathematics achievement mean scores obtained
throughout the semester related to LCM, GCF, Sets and Whole Numbers topics. In
addition, the relationship between 6" grade students’ problem solving achievement
scores following classes designed for problem solving and their actual mathematics
net scores obtained from SBS exam are investigated.

The data were collected from 6™ grade students of a private school in Istanbul
during the fall semester of the 2007-2008 academic year. First of all, official
permissions were taken from the school and content areas to study were determined
as Whole Numbers, Sets and LCM and GCF. As mentioned above, these content

areas were chosen to study because they were the first three content areas that 6™

50



grade students were taught through problem solving according to the yearly plan.
Teaching through real-life context mathematical problems according to the Polya’s
problem solving steps was the main purpose of the problem solving classes. The data
obtained from PSATs was collected during mathematics lessons; the data obtained
from MATSs was collected during the application of these tests on periods determined
by the school and lastly the data obtained from SBS was collected at the end of the
semester.

There were 12 sixth grade classes and 4 mathematics teachers were teaching 6
graders during the 2007-2008 academic year. The classes for problem solving were
designed by these four mathematics teachers with an expert from the assessment and
evaluation unit of the same school and applied to all sixth grades. The researcher is
one of these mathematics teachers and she is also responsible for the curriculum
development studies for 6" grades during the whole academic year. In curriculum
development studies, the responsible teacher and the expert on assessment and
evaluation prepare several learning activities, materials, and their assessment
instrument in their routine meetings held twice a week.

Before these meetings, all mathematics teachers teaching the same grade level
at that academic year determined the content areas and objectives of the learning
activities that would be prepared for each unit on the basis of previous years’
experiences and assessment results. In other words, they determined the content areas
and objectives that students would be compelled to learn. Then, the responsible
teacher and the expert on assessment and evaluation started to work on these
objectives and prepared learning activities, materials and assessment instruments
according to these objectives. During the preparation process, all drafts were shared
with the other teachers in their routine meetings held twice a week. Teachers’
opinions were always taken into consideration and necessary revisions were done
according to the consensus of the teachers since all teachers were expected to
implement the same lesson plans in all classes.

Problem solving is one of these content areas that teachers identified as a
content area to study in curriculum development studies. The activities, stories,

materials and work sheets that were used during problem solving classes were
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prepared in these meetings and applied in all classes. A time schedule for the

application of problem solving activities is given in Table 3.8.

Table 3.8. A Time Schedule for the Data Collection Process from Problem Solving

classes
Number
. C - of Application
Unit Objective Activity Lesson  Date
Hours
“Math Problems
in Daily Life” 1
activity
Solve and construct The story called
Whole ~ Problems entail doing  “Kizil Ejderha™ 2 24.09.2007-
Numbers  OPerations in Whole and worksheet 06.10.2007
Numbers “Problem
Coziyorum” 5
worksheet
PSAT-1 1
“Kiimeleri
O0greniyorum” 1
Perform union, activity ‘
intersection, difference  “Kiimelerle Islem
and complement Yapiyorum” 2
Sets operations in Sets and ~ worksheet
solve problems by “Problem 30.10.2007-
using these operations  Coziiyorum” 3 09.11.2007
worksheet
PSAT-2 12
“Ip kesiyoruz”
. 1
activity
Determine common “Cubuklarla
multiples and common ~ Ogreniyoruz!] 1
LCM and factors of Whole activity 03.03.2008-
GCF Numbers and apply to ~ LCM-GCF 1 13.03.2008
problems Stations
“Problem
o " 3
Coziiyorum
PSAT-3 1
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As shown in Table 3.8, problem solving classes for the Whole Numbers lasted
8 lesson hours, for Sets 6 lesson hours and LCM and GCF lasted for 7 lesson hours.
In total, 21 lesson hours of application was implemented in all 6" grade classes by
four mathematics teachers. The details of problem solving classes are explained in
the following section.
3.5.1. Problem Solving Classes

In the first hour of the problem solving classes related to Whole Numbers,
students were asked “What does the word ‘problem’ represent for you?”. Most of the
students talked about problem solving in mathematics, doing operations, and their
feelings and experiences about problem solving in mathematics. In addition, in some
classes some students talked about daily life problems. If no one talked about daily
life problems, the teacher asked questions such as “What about daily life problems?
Don’t we have any problems in daily life? What are they? ” and continued “Are the
problems that we are solving in mathematics lessons different from the ones that we
meet in daily life?” A few minutes were given to students to think and discuss but the
teacher made no comments herself. She guided the discussion with questions such as
“What do we do to solve daily life problems? Do mathematics and learning to solve
mathematics problems in class help us to deal with daily life problems?”
Furthermore, the teacher wrote on the board that; “The sixth grade students of this
school will go to a trip to Kapadokya. How do you think they will go?” Then she
asked questions like “Is this a daily life problem or a mathematics problem? What
do we need to know to solve this problem?” She wrote the answers of the students on
the board. Students said they needed information such as, the number of the students,
to decide on the vehicle of transportation, and the passenger capacity of the
transportation vehicle, the number of teachers coming. Then the teacher wanted
students to express this problem mathematically. They filled the figure illustrated in
Figure 3.6 together on the board.
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1. Daily Life Problem
The sixth grade
students of this school
will go to a trip to
Kapadokya. How do
you think they will
go?”

2. Mathematical Expression of the
Problem

The sixth grade students of this
school will go to a trip to Kapadokya.
The capacity of the each bus is 50
students. How many buses are needed
for 250 students?

3. Solution of the
Mathematical
Problem

250:50=5

4. Solution of the
Daily Life Problem

v

5 buses are needed.

Figure 3.6 Mathematical expression of a daily life problem

In the next step, students formed groups of two and were distributed a sheet of
A3 paper. They were asked to find a daily life problem, express this problem
mathematically and find the solution of their daily life problem with the help of a
mathematical solution. Each group shared their work with the whole class. The aim
of the “Math Problems in Daily Life” activity is make students be aware that
mathematical problems are not independent from the problems that they meet in their
daily lives and they could benefit from mathematical knowledge and skills to deal

with real life problems. Figure 3.7 shows an example of students’ work in this

activity.
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Figure 3.7 An Example of Students’ Work in“Math Problems in Daily Life”
Activity
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In the next two hours of the problem solving classes on Whole Numbers,
students were provided with a story called “Kizil Ejderha” and asked to fill a
worksheet according to the story given in appendix B. In this story, students met with
a mysterious situation like in Agahta Christine’s books. In the story, there is a
detective trying to solve a problem. He is investigating the unexpected disappearance
of an over-aged businessman. The detective goes to the hotel room where the over
aged businessman was last seen and talks with the manservant and business partner
of the missing man. In addition, he observes all the things around and asks questions
about them. At the end of the story, he takes into custody the manservant and
business partner. Students were requested to determine why the detective takes into
custody the men and solve the problem by following the steps given in the worksheet.
In the first step, students were asked to fill the table given by determining the names
of the characters and their jobs. In the second step, they were asked to find
mathematical clues given in the story that would be used to solve the problem. In the
third step, students solved the problem by using the clues found in the previous step
and lastly they constructed a mathematical problem with the clues they determined.
Thus, the first two steps were related with understanding a problem, the third step is
about solving a problem and the last step is constructing a problem. Each step was
assessed by using the rubrics with one dimension and each rubric was given just
below the related step.

This activity is applied just before the “Problem Coziiyorum” activities that
students were provided with open-ended real-life context mathematical problems and
were asked to solve these problems according to Polya’s problem solving steps. The
aim of this activity is to make students become aware that understanding a problem
is of great importance and it requires determining the clues that will help them to
solve the problem. Moreover, the activity aims to teach students that mathematical
knowledge and skills can be used in various situations to solve daily life problems.
At the end of the activity, a discussion about the importance of solving problems and
learning to solve problems was conducted and it was concluded that we can not meet
all kinds of real-life context problems in mathematics lessons but if we can develop
some strategies to solve problems in mathematics lessons, we could apply these

previously developed strategies to various real-life context problems.
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In the last five hours of the problem solving classes on Whole Numbers,
students were provided with a “Problem Cozliyorum” worksheet which contained 10
mathematical problems and were asked to solve these problems according to Polya’s
problem solving steps. While preparing the problems, it was paid attention to write
problems that can be solved by using different strategies or a combination of them.
Moreover, some problems that enable students to determine the missing or excessive
data were prepared.

In “Problem Coziiyorum” worksheet, a template which contains the Polya’s
problem solving steps was given just below each problem and students were
informed about what they were expected to do at each step. The first step was
“understanding the problem” and they were requested to write the given data and
decide on the unknown. In the second step which was “devising a plan”, they were
asked to make a plan to solve the problem. At first, they did not want to write the
name of the strategy they would plan to use because they had just encountered with
the ‘Strategy’ concept for the first time at the Whole Numbers problem solving
classes. In each problem, students were given a few minutes to read the problem and
fill the “understanding the problem” part of the template. Then the teacher asked how
they planned to solve the problem and wanted them to share their ideas with the
whole class. Sometimes, she waited until students solved the problem and shared
their solutions. The teacher guided students to become aware that there are strategies
used to reach the solution of problems. Most of the time, unconsciously they used
these strategies to solve the problems and one of the aim of these problem solving
classes is to make them develop awareness of strategies that they already use while
solving problems and to teach them some other strategies that they did not know. In
most cases, while explaining their solution plan or sharing their solutions, students
talked about the specific strategy(s) that the teacher had aimed at teaching for that
particular problem. Then, the teacher helped them to define the name of the strategy
that they used. If they did not solve the problem by applying the intended strategy,
the teacher guided them to think about other ways to solve the problem. In this
worksheet, intelligent guessing and testing, finding a pattern, accounting for all
possibilities, making a drawing (visual representation), working backwards, logical

reasoning, solving a simpler analogies problem and adopting a different point of
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view strategies which were defined by Possamentier and Krulik (1998) were aimed
at being taught in order to help the students to solve the problems. Figure 3.8

illustrates one of the problems given in this worksheet.

ﬁl Problem: Erdal 6gretmen matematik dersinde bir

I I}

ﬁ”‘-.?‘ etkinlik yapacaktir. Bunun i¢in elindeki ip pargasini, 25
|

i g makas darbesiyle es parcalara aymrir ve elindeki

= |JJEE\

| parcalar1 hi¢ artmayacak sekilde Ogrencilerine dagitir.

| III. Jp almayan Ogrenci kalmadigina gore; Erdal

...,I\E(}lgretmenin bu simifta kag¢ 6grencisi vardir?

1.Problem Anlayalim

2.Plan Yapalim

3.Plan1 Uygulayalim

4. Kontrol Edelim

Figure 3.8 An Example Problem from “Problem Coziiyorum” Worksheet on
Whole Numbers

Students tried to solve the problem given in Figure 3.8 by using different
strategies. Some of them used the making a drawing strategy. They drew a line and
pointed 25 cutting points on the line, and then counted the pieces of the line. The
teacher asked these students questions like “Can you use this strategy if the problem

asked for 152 cutting points?”. They answered they could do it but it would be harder
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as the number of the cutting point increases. Some other students used finding a
pattern strategy to solve the problem. First of all, they looked for 1 cutting point and
obtained 2 pieces; then, they tried to cut it at 2 cutting points and had 3 pieces, 3
cutting points and 4 pieces...etc. Thus, they concluded that the number of the pieces
obtained is one more than the number of the cutting points. Since the problem is
asking for 25 cutting points, they concluded that the number of strips cut would be
26. Although, students used these two strategies in their solutions, they did not know
the name of the strategies they used. The teacher helped them to define the name of
the strategy they used. They talked about making a drawing and finding a pattern
strategy. In addition, they talked about solving a simpler analogies problem strategy
and the advantages of using it in some problems like this one. Problem solving
classes for Whole Numbers were completed with “Problem Cozliyorum” activity and
PSAT-1 was applied at the end of the class.

Like the problem solving classes for Whole Numbers, students were provided
with various learning activities and materials in Problem solving classes for Sets and
LCM-GCF. They were expected to solve these problems according to Polya’s
problem solving steps and the related PSAT were applied just after the classes.
Activity plans for Whole Numbers of problem solving classes are given in appendix
B.

In this section the data collection procedure was explained in detail. The

following section gives information about the analysis of the data.

3.6. Data Analysis

In this study, quantitative research methodologies were used. In order to answer
the research questions, quantitative data analysis technique was utilized. In data
analysis, both descriptive and inferential statistics were applied. All statistical
analysis was carried out by using SPSS 15.0 windows program. In terms of
descriptive statistics, mean and standard deviations of PSATs were calculated and
frequency and percentages were used to describe the data. In addition, for the
inferential statistics, scatterplots and the Pearson Product-Moment Coefficient of
correlation were utilized to determine the correlation among 6" grade students’

problem solving achievement scores, their mathematics achievement mean scores,
59



and their actual mathematics scores obtained from SBS. There are different
correlation coefficients that are used for particular situations. The Pearson Product-
Moment Correlation Coefficient (Pearson r) is one of them and it is appropriate to
use it when the data for both variables are interpreted in terms of quantitative scores
(Fraenkel & Wallen, 2006 ).

This section gives information about the data analysis. The next section gives

information about assumptions and limitations of the study.

3.7. Assumptions and Limitations

In this part, the basic assumptions and limitations of the research study are
explained. First of all, it was assumed that all of the participants took problem
solving activities according to Polya’s problem solving steps for the first time and
answered the questions in Problem Solving Achievement Tests (PSATSs),
Mathematics Achievement Tests (MATs) and Level Determination Exam (SBS)
seriously and accurately.

On the other hand, in this study, convenience sampling method was used to
obtain the sample of the population. A convenience sample is a group of individuals
who (conveniently) are available for study and in general convenience samples can
not be considered representative of any population (Fraenkel & Wallen, 2006). Thus,
the sampling method of the study limits the generalizability of the research findings
to the broader context. Moreover, the sample did not consist of participants from
public schools and only 6™ graders participated in the study. This also limits the
generalizability of the research findings to the broader population.

Since the purpose of the research study was to investigate the relationship
among 6™ grade students’ problem solving achievement scores, their mathematics
achievement mean scores and their actual mathematics scores obtained from SBS,
the attendance of participants to all Problem Solving Achievement Tests (PSATs), all
Mathematics Achievement Tests (MATs) and the SBS exam were needed. Thus, the
students who did not attend at least one of these tests were eliminated from the
sample. At the end, 86 participants who represent 34 % of sample could not

participate in the study because of this criterion.
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Lastly, since the study contained three topics namely, Whole Numbers, Sets,

LCM and GCEF, the results of the study can not be generalized to other topics.

3.8. Internal and External Validity of the Study
Validity of the results of a study is dependent upon both internal and external
validity threats. Both of these threats of this study are discussed in the following

section.

3.8.1. Internal Validity

Internal validity gives information about the degree to which observed
differences on the dependent variable is aroused from the independent variable
(Fraenkel & Wallen, 2006). Thus, if the results of the study are not related to the
dependent variable itself or in other words they are related with some other
unintended variables, internal validity threats occur. Each research designs have
different internal validity threats. Subject characteristics, location, instrumentation
(instrument decay, data collector characteristics, and data collector bias), testing and
mortality are internal validity threats of a correlational study (Fraenkel & Wallen,
2006). In correlational studies, there is no intervention. Thus, internal validity threats
like implementation, attitude of subjects or regression can not be applied to these
studies. Importance needs to be given to possible threats and it is necessary to control
them in order to reach valid results of the study (Fraenkel & Wallen, 2006).

In this study data was collected from sixth grade students of a private school.
Some characteristics of the subjects might affect the internal validity of this study.
These are socioeconomic status and prerequisite knowledge of students. Since the
data was collected from a private school, socio-economic status of families of the all
participants can be rated as very high. Thus, this characteristic affect was controlled
since the socio-economic statuses of families were very similar. Moreover,
prerequisite knowledge of students might affect the internal validity of this study.
However, it should be mentioned that students were taught the topics Sets and LCM-
GCF in 6" grade for the first time. Hence, they do not have any prerequisite
knowledge about these topics. Nevertheless, students were familiar to the topic of

Whole Numbers, but this characteristic affect was controlled since 170 out of 256
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sixth grade students in this private school participated in this study and 201 of them
were students of the same school from 5™ grade. Only 55 of them started the school
at the beginning of the 6" grade and they all showed an expected degree of success in
the exam applied by the school.

Location threat is another internal validity threat of this study and it is possible
to occur when the application of each instrument occurs at a particular location but it
differs from subject to subject (Fraenkel & Wallen, 2006). The data of this study was
collected from only one school and in this school there were specific classes for each
lesson. There were 6 mathematics classes in this school and 2 of them were used by
6" grade students. These 2 classes were very similar to each other and not only
problem solving classes but also PSATs were applied to all students in these classes.
Moreover, during the application of MATSs, each class was in their own classrooms.
Thus, each class testing conditions were almost the same since the classrooms were
very similar to each other. Lastly, it should also be mentioned that students entered
SBS exam in different exam places but the standards of the classes were very similar
to each other since it was a nationwide exam. In nationwide exams, common
standards and rules are applied to each classroom. Thus, although students from 12
distinct classes participated in the study, location threat was controlled since all
participants completed the instruments in similar testing conditions.

Additionally, a different interpretation of results depending on the scorers or
the time makes instrumentation decay an internal threat for research studies
(Fraenkel & Wallen, 2006). The MATs and SBS exam were multiple-choice tests so
instrument decay in scoring procedure did not occur. In addition, PSATs were
assessed by using a rubric and four teachers conducted the assessment as mentioned
above. Thus, instrumentation decay is not a threat for this study.

Data collectors or scorers might unconsciously distort the results of the study
that would support the hypothesis of the researcher (Fraenkel & Wallen, 2006). Not
only the researcher but also the other data collectors were aware of the purpose of the
study, so data collector characteristics and bias were important threats in this study.
However, these teachers (data collectors) were mathematics teachers of a private
school and in this school the teachers who are teaching the same grade level always

prepared lesson plans and assessment tools together. In addition, all the teachers
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were expected and did use the same lesson plans in their classes. Thus, they got used
to standardizing all procedures and performed common actions on situations. This
property helped to control the data collector characteristics and bias internal threats.
Testing is one of the internal threats of correlational studies. However, it is not
an internal threat for this study since none of the instruments were applied twice.
Lastly, mortality threat which means the loss of subjects is considered to be an
internal threat in studies. However, mortality is not an important internal threat for
correlational studies because lost subjects were excluded from the study since
correlation could not be calculated if there were no scores for both variables
(Fraenkel & Wallen, 2006). In this study, attendance of students to all PSATs, all
MATSs and the SBS exam were needed to participate in the study and as mentioned
above, to control this threat the students who did not attend at least one of these tests

were eliminated from the sample.

3.8.2. External Validity

External validity of the study is defined as “the extent to which the results of a
study can be generalized from a sample to a population” (Fraenkel & Wallen, 2006,
p.108). Population generalizability and ecological generalizability are two
dimensions of external validity.

Population generalizability is about a sample’s degree of representativeness of
an intended population (Fraenkel & Wallen, 2006). The target population of this
study was all sixth grade private school students sitting the SBS exam at the end of
the academic year in Turkey. The accessible population of this study was all sixth
grade private school students sitting the SBS exam at the end of the academic year
in Istanbul and the sample of the population were sixth grade students of a private
school in Istanbul. In this study, convenience sampling method was used to obtain
the sample of the population and a convenience sample is a group of individuals who
(conveniently) are available for study and in general convenience samples can not be
considered representative of any population (Fraenkel & Wallen, 2006). Thus, the
sampling method of the study limits the population generalizability of the research

findings.
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Moreover, the term ecological generalizability refers to “the extent to which the
results of a study can be generalized to conditions or settings other than those that
prevailed in a particular study” (Fraenkel & Wallen, 2006, p.108). This study was
applied in a private school and results could be generalized to the students in other
private schools that have similar conditions with the school that the data was

collected.
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CHAPTER 4

RESULTS AND CONCLUSIONS

This chapter aims to present the results of the study in two main parts. In the
first part descriptive statistics of students’ problem solving achievement scores,
mathematics achievement scores and actual mathematics achievement net scores
obtained from SBS will be explained. In the second part, inferential statistics
obtained by the statistical analysis will be presented. Scatterplots and the Pearson
Product-Moment Coefficient of correlation were utilized to determine the correlation
among 6" grade students’ problem solving achievement scores, their mathematics
achievement mean scores, and their actual mathematics scores obtained from SBS.

Also this chapter presents the conclusion section regarding the results of the study.

4.1. Descriptive Statistics
Descriptive statistics concerning the participants’ problem solving
achievement scores, mathematics achievement scores and actual mathematics net

scores obtained from SBS are presented in this section.

4.1.1. Descriptive Statistics of Problem Solving Achievement Scores

In terms of descriptive statistics; minimum-maximum scores, mean, standard
deviations, and skewness and kurtosis values of problem solving achievement scores
are calculated and used to describe the data. As it is mentioned before, students’
problem solving achievement scores are the mean score of the scores obtained from
PSAT-1, PSAT-2 and PSAT-3. Thus, this section summarizes the descriptive
statistics of not only problem solving achievement scores but also the scores obtained
from PSAT-1, PSAT-2 and PSAT-3 separately. These scores are related to contents

of Whole Numbers, Sets and LCM-GCF respectively.
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Totally, 170 participants took all of the Problem Solving Achievement Tests.
Table 4.1 summarizes minimum-maximum scores, mean, standard deviation, and

skewness and kurtosis values of the scores for each test separately.

Table 4.1. Descriptive Statistics of Scores Obtained from PSAT-1, PSAT-2,
PSAT-3, and PSAT

PSATI1 PSAT2 PSAT3 PSAT
N 170 170 170 170
Mean 65.33 69.44 72.98 69.28
Std. 19.99 24.67 20.40 16.72
Deviation
Minimum 12.00 8.00 20.00 18.00
Maximum 100.00 100.00 100.00 100.00
Skewness -0.31 -0.45 -0.55 -0.39
Kurtosis -0.39 -0.91 -0.53 -0.23

As given in Table 4.1, although the maximum scores taken from PSAT-1,
PSAT-2 and PSAT-3 are the same (max = 100), the minimum scores vary from test
to test. Thus, the difference between the minimum and maximum scores takes the
biggest value in PSAT-2 scores since the minimum score taken from the test is 8.
Considering the problem solving achievement score which is one of the main
variables in this study, the maximum score is 100 and the minimum score is 18, with
a mean of 69.28 (SD = 16.72). In addition, Table 4.1 also presents the skewness and
kurtosis values of problem solving achievement scores. These values provide
information about the nature of the distribution of the scores. Based on these values,
distribution of problem solving achievement scores are regarded as normally
distributed.

Additionally, the figure 4.1 given below illustrates the differences in
cognitive processes of the whole participants based on problem solving steps related

to the topics of Whole Numbers, Sets and LCM-GCF.
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Figure 4.1. The Differences in Cognitive Processes of the Whole Participants Based
on Problem Solving Steps Related to the Topics of Whole Numbers, Sets and LCM-
GCF.

According to the figure above, students’ understanding the problem, devising
a plan and carrying out the plan scores increase from the beginning of the instruction
with the topic Whole Numbers to the end of it with the topics LCM-GCF. However,
there was a small decrease in checking out scores from the beginning of the process

to the end of it.

4.1.2. Descriptive Statistics of Mathematics Achievement Scores

In this study, Mathematics Achievement Tests (MATs) were used to measure
6" grade students’ mathematics achievement mean scores obtained through out the
semester related to the Whole Numbers, Sets, LCM, and GCF units. Students’
mathematics achievement mean scores were determined by calculating the mean
score of each separate unit scores. Table 4.2 gives information about the descriptive

statistics of students’ mathematics achievement mean scores.
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Table 4.2. Descriptive Statistics of Scores obtained from MATSs Considering Units

Mathematics
N. Numbers  Sets LCM-GCF Achievement Mean
Score
N 170 170 170 170
Mean 73.32 73.28 57.06 67.89
Std. 21.12 17.97 31.86 18.04
Deviation
Minimum 3.33 16.67 0.00 21.67
Maximum 100.00 100.00 100.00 100.00
Skewness -0.83 -0.71 -0.13 -0.10
Kurtosis 0.20 0.17 -0.57 -0.59

As given in Table 4.2, mathematics achievements mean scores which is one
of the main variables in this study has the maximum score of 100 and minimum
score of 21.67 ; with a mean of 67.89 (SD = 18.04). Considering the units separately,
the minimum and maximum scores are respectively 3.33 and 100 in Whole Numbers;
16.67 and 100 in Sets and 0 and 100 in LCM and GCF. The mean of the scores
related to Whole Numbers is 73.32 (SD = 21.12); related to Sets is 73.28 (SD =
17.97); related to LCM and GCF is 57.06 (SD = 31.86). Table 4.2 also shows the
skewness and kurtosis values of mathematics achievements mean scores. Those
values indicated that the distribution of mathematics achievements mean scores is

normal.

4.1.3. Descriptive Statistics of Actual Mathematics Achievement Net Scores
Obtained from SBS

In this study, Mathematics subtest of Level Determination Exam (SBS) was
used to measure 6™ grade students’ actual mathematics achievement net scores at the
end of the semester. The net score which can be taken from Mathematics test of SBS
range from -5.33 to 16. If the student answers all the questions correctly, he/she
would take score of 16. While determining the net score, three wrong answers cancel
one correct answer and thus if a student answer all the questions wrongly he would

take score of -5.33 from the exam.
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All of the students of this private school took the SBS exam. However; 170
out of 256 students constituted the participants of this study since the students who
did not attend at least one of the tests (PSATs or MATs) were eliminated from the
sample. Table 4.3 summarizes minimum-maximum scores, mean, standard deviation,
and skewness and kurtosis values of the participants’ actual mathematics

achievement net scores that they obtained from SBS.

Table 4.3. Descriptive Statistics of Scores Obtained from Level Determination

Exam (SBS)

N Mean ~ Std. o Minimum Maximum Skewness Kurtosis
Deviation
SBS 170 11.50  3.15 1.00 16.00 -0.74 0.11

As given in Table 4.3, actual mathematics achievement net score which is one
of the main variables in this study has the maximum score of 16 and minimum score
of 1.00; with a mean of 11.50 (SD = 3.15). Furthermore, the skewness and kurtosis
values indicated that students’ actual mathematics achievement net scores are
normally distributed.

Descriptive statistics of students’ problem solving achievement scores,
mathematics achievement scores and actual mathematics achievement net scores
obtained from SBS were explained in this section. In the following section,

inferential statistics obtained by the statistical analysis will be presented.

4.2. Inferential Statistics

In terms of inferential statistics; the Pearson Product-Moment Coefficient of
correlation was utilized to determine the correlation among 6 grade students’
problem solving achievement scores, their mathematics achievement mean scores,

and their actual mathematics achievement net scores obtained from SBS.
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4.2.1. The Relationship between Problem Solving Achievement Scores and
Mathematics Achievement Mean Scores

To investigate the relationship between Problem Solving Achievement Scores
and Mathematics Achievement Mean Scores, correlation analysis was utilized. It is
used to explain the direction and the strength of the linear relationship between two
variables (Pallant, 2001). There are different correlation coefficients that are used for
particular situations. The Pearson Product-Moment Correlation Coefficient (Pearson
r) is one of them and it is appropriate to use it when the data for both variables are
interpreted in terms of quantitative scores (Fraenkel & Wallen, 2006). Pearson
correlation coefficient can take the values from -1 to +1 (Pallant, 2001). The results

of the analysis are presented with research questions in the following paragraphs.

4.2.1.1. Research Question 1
What is the relationship between 6" grade students’ problem solving
achievement scores after completing instruction on problem solving and their

mathematics achievement mean scores obtained through out the semester related to

LCM, GCF, Sets and Whole Numbers Topics?

Before calculating Pearson product-moment correlation, preliminary analyses
were done to guarantee that there was no violation of the assumptions of normality,
linearity and homoscedasticity. Moreover; scatterplots were also utilized to have idea
about the nature of the relationship of the variables. As it was mentioned in
Descriptive Statistics section, the normality of the distribution of PSAT and MAT
scores was met regarding the corresponding skewness and kurtosis values. More
specifically, in order to calculate correlation coefficients precisely, the relationship
between the two variables is required to be linear (Pallant, 2001). Figure 4.2 shows
the scatterplot generated to investigate the relationship between the problem solving
achievement scores after completing instruction on problem solving and their
mathematics achievement mean scores obtained through out the semester related to

LCM, GCF, Sets and Whole Numbers Topics.
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Figure 4.2. Scatterplot of Problem Solving Achievement Scores and Mathematics
Achievement Mean Scores

The distribution of the scores on the scatterplot revealed that the relationship
between the variables was linear. Furthermore, it was shown in the scatterplot that
the scores are almost arranged in a cigar shape. Thus, the homoscedasticity
assumption was also ensured (Pallant, 2001). The results of Pearson product-moment

correlation are presented in Table 4.4.

Table 4.4. Results of the Bivariate Correlations of Problem Solving Achievement
Scores and Mathematics Achievement Mean Scores

PSATscore MATSscore

PSATscore Pearson ok

Correlation 1 0.56(*%)

Sig. (2-tailed) 0.00

N 170 170
MATscore Pearson o

Correlation 0.56(*%) I

Sig. (2-tailed) 0.00

N 170 170

The results revealed that there was a significant large positive correlation
between the problem solving achievement scores after completing instruction on

problem solving and their mathematics achievement mean scores obtained through
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out the semester related to LCM, GCF, Sets and Whole Numbers Topics [r = .563, n
= 170, p < .05]. More specifically, 6" grade students having high problem solving
achievement scores after completing instruction on problem solving have higher
mathematics achievement mean scores obtained through out the semester related to
LCM, GCF, Sets and Whole Numbers Topics. In addition, results revealed that
students’ problem solving achievement scores explain nearly 32 percent of the
variance in students’ mathematics achievement mean scores (> = 0.32). That is, a
large effect size in terms of practical significance according to guidelines of Cohen

(1988) is obtained.

4.2.2. The Relationship between Problem Solving Achievement Scores and
Actual Mathematics Achievement Net Scores obtained from SBS

To investigate the relationship between Problem Solving Achievement Scores
and Actual Mathematics Scores, The Pearson Product-Moment Correlation

Coefficient (Pearson r) was utilized.

4.2.2.1. Research Question 2

What is the relationship among 6" grade students’ problem solving
achievement scores after completing instruction on problem solving and their actual
mathematics net scores obtained from SBS?

First of all, to check the linearity and homoscedasticity assumptions a
scatterplot was generated. As it was mentioned in Descriptive Statistics section, the
normality of the distribution of PSAT and SBS scores was met regarding the
corresponding skewness and kurtosis values. Figure 4.2 shows the scatterplot
generated to investigate the relationship between the problem solving achievement
scores after completing instruction on problem solving and their actual mathematics

net scores obtained from SBS.
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Figure 4.3. Scatterplot of Problem Solving Achievement Scores and Actual
Mathematics Net Scores obtained from SBS

The distribution of the scores on the scatterplot indicated that the relationship
between the variables was linear. In addition, it was shown in the scatterplot that the
scores are almost arranged in a cigar shape. Thus, not only the linearty but also the
homoscedasticity assumptions were ensured (Pallant, 2001). The results of Pearson

product-moment correlation are presented in Table 4.5 below.

Table 4.5. Results of the Bivariate Correlations of Problem Solving Achievement
Scores and Actual Mathematics Net Scores obtained from SBS

PSATscore SBSscore

PSATscore Pearson ok

Correlation 1 0.63(**)

Sig. (2-tailed) 0.00

N 170 170
SBSscore Pearson .

Correlation 0.63(*%) I

Sig. (2-tailed) 0.00

N 170 170

The results revealed that there was a significant large positive correlation
between the problem solving achievement scores after completing instruction on

problem solving and actual mathematics net scores obtained from SBS [r = .627, n =
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170, p < .05]. More specifically, 6™ grade students having high problem solving
achievement scores after completing instruction on problem solving have higher
mathematics net scores from SBS. In addition, results revealed that students’
problem solving achievement scores explain nearly 39 percent of the variance in
students’ mathematics net scores obtained from SBS (2 = 0.39). That is, a large
effect size in terms of practical significance according to guidelines of Cohen (1988)

is obtained.

4.3. Summary

First of all; the results of the statistical analyses explored the relationship
between 6 grade students’ problem solving achievement scores after completing
instruction on problem solving and their mathematics achievement mean scores
obtained through out the semester related to LCM, GCF, Sets and Whole Numbers
Topics. The findings of the analysis showed that there was a significant large
positive correlation between the problem solving achievement scores after
completing instruction on problem solving and their mathematics achievement mean
scores obtained through out the semester related to LCM, GCF, Sets and Whole
Numbers Topics.

Another conclusion of this study was about the relationship among 6" grade
students’ problem solving achievement scores after completing instruction on
problem solving and their actual mathematics net scores obtained from SBS. The
findings of the analysis showed that there was a significant large positive correlation
between the problem solving achievement scores after completing instruction on

problem solving and students’ actual mathematics net scores obtained from SBS.
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CHAPTER 5

DISCUSSION, IMPLICATIONS AND RECOMMENDATIONS

The purpose of this research study is to explore the relationship between 6"
grade students’ problem solving achievement scores after completing instruction on
problem solving and their mathematics achievement mean scores related to LCM,
GCEF, Sets and Whole Numbers topics obtained throughout the semester. In addition,
the relationship between 6" grade students’ problem solving achievement scores
after completing instruction on problem solving and their actual mathematics
achievement net scores obtained from SBS exam is investigated. The previous
chapter explains the results of the statistical analysis of the study. This chapter deals
with conclusions based on findings and reasoning about the results of the study.
Furthermore; comparing those of the studies in the literature and implications and

recommendations for practice and further studies are stated in this chapter.

5.1. Relationship between Problem Solving Achievement Scores and
Mathematics Achievement Mean Scores

As mentioned in method chapter, problem solving achievement scores were
determined by utilizing Problem Solving Achievement Tests (PSATs) which
included open-ended real-life context problems. Moreover, students’ mathematics
achievement mean scores were determined by utilizing Mathematics Achievement
Tests (MATs) that consisted of multiple choice questions having four choice
alternatives. The results of the study indicated that that there was a significant large
positive correlation between the problem solving achievement scores after
completing instruction on problem solving and their mathematics achievement mean
scores obtained through out the semester related to LCM, GCF, Sets and Whole

Numbers Topics. Thus, it could be inferred from the results of the study that students
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who were successful in problem solving classes were also successful in the
mathematics achievement tests applied through out the semester. In addition,
although the structures of the tests were different from each other, students could use
their problem solving abilities in various environments through out the semester.
Thus, it could be inferred that problem based instruction was effective and students
internalized it. Moreover; this type of instruction might enable students to have
permanent learning. Furthermore, the findings of this study are in agreement with the
results of Ozsoy’s (2002) study who pointed out that there is a positive significant
relationship between students’ mathematics achievement scores and scores obtained
from Polya’s problem solving steps in problem solving ability test. In addition,
Ceylan (2008) found a highly significant correlation between 6 grade students’ test
scores of daily-life problem-solving inventory and their performance at mathematical
problem solving. Moreover, the literature includes many studies where problem
solving approach has been found to have various effects on achievement in various
areas of mathematics. For example, instruction based on Polya’s problem solving
steps significantly affected students’ problem solving abilities in a positive way
(Y1ldiz, 2008) and teaching through problem posing had significant positive effect on
students’ problem solving success (Fidan, 2008). Additionally, in Tore’s (2007)
study, it was stated that instruction according to Polya’s problem solving steps had
positive effective on students’ problem solving abilities. Lastly, Verschafell and
others (1999) stated that intervention had a positive effect on different aspects of
students’ mathematical modeling and problem solving abilities. These studies
emphasized the role of problem solving in mathematics education.

As it is mentioned before, the results of this study indicated that 6" grade
students having high problem solving achievement scores after completing
instruction on problem solving have higher mathematics achievement mean scores
obtained through out the semester related to LCM, GCF, Sets and Whole Numbers
Topics. The reason of high correlation might be due to the instruction given in
classes designed for problem solving. As mentioned in chapter 3, in these problem
solving classes students were provided with various activities, stories, materials and
work sheets which include real-life context mathematical problems and wanted to

solve them according to the Polya’s problem solving steps. In other words, it can be
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said that the instruction was planned according to the aspects of new elementary
mathematics curriculum. Thus, this type of instruction might provide students with
permanent learning. In their study, Karatas and Giiven (2004) mentioned that in
order to make students acquire new knowledge, providing students with learning
environments which includes visual and electronic materials are of great importance
in the new program based on the constructivist approach. Similarly, Tandogan and
Akmoglu (2006) explained that daily-life expressions of problems might lead
students to participate actively. Moreover, daily-life expressions might enable
students to remove their worries about problem solving and enhance their learning
(Y1ildiz, 2008). In other words, instruction based on problem solving might attract
students’ interest and might make them deal more with the problems and involve in
mathematical tasks. Thus, students who took high problem solving achievement
scores after completing instruction on problem solving also took high mathematics
achievement mean scores. Moreover; instruction due to Polya’s problem solving
steps (understanding the problem, devising a plan, carrying out the plan, looking
back) might have affect this high correlation. In this study, students’ problem solving
scores were determined by utilizing Problem Solving Achievement Tests (PSATS)
which included open-ended problems and assessed according to a rubric. In the step
of “devising a plan”, students made a plan to solve the problem and they used
different strategies to reach the solution of the problem. Using strategies like finding
a pattern or making a drawing might have affect students’ problem solving
performances. These findings were consistent with the results of Ozsoy’s (2007)
study who found positive significant effect of being thought to use metacognition
strategies on 5t grade students’ mathematical problem solving achievement. In
addition, Yazgan and Bintas (2005) investigated 4™ and 5™ grade students’ learning
and utilization of problem solving strategies. The results showed that 4" and 5™ grade
students can informally use problem solving strategies without any training and 4
and 5" grade students can learn strategies. Moreover; training had a positive effect
on students’ problem solving success.

Most of the studies in the literature investigate the effects of problem
solving approach on achievement (Ceylan, 2008; Fidan, 2008; Ozsoy, 2007; Yildiz,

2008). However, there were few studies conducted to see retention of problem
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solving ability through out the year. In addition, although there are several research
studies performed with students and teachers regarding problem solving abilities and
mathematics achievement, very few research studies completed on the possible
connection between two in relation with the new curriculum. Therefore, this study
contributes to the literature in this context.

Another result of this study showed that there was a significant large
positive correlation between the problem solving achievement scores after
completing instruction on problem solving and students’ actual mathematics net
scores obtained from SBS. The SBS is a nationwide exam and contains multiple
choice items with four choice alternatives. Thus, students’ actual mathematics net
scores obtained from SBS were also achievement scores and this finding of the study
is in agreement with the results of studies which were mentioned above (Ceylan,
2008; Fidan, 2008; Ozsoy, 2007; Tére, 2007; Yildiz, 2008). Similarly, the reason of
high correlation might be due to the instruction given in classes designed for problem
solving. Students used their problem solving abilities in different environments and
SBS is one of them. Students might be successful in SBS exam because the type of

questions asked in SBS is also not traditional.

5.2. Implications and Recommendations

This study focused on the relationship between 6" grade students’ problem
solving achievement scores after completing instruction on problem solving and their
mathematics achievement mean scores related to Least Common Multiple (LCM),
Greatest Common Factor (GCF), Sets and Whole Numbers topics obtained
throughout the semester. In addition, the relationship between 6" grade students’
problem solving achievement scores after completing instruction on problem solving
and their actual mathematics net scores obtained from SBS exam was investigated.
Based on the analysis of the data, some recommendations for further researches
could be offered.

As it is mentioned in method chapter, convenience sampling method was
used to obtain the sample of this study who are sixth grade students of a private
school in Istanbul. Thus, the sampling method of the study limits the generalizability

of the research findings to the broader context. Moreover, the sample did not consist
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of participants from public schools and only 6™ graders participated in the study.
Thus, replication of the present study in not only other private schools but also public
schools is recommended to determine whether the results will be similar. In addition,
this study could be performed with different grade level students and comparisons of
the results according to different grade levels could be done.

Present study contained three topics namely, Whole Numbers, Sets, LCM and
GCF. Thus, the results of the study can not be generalized to other topics but in
further studies other topics could be selected. In addition, experimental studies which
investigate the effect of problem solving approach on achievement related to these
topics could be done.

In this study, it was revealed that instruction given in problem solving
classes had important benefits on students’ problem solving skills. Moreover,
significant large positive correlation was found between students’ mathematics
achievement scores and problem solving achievement scores not only in school
exams but also in SBS. Taking into account of these results, it was seen that
implication of real-life context problem solving instruction according to Polya’s
problem solving steps was not difficult. Thus, great importance should be given to
problem solving instruction as it is mentioned in the new curriculum. In order to be
successful in exams like SBS, problem based instruction is necessary. Teachers
should avoid from traditional methods which students solve hundreds of questions
and memorize the solution way of various particular questions. The instruction given
in problem solving classes might enable students to use their abilities not only in
school exams but also in a nationwide exam like SBS. In addition, a learning
environment should be planned and prepared in such a way that students learn with
concrete experiences, utilize from various activities, stories and materials. Lastly,
cooperative learning should be used and students’ active participation to learning

environments should be encouraged.
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APPENDIX B

PROBLEM GOZME ETKINLIiGi-1

DERS : MATEMATIK

ETKINLIGIN ADI : Dogal Sayilarda Problem Cézme
SINIF DUZEYiI 16

OGRENME ALANI : Sayilar

ALT OGRENME ALANI : Dogal Sayilar

KAZANIMLAR:

-Dogal sayilarla islem yapmayi gerektiren problemleri ¢ozer ve kurar.
GEREKLI MATERYALLER:

e “Glnlik Yasamda Matematik Problemleri” adli etkinlik kagidi

o “Kizil Ejderha” adli calisma kagidi

e “Problem C6zlyorum” adli galisma yapragi
ISLENIS:

e “GuUnluk Yasamda Matematik Problemleri” adh etkinlik yapilir.

e “Kizil Ejderha” adli calisma kagdidi 6grencilere dagitiir ve &6grencilerden
hikayeyi okuduktan sonra arkasindaki sorulari yanitlamalari istenir.

e Problem ¢dézmenin énemi Gzerinde durulur.

e “Problem Coézliyorum” adl calisma yapragi 6grencilere dagitilir.

e Problem C6zme basamaklari (Problemi Anlayalim, Plan Yapalim, Plani
Uygulayalim, Kontrol Edelim, Problem Kuralim) ve farkli problem ¢ézme stratejileri
(Oriintii arama, Sekil gizme..vb) Uzerinde durulur. Ogrencilerin problemleri bu
basamaklara uygun olarak ve farkl stratejiler kullanarak ¢dézmeleri saglanir. Bu

stratejiler sinifga tartisilir.
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Ginlik Yagamda Matematik Problemieri

Giris : Ogrencilere “ Problem deyince akliniza ne geliyor? “ sorusu ydneltilir.

Gulnlik yasam Matematik problemleri
problemleri

e “Sizce sinifta ¢6zdigumiz matematik problemleri ile gunlik yasamda
kargsimiza ¢ikan problemler ayni midir?” sorusu o6grencilere yoneltilir ve
sinif¢ca kisa bir sure tartisilir. Sorunun yaniti 6grencilere verilmez, asagidaki
etkinlik ile sonuca kendilerinin ulagsmasi saglanir.

[0

Okulumuzun 6. sinif dgrencileri Kapadokya’ ya gideceklerdir. Sizce nasil J

giderler ?

e Bu bir gunlik yasam problemi midir yoksa matematik problemi midir? Neden?

e Bu problemi matematiksel olarak nasil ifade edersiniz?

Bu problemi ¢gézmek i¢in hangi bilgilere ihtiyag vardir?

¢ 6. siniflar 6grenci sayisi (250)

% Ne ile yolculuk yapacaklari (Otobus, Ugak....vb)

< Bir otobusun kag kisi tasiyabilecegdi (40 Kisilik veya 50 kisilik otobUs)

Matematiksel ifadesi ( Bu bir matematik problemi olsaydi nasil sorardik ? )

1. Giinliik yasam 2. Problemin Matematiksel
Problemi Anlatimi

- Okulumuzun 6. smf ogrencileriyle
Siz 6. siiflar olarak Kapadokya’ya bir gezi

diizenlenecektir. 250 6grenci 50 kisi
tasiyabilecek  araglarla  yolculuk
edeceklerdir. Bu gezi icin kag¢ arag
gereklidir?

Kapadokya’ya bir gezi
diizenleyeceksiniz.
Nasil?

3. Matematiksel 4. Giinliik Yasam
Problemin Coziimii Probleminin Coziimii
250:50=5 5 aragla gideriz.
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Yukaridaki sema tahtaya c¢izilerek 6grencilere matematik problemlerinin yakin
cevrelerinde ve gunlik yasamda karsilasilan durumlar oldugu 6grencilere fark ettirilir.

Gorev :
< Sinif ikiser kisilik gruplara ayrilir.
«» Her gruba 1’er tane A3 kagit verilir.
% Ogrencilerden ;6nce A3 kagdidi ikiye katlamalari istenir.
+« Daha sonra; bu bolimleri asagidaki gibi dérde bélmeleri istenir.
+«» Her gruptan iki adet gercek yasam problemleri kurmalari, problemlerin
matematiksel anlatimini yazmalari ve problemleri ¢gdzmeleri istenir.
s Cozumler sinifla paylasilir.Sinifca secilen 3 problem poster haline getirilmesi

icin hazirlayan dgrencilere 6dev verilir.

1) Gercek Hayat Problemi 2) Problemin Matematiksel
Anlatimi

3) Matematiksel Problemin 4) Gercek hayat Probleminin

Coziimii Coziumii
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KIZIL EJDERHA
BOLUM I

Yasli Japon Bankaci Naga Kagiva ortaliktan
kaybolali 5 saat olmustu.Dedektif Selim Guickan Hilton

otelinin 506 nolu odasinda zengin bankacinin hizmetkari

Mr.Kyoto ve ortagi Can Acikeli’yi sorguluyordu..
“Din aksam yatagina kendi ellerimle yatirdim.” Dedi, Kyoto,

“llaclarini almasi icin bir bardak suyu da basucuna koydum.”

“Elbiseleri, valizi her seyi kaybolmus” dedi, Can Agikeli.
“Once kim fark etti ?” diye sordu, Selim Guickan.

-Can Bey haber verdi. Odaya girdiginde Mr.Kagiva’yl bulamamis, ben de

kahvaltisini hazirlamak: i¢in asagi restorana iniyordum.

Selim Gigkan: Odaya nasil girdiniz? Kapida zorlanma olmamis, size kapiy1 kim agti?
Can Acikeli : Kapi agikti. Garipligi zaten ilk anda fark ettim.

Selim Giigkan.(odadaki polislere donlp): Otel personelini sorguladiniz m1? Nereye
gittigini géren var mi?

Polis Memuru Sarp : Tim personelle tek tek gorustuk, ne bir géren, ne de bir duyan
var.

Dedektif Guckan odayi incelemeye basladi, yasli Japonun goézlikleri yataginin yani
basindaydi, yerde bir Uzakdogu halisi, yaninda da buyikce bir kutu vardi.

Selim Gligckan: Bu kutunun iginde ne var Mr.Kyoto?

Mr.Kyoto: Mr Kagiva bu taglari hep yaninda tasirdi. Benim ugurlu taslarim derdi, Bay
Guckan...Size de diin gostermisti ya Bay Acikeli!.

Can Acikeliz??? evet bir ara-g0sterdi, basit siyah mermer taslar...

Selim Glickan :Su kutuyu bir inceleyelim bakalim...

Kutunun Gzerinde Japon Havayollarinin

etiketi vardi. Ginderildigi yer : Yokohama

Alic1 : Mr. Kagiva, Iztanbul

Kutunun darasi : 12 g
Toplam kiHe ;
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BOLUM II

Etiketin son kismi yirtiimisti, yirtik kisim kutunun diger kapaginda

Kalmisti. Selim Glgkan kutunun igine bakti, siyah mermer kipler...

Gozleriyle hizli bir sekilde kipleri saydi 20 tane...uzerlerindeki kizil ejder

resimleri dikkatini ¢ekti, bir tanesini eline alip resme yakindan bakti. “Kayda
deger bir' sey yok.”dedi. Kutuyu kapatirken etiketin diger kismina géz ucuyla bakti:
“41kg 12.9”

yaziyordu. “ Buglnlik bu kadar yeter beyler ,¢cikalim ” Selim Glgkan
koridora ¢ikti, asansore yoneldi, kafasini kurcalayan bir sey vardi. Etikette onu
rahatsiz eden bir sey...Yanindaki polise dondu: “Cabuk bana bir terazi bulun, basit

bir sey...”

BOLUM IiI

Selim Guckan tasin bir tanesini tartti, tam 2 kg geldi. Baska bir tasi tartti o da 2kg’di.
Batun taglarin agirligr 2kg’di.Tasin Gzerindeki kizil ejderhanin Gzerine parmagiyla
bastirdl, tasta kiglk bir delik agildi, tasin ici bostu. Diger tasi aldi, ondaki ejderhaya
bastirdi, o delidin ici de bostu. “Hi¢ sasirmadim” dedi. Kyoto ve Can Acikeli’ye
dondd.

Selim Glickan: Ikinizi de sorusturma dahilinde tutukluyorum Beyler!

Selim Giligkan’i geriye dondiiren , Kyoto ve Can Agcikeliyi tutuklattiran delili

asagidaki adimlari izleyerek bulunuz.
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1.ADIM Hikayede belirtilen kigilerin tablosunu olusturunuz. (20 puan)

Hikayedeki Karakterin ismi Gorevi

2.ADIM Hikayedeki problemin ¢éziimiinde kullanilacak sayisal ipuglarini
yaziniz. (20 puan)

1o 1 PP

e U P

e 1 P

1o 1 PP

Ogretmeniniz tarafindan doldurulacaktir!!!

Problem Toplam
Cozme P Puan Puan Araligi
Basamaklari Oleut 1.Adim | 2.Adim (40 karsihigi
- tizerinden)
a |¥ Verilenleri
T Bulma
= @ U Problemi —
Anlama QOZ“”F ¢in
gerekli
ipuclarini
bulma
Not: Puan Araligi Karsiligi:
0 1 2
(0-10 puan) (11-30 Puan) (31-40 Puan)
Problemi Problemin bir kismini Problemi
tamamen yanlis yanlis anlamis veya tamamiyle
anlamis. yanlis yorumlamas. dogru anlamas.
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3.ADIM Buldugunuz ipuglarindan faydalanarak problemi ¢6ziiniiz.

& L]

Ogretmeniniz tarafindan doldurulacaktir!!!

Olgiitler Puan
Problemi 0 Hi¢ yanitlamamis
Cozme yada tamamiyle yanlis ¢ozmis.

islem basamaklarini géstermeden
sadece dogru yaniti yazmis.

1 islem hatasi yapmis.
Soruyu yanlis anladigi igin yanlis
yanitlamisg.
Soruyu kismen dogru yanitlamis.

2 Soruyu tamamiyle dogru yanitlamis.

4.ADIM Bu hikayedeki ipuglarindan faydalanarak bir matematik problemi
olusturunuz.

§ Ogretmeniniz tarafindan doldurulacaktir!!!

¥ Olgiitler Puan
®  Benzer bir 0 Hig¢ kurmamis veya
W problemi kurma tamamiyle yanhs bir

problem kurmus.

1 Kismen dogru bir
problem kurmus

2 Tamamiyle dogru bir
problem kurmus

« Problem ¢ézmenin énemi Uzerinde durulur.
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“Problem ¢6zmek neden bu kadar 6nemli?”
“Neden problem ¢é6zmeyi 6greniyoruz?” gibi sorular 6grencilere yoneltilir.
% Ogrencilerden “Cagimiz problem g¢ézme c¢agidir.” cimlesinden ne
anladiklarini iki i¢ cimleyle defterlerine yazmalari istenir.

+«» Asagidaki konular Gzerinde durulur.,

Problem ¢6zme; ne yapilacaginin bilinmedigi durumlarda yapilmasi
gerekeni bulmaktir

Gunlik yasam problemleri kisisel de olabilir, tim toplumu ilgilendiren bir problem de
olabilir. Ornegin;
> Istanbul’daki su sikintisi var ve bu problem kiiresel isinmayla birlikte giinden
gine artmakta. Su sikintisi gunliilk yasam problemi, tim toplumu
ilgilendiriyor, hayati 6nemi var.
» Bir adada kalan adam i¢in adada nasil hayatta kalacagi bir problem.
» Yemege koyulan yag, tuz miktari saglikli beslenme, damak tadimiz vs.

agisindan bir problem.

Matematik dersinde gunlik yasamda karsimiza c¢ikabilecek her turli problemi
¢cbzemeyiz ama problem ¢ozmeyi 6grendigimizde, burada 6grendiklerimizi gunluk
yasamda, farkh alanlardaki problemleri g6zmede kullanabiliriz. Bilgisayar oyunlarinda
basit bir oyunu oynamak igin gelistirdigimiz stratejileri daha zor ve karmasik bir

oyunu oynarken kullandigimiz gibi. Problem ¢6zmenin basamaklarindan bahsedilir.
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1) Ali Baba ciftliginde inek ve érdek beslemektedir. Ali baba’nin ciftliginde 54
tane hayvani vardir ve tim hayvanlarin ayak sayisinin 122 oldugu

bilinmektedir. Buna gore, Ali Baba'nin ciftliginde kag tane ordek vardir?

» Problemi Anlayalim:

*Verilenler:
i : *Ali Baba 6rdek ve inek beslemektedir.
fgﬁ? *54 hayvan
) *122 ayak
eistenenler:

Ordek sayisi=?

» Plan Yapalim:

Ordek ve inek sayisini tahmin ederim.

Bir tablo yapar, tahminlerimden yola ¢ikarak ayak sayilarini belirlerim.
Dogru cevabl buluna kadar mantikh ¢ikarimlarda bulunurum.

Tahmin ve Kontrol J Akl Yiiriitme J Tablo Yapma J

» Plani Uygulayalim:

inek Sayisi | Ordek Sayisi|Ordek Ayak [inek Ayak  [Toplam Ayak | Kontrol
Sayisi Sayisi Sayisi (122)

30 24 48 120 168 ¢cok

20 34 68 80 148 ¢cok

10 44 88 40 128 cok

8 46 92 32 124 ¢cok

7 47 94 28 122 ©

Kontrol Edelim:

47 x 2 =94 (Ordek Ayak Sayisi)
7 x4 = 28 (Inek Ayak Sayisi) 84 +28= 122 (Toplam Ayak Sayisi)
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2) ATV Haber Spikeri Senol Yazici Pazar aksami; “Pazartesi glinii 17°C olan
hava sicakhgi her gun iki derece artacak.” haberini vermigtir. Buna gore

Cuma glinu hava sicakligi kag derece olacaktir?

I.Problemi Anlayalim

II.Plan Yapalim

I11.Plan1 Uygulayalim

IV.Kontrol Edelim

3) Erdal 6gretmen matematik dersinde bir etkinlik
yapacaktir. Bunun igin elindeki ip parcasini, 25
makas darbesiyle es parcalara ayirir ve elindeki
parcalar hi¢c artmayacak sekilde &grencilerine

dagitir. ip almayan 6grenci kalmadigina gore;

Erdal 6gretmenin bu sinifta kag 6grencisi vardir?

|.Problemi Anlayalim

[I.Plan Yapalim

[ll.Plani Uygulayalim
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IV.Kontrol Edelim

4) Cem : Benim 19 tane oyuncak arabam var.
Sinan : Oooo ne kadar ¢okmus, benimkilerin 3 katinin

4 fazlasi...

Yukaridaki diyaloga gére Sinan’in kag arabasi vardir?

I.Problemi Anlayalim

II.Plan Yapalim

[ll.Plani Uygulayalim

IV.Kontrol Edelim

5) Baris Kirtasiyede 3, 5 ve 10 TL’ lik kalemler satiimaktadir. Okul ¢ikisi

cebindeki 12TL ile kirtasiyeye giden Ceren en fazla kag kalem alabilir?

|.Problemi Anlayalim

[I.Plan Yapalm

[ll.Plani Uygulayalim
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IV.Kontrol Edelim

6) Simdide size bir mantik sorusu:
Bir kutuda bulunan 6 es gérinimli topun 5 inin agirhdi birbirine esit digerininki

daha agirdir. Agir olan topu en az kag tartida ayirabilirsiniz?

I.Problemi Anlayalim

II.Plan Yapalim

[ll.Plani Uygulayalim

IV.Kontrol Edelim

7) Oya,asagidaki érlintliyl devam ettirmek icin sizden yardim istemektedir.Ona

yardimci olur musunuz?

A
a) F satirinda kac harf vardir?
’ ’ BBB
280 D W e ,
S b) Orintlinin hangi satirinda 19 harf cCCee

vardir?

444444

|.Problemi Anlayalim

[I.Plan Yapalim

[ll.Plani Uygulayalim
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IV.Kontrol Edelim

8) Mert, esi ve iki gocugu her hafta sonu tiyatro, sinema, sergi vb. etkinliklere

katilirlar. Bu hafta sonu “ Ferhat ile Sirin” adli eseri izlemek icin tiyatroya

gidecekler.Tiyatroya giris Ucreti yetiskinler icin 6 TL, cocuklar icin 4 TL dir.

a) Yukaridaki verileri kullanarak bir soru cumlesi yaziniz.

b) Tiyatronun bir gunlik toplam hasilatinin bulunabilmesi i¢in hangi bilgiye

ihtiyac vardir?

9) “Ucg kardesin yaglari toplami 36’dir. Bu kardesler 4’er yil ara ile dogduklarina
gore en buyukleri kag yasindadir?” Problemin ¢éziminde bos birakilan
basamaklari doldurunuz.

a) Adim:
b) Adim: 36-12= 24
c) Adim:
d) Adim: 8+8=16
10) Sahin Bey, ise gec¢ kaldigi igin evinin dnlnden

taksiye biner, taksimetrenin acilis Ucreti 1,50 TL dir.

Taksimetre her 200 metrede bir 30 Kr yazar. Sahin

Bey, taksiciye 1 TL de bahsis birakarak toplam 10 TL
verir. Sahin Bey'in igyeri evinden ka¢ kilometre

uzaklhktadir?
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Problem ¢dzlyorum calisma yapragindan segecediniz bir problem icin asagidaki

formu doldurunuz.
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