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ABSTRACT

MIDDLE SCHOOL STUDENTS' USE OF PROBLEM-SOLVING STEPS AND
THEIR STRATEGIES IN SOLVING WORD PROBLEMS

Alkan, C. Sinan

M.S., Department of Elementary Science and Mathematics Education
Supervisor: Assoc. Prof. Dr. Didem Akyiiz

September 2019, 177 pages

The aim of the present study was to investigate the middle school students’ use
of problem solving steps and their use of the strategies in the process of solution of
Problem-Solving questions related to topics of numbers generally.

The data was gathered in the fall semester of the 2017-2018 academic year.
The study sample included 116 (29 fifth graders, 29 sixth graders, 25 seventh graders,
and 33 eighth graders) middle school students in Konya, Turkey. Different Problem
Solving Achievement tests were used in the study for each grade level. In this study,
basic qualitative research design was used to answer the questions “To what extend
students use problem solving steps based on the identified framework?”” and “What are
the middle school students’ strategies in the word problems?”. Furthermore,
descriptive statistics was used to describe the data.

The results of the study revealed that in some word problems, students showed
their ability to use different strategies although the students generally preferred to use
the arithmetic strategy. At the same time, the research findings showed that the most
important deficiency of students was that they did not use real world knowledge and
experience in their solutions. They did not take into account the real relationships
between real-life contexts revealed by the problem statements and the operations they

carried out in the problem solution. According to the results of the study, most of the



students had difficulties in explaining their mathematical reasoning and making critics

related to real life problems.

Keywords: Problem solving, middle school, problem solving strategies
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ORTAOKUL OGRENCILERININ KELIME PROBLEMLERINDE PROBLEM
COZME ADIMLARINI KULLANIMLARI VE BU PROBLEMLERIN
COZUMLERINDE KULLANDIKLARI STRATEJILER

Alkan, C. Sinan
Yiiksek Lisans, Ilkdgretim Fen ve Matematik Alanlar1 Egitimi Boliimii

Tez Yoneticisi: Assoc. Prof. Dr. Didem Akyliz

Eyliil 2019, 177 sayfa

Bu ¢alismanin amaci, farkli sinif seviyelerindeki (5., 6., 7. ve 8. sinif) ortaokul
ogrencilerinin genel olarak sayilarla ilgili problem ¢6zme sorularmin ¢oziimi
stirecinde problem ¢6zme adimlarini kullanimlart ve kullandiklarn stratejileri
gozlemlemektir.

Calismanin verileri 2017-2018 akademik yili giiz doneminde toplanmuistir.
Calisma 6rneklemini Konya ilindeki 116 (29 besinci sinif, 29 altincr sinif, 25 yedinci
siif ve 33 sekizinci sinif) ortaokul 6grencileri olusturmaktadir. Her bir sinif seviyesi
icin farklt Problem Cozme Basar testleri kullanilmistir. Bu calismada arastirma
sorularina cevap vermek icin temel nitel arastirma yontemi kullanilmistir. “Ortaokul
ogrencileri ne dereceye kadar, belirlenen cerceveye dayali olarak problem ¢ozme
adimlarimi  kullaniyor? ve “Ortaokul 0Ogrencilerinin kelime problemlerinde
kullandiklar1 stratejiler nelerdir?” sorularina cevap vermek i¢in igerik analizi
yapilmistir. Ayrica verileri tanimlamak i¢in tanimlayici istatistikler kullanilmastir.

Baz1 kelime problemlerinde, Ogrenciler genel olarak aritmetik stratejiyi
kullanmay1 tercih etmelerine ragmen, farkli stratejiler kullanabilme yeteneklerini

gosterdiler. Ayn1 zamanda, arastirma bulgular1 6grencilerin en 6nemli eksikliginin
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coziimlerinde gercek yasam bilgi ve deneyimini kullanamadiklarini gostermistir.
Problem ifadelerinin ortaya koydugu gercek yasam baglamlari ile problem ¢éziimiinde

gergeklestirdikleri  islemler  arasindaki  gergek  iliskileri g6z  Oniinde
bulundurmamislardir. Calismadan elde edilen sonuca gore ¢cogu 6grencinin gercek

yasam problemlerindeki matematiksel akil yiiritme becerilerini kullanmada

zorlandiklar1 gézlemlenmistir.

Anahtar Kelimeler: Problem ¢6zme, ortaokul, problem ¢6zme stratejileri
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CHAPTER 1

INTRODUCTON

Many people think that mathematics is one of the subjects that makes life
difficult and unbearable (Arslan, Yavuz & Deringol-Karatas, 2014). Yet, mathematics
is one of the ways of understanding and loving life, and similar to many other
situations, loving something requires understanding it. In other words, we love what
we understand (Sertéz, 2011). Moreover, it is mentioned by Hagaman (1964) that
when students understand the meaning of what they are learning, they learn best as it
is also known by teachers through their own experiences and interests. We generally
exhibit negative thoughts and behaviors against situations we do not understand. Many
people have negative attitudes towards mathematics since they are not thoroughly able
to understand it. One of the most important reasons underlying student’ dislike for
mathematics is about self-confidence in issues related to problem solving skills
(Arslan, Yavuz & Deringol-Karatas, 2014). Mathematical problem solving has great
importance in school curriculum, and schools need to make mathematics more
understandable with the help of innovative instructional methods such as problem
solving based instruction. Currently, one of the essential goals of mathematics
education is the development of the ability of solving mathematical problems
(Shiakalli & Zacharos, 2014). For this reason, school programs focus on students’
problem solving skills (Zakaria, Haron, & Daud, 2010). Creative problem solving is
important to be successful in various areas of life (NCTM, 2000). Many countries
renewed their instructional programs to use the problem solving method. This is also
valid for all grade school programs in Turkey; problem solving has become a more
significant element of mathematics education (Yildizlar, 2001). In this context, one of
the main aims of Mathematics curriculum in Turkey is stated as “Mathematics
education should help individuals gain a language and systematic approach so as to

analyze, explain, estimate some experiences, and solve a problem” (MoNE, 2009).
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As Gagne stated, “The central point of the education is to teach people to think,
to use their rational powers, to become better problem solvers” (1980, p.85). Parallel
to Gagne, Jonassen (2000) also state that because all people regularly encounter
problems in their daily life and professional life, most psychologists and educators
consider problem solving as the most prominent learning outcome for life. People who
are better problem solvers are rewarded in their professional life unlike the people
memorizing information and completing examinations. Jonassen (2000) emphasized
that the curriculum does not encourage students to solve meaningful problems.

The few problems that students do encounter are normally well-structured

(story) problems, which are inconsistent with the nature of the problems they

will need to learn to solve in their everyday lives ("How can I get so and- so

to pay attention to me?"), professional lives ("What kind of marketing

approach is appropriate for this new product line?"), or even their school lives

("Should I spend the next two hours studying for my math exam or go outside

and play ball with my friends?") (Jonassen, 2000, p.63).

A major reason for this is the lack of comprehension of the breadth of problem solving
activities adequately to engage and encourage learners in them. Children often try to
remember a rule that is often used when they encounter a problem (Giir & Hangiil,
2015). The main goal of a teacher must be to teach the systematic of solving problems,
the problem solving strategies, and how to use them. The strategies used in the process
of solving problems have an important place in the literature (e.g. Montague &
Applegate, 2000; Che &Wiegert & Threlkeld, 2012; Neimark &Lewis, 1967; Durmaz
& Altun, 2014; Giir & Hangtil, 2015).

Some studies revealed that Problem Solving Based Instruction is important
because it is one of the most effective methods in mathematics education (e.g. Hembre,
1992; Ayaz & Aydogdu, 2009; Ozsoy, 2005). Problems can be seen in general sense
as a way to build a bridge between the real world and mathematics ( Van Dooren, Lem,
De Wortelaer & Verschaffel, 2019). Stacey (2005) emphasizes that students should
perform mathematical investigations by themselves and identify where the
mathematics they have learned is applicable in real life. This should be the main aim
of teaching. Hence, problem solving is one of the major goals of teaching mathematics,
but at the same time it is one of the most elusive concepts of mathematics (Stacey,

2005).



Furthermore, many studies have shown that there is a significantly positive
correlation between problem solving skills and student’s mathematics achievement
scores (Ozsoy, 2005; Karaoglan, 2009; Ozalkan, 2010). Van de Walle (2007)
emphasizes the importance of teaching with problems. For him, there are good reasons
for teaching with problems: Problem solving places the focus of the students’ on ideas
and sense making; develops the belief in students that they are capable of mathematics
and that mathematics makes sense; provides ongoing assessment data that can be used
to make instructional decisions, help students succeed, and inform parents; allows
various students an entry point; engages students so that there are fewer discipline
problems; develops “mathematical power”; and finally it is fun for all students. In
addition, in NCTM standards documents (1989) it is pointed out that “Solving
problems is not only a goal of learning mathematics but also a major means of doing
s0.... Problem solving is an integral part of all mathematics learning, and so it should
not be an isolated part of mathematics curriculum” (p.52).

It becomes more important to study on problem solving processes and
strategies as the emphasis on problem solving in mathematics education increases (Gtir
& Hangiil, 2015). The development of critical and creative thinking, the choice and
use of strategies, improving unique approaches and methods and using them, and the
application of real-life word problems in different settings by adapting knowledge are
provided with appropriate learning and teaching environments (NCTM, 1991; Brown,
2001). In her study Yazgan (2007) investigated the fourth and fifth grade students’
strategies to solve the word problems and Yazgan and Bintas (2005) observed fourth
and fifth grade students’ level of using problem solving strategies. In their study, it is
revealed that the 4™ and 5™ grade students could use some problem solving strategies
unconsciously even though they did not have any education on this strategies.
Furthermore, Sulak (2010) conducted an experimental study to investigate the effect
of problem solving strategies on problem solving achievement in primary school
mathematics. At the end of the study, she found that the experimental group in which
students have been trained about problem solving strategies was significantly more
successful in using strategies of making a drawing-diagram, making a table, etc.
(Sulak, 2010). Moreover, there are also studies on preservice elementary mathematics

teachers’ problem solving strategies preferences (Ozyildirnm Giimiis, 2015).



Furthermore, Giir and Hangiil (2015) worked on secondary school students’ problem
solving strategies to determine 6™ grade students’ use of problem solving strategies
and difficulties that they had in this process. Moreover, Beyazit (2013) conducted a
study to investigate the capability of 7% and 8™ grade students in using realistic
considerations, problem solving strategies and mathematical models.

In addition to national studies on this subject, there are many international studies.
A study conducted by Che, Wiegert and Threlkeld (2012) examined patterns in written
problem solving strategies of middle grade boys and girls for a mathematical task
related with proportional reasoning. Moreover, Csikos, Szitanyi and Kelemen (2012)
conducted a study that aimed to develop the knowledge of students about word
problem solving strategies by emphasizing the role of visual representations in
mathematical modeling. The feasibility, possibility and importance of learning about
visual representations in mathematical word problem solving in grade 3 were pointed
out in the study. In their study, using a large set of initial mathematics achievement
scores, mathematical problem solving strategies, and math attitudes, Ramirez et al.
(2016) revealed that children’s math anxiety (i.e., a fear or anxiety related to
mathematics) was negatively associated with their use of more advanced problem
solving strategies (Ramirez, Chang, Maloney, Levine & Beilock, 2016). In another
study, students’ problem solving strategies in a problem solving mathematics
classroom were investigated using an open approach including four phases as the
teaching approach (Intaros, Inprasitha & Srisawadi, 2014). Even though many
successful and related studies are conducted around the world, there is still
considerable need for a study to analyze how middle school students use problem
solving steps and which strategies are mostly preferred by middle school students from

different grade levels.

1.1. Significance of the Study
A student has to improve his/her ability to transform problem into
mathematical equations as s/he progresses in mathematics. On the other hand, this skill
is unnecessary for their problem-solving skills since most people in the world will not

use mathematical models to the extent that they are difficult (Durmaz & Altun, 2014).



Henderson and Pingry (1953, p.263) recommend that;

“Students should become aware that the process of solution is very important.
A student should develop the habit of trying several solutions. This will help
him avoid the mechanized approach of solving a problem by a formula-
applying, step-by-step procedure, as well as give the student a good check of
his answer. Teachers should give proper recognition and reward to the student
who does try several solutions or has searched until he has found an interesting
or neat solution.”

Hence, there is a great need to understand and use solving strategies. It can be said that
the results and findings obtained from the current study will contribute to the
clarification of the level of achievement of the students regarding the application of
problem solving and mathematical knowledge to daily life in the new curriculum
revised in 2018, and in this context, a better understanding of the present situation.
This study is also important for stakeholders such as the Ministry of National
Education (MoNE) and teachers. The theory of problem solving is substantially sterile
when it is taught separately from the implications and consequences (Henderson &
Pingry, 1953). That is, the essential theory of problem solving that is derived from
studies should be comprehended by teachers, and teachers should clearly notice the
implications of this theory for methods and procedures in the classroom.

This study was devised considering students’ use of problem solving strategies.
Recently, some research studies have been conducted on students’ beliefs about
problem solving (Stylianides, A. J., & Stylianides, G. J., 2014; Prendergast, Bray,
Faulkner, Carroll, Quinn & Carr, 2018), on problem based learning and its impact on
students’ achievement (Azer, 2009; Guven & Cabakcor, 2013), and on students’
problem solving and problem posing skills (Rosli, Goldsby & Capraro, 2013; Cai &
Hwang, 2019). As we can see, there are many studies on problem solving, but there is
a gap in the knowledge about students’ adequacy of the choice of appropriate strategy
and about the strategies used mostly in solving problems by the students from different
grade levels. Put differently, there are limited studies on students’ adequacy of
deciding on and using the appropriate strategy in solving problems. As a result of this
study, stakeholders may gain awareness into students’ preferences about problem
solving strategies. Correspondingly, teachers can better design their lessons, determine
the problems and strategies to be used, and implement problem based instruction

successfully in the regular elementary classes. Also, as it is stated by Lester (2013),



both the cognitive and metacognitive knowledge of teachers and students, as well as
their beliefs throughout the lesson will positively affect both the effectiveness and
nature of instruction. Santos-Trigo (1998) states that Schoenfeld (1994) spent a lot of
time to select, formulate, and redesign the problems to be used in mathematics classes.
Mathematics class should provide an environment in which students are continually
asked to make explanations and communicate their ideas to other students (Santos-
Trigo, 1998). The questions of “What is true? What do the examples we look at
suggest? How can it be done?” etc. encourage students to express what they are
thinking, organize their ideas, and ensure persuasive arguments to defend their
predictions.

It is believed that in the light of the results of the current study, questions on
teachers’ mind about which problem solving strategy should be emphasized for each
grade level would be eliminated. Indeed, research might provide useful information
for teachers on what type of strategies the students prefer and draw on to solve
problems. In addition, this study might also offer good practices for mathematics
curriculum in Turkey. To develop students’ problem solving and analytical thinking
abilities, the MoNE can integrate problems in accordance with students’ need and level
into school curriculum to create better classroom environments. The MoNE can
examine the findings of this study on students’ use of problem solving steps when they
face the word problems in the school curriculum, and in this way, it can implement the
problem based learning in classroom setting better and more efficiently. In this study,
the content area was determined as “Numbers”. The study investigates the choice of
problem solving strategies of students from different grade levels and observes their
competence in using these strategies. The sample included 5%, 6™, 7" and 8™ grade
students from a public middle school, and data was gathered in the first semester of

the 2017-2018 academic year.

1.2. Aim of the Study
The aim of this study was to investigate the middle school students’ use of
problem solving steps and use of the strategies in the process of solution of Problem-

Solving questions related to topics of numbers.



1.3. Problem of the Study

Two main questions are addressed in the study are:

RQ1: “To what extend students use problem solving steps based on the identified
framework?”

RQ2: “What are the middle school students’ strategies in the word problems?”

1.4. Definition of Important Terms

Problem: The ability to convert the word into numerical information and being able to
comprehend the relationship between these numbers (Montague, 2003). In general
terms, in a problem, the solution path is previously unknown, and the solution is not
considered obviously (MoNE, 2009).

Problem-Solving: refers to applying the solution method to a task that is not clearly
visible (NCTM, 2000).

Problem-Solving Achievement Scores: It refers to the scores obtained from Problem
Solving Achievement Tests. Problem Solving Achievement Tests include six real-life
situation word problems related to the concepts of numbers.

Use of Problem-Solving steps: This statement refers to the students’ use of problem
solving steps based on the identified framework. Five sub-questions were given to the
students under each word problems in the Problem-Solving Achievement Tests to
observe how they can use the problem solving steps which are understanding the

problem, making a plan, implementing the plan, and control of the solution.



CHAPTER 2

LITERATURE REVIEW

This chapter aims to review the relevant literature related to national
elementary mathematics curriculum, what problem and problem solving is, the
importance of problem solving, the problem solving strategies, and the research studies

on problem solving.

2.1. What Does “Problem” Mean?

The definition of problem can vary from person to person. For this reason, there
are many different definitions about what a problem is. All of us have a problem, but
a situation that is a problem for one person may not be a problem for another person.
Hence, a task assigned to a student may or may not be a problem for that student.

First, in some definitions of problem, the expression ‘uncertainty of the
situations’ 1s emphasized. According to the Shergill (2012) “problem is a situation in
which there is a discrepancy between one’s current state and one’s desired goal state,
with no clear way of getting from to the other” (p.296). In addition to this, Booker and
Bond (2008) define problem as a task or situation for which there is no immediate and
obvious solution. In parallel with them, Posamentier and Krulik define problem as “a
situation that confronts a person, that requires resolution, and for which the path to the
solution is not immediately (underlined by the researcher) unknown” (1998, p.1).
Similarly, Polya (1962) also defines problem as “to search consciously for some action
appropriate to attain a clearly conceived, but not immediately attainable, aim”. In these
definitions, the main focus is that a task can be defined as a problem if it has no
immediate solutions and it has an uncertain situation. That is, these given definitions
point out that when solution is known in a mathematical task, it will not be a problem
already.

Another aspect of problem is that uncertainty is not the only characteristic for a



situation to be called as a ‘problem’. At the same time, student must accept the
unknown situations as a question to be solved (Herlihy, 1964). These are also the types
of problems that will be focused on in this study. It can be said that when the solution
of the "problem" is made a goal for students, then "problem" becomes really a problem
for them. In this respect, Henderson and Pingry (1953) argue that not every suggested
question to be solved is a problem. Henderson (1953) points out that a problem exists

for a particular individual when three essential conditions are satisfied:

1) having a clearly defined goal which someone is consciously aware of,

2) being insufficient for removing the block of the path toward the goal, and for
fixing patterns of behavior or habitual responses,

3) becoming aware of the problem, being able to define it more or less clearly,

identify various possible solutions, and testing these for feasibility.

There is a problem for an individual unless he has an appropriate answer form habit,
or he sees relationships in the conditions. Especially for a gifted student, in every
mathematics class, just few "problems" are really problems in an assignment. Indeed,
certain types of tasks have some non-routine aspects, while they have highly routine
aspects as well. A given task may be a routine procedure to a person, while another
person may not have a routine operation for that task; even when working on
algorithms, a student may behave in an “automatic” manner, whereas the other may
think at each stage about why that stage is needed (Mamona-Downs & Downs, 2005).
Briefly, a problem may really be a problem for a student, while that the same problem
may be just an exercise for another student, and it may be a frustration for the third
student (Henderson & Pingry, 1953).

Jonassen (2000) points to two critical attributes of a problem: “First, a problem
1s an unknown entity in some situations (difference between a goal state and current
state), and second, finding or solving the unknown must have some social, cultural, or
intellectual value” (p.65). Word problems do not usually follow the typical language
and structure associated with textbook vocabulary problems (Grischenko, 2009). That
1s, especially in social and cultural matters, a situation is supposed to be feel a necessity
to detect an unknown to be considered as a problem. Also, in mathematics, to consider

a question as a problem, the person to solve the question must feel the need to solve



the problem.

From these different aspects of problems, we can conclude that if a situation,
which can vary from algorithmic mathematics problems to social problems we face in
our daily life, challenges students and it is worth to solve, then it can be called as a
problem. In mathematics, number operations that require simple calculations such as
4 + 5 =9 is different from problem. Questions should encourage students to think and
form relations between the topic and method by using prerequisite knowledge. Hence,
in solving a problem, just having necessary knowledge is not sufficient. To be aware
of the knowledge’s applicability in the activity of problem solving, a problem solver
must also possess “meta-knowledge” which has two main components: integrating the
knowledge by making special formulations of the knowledge which will foster the
identification of particular kinds of applications and improving executive control while
solving to direct the argument to a situation where an application can be made
(Mamona-Downs & Downs, 2005). Related with that point, Zeitz (1999) highlights
the difference between mathematics problems and exercises that can be solved easily
and immediately with simple calculations and that do not need any puzzling about
what techniques to use. In other words, a problem requires thinking critically and
resourcefulness before finding out the appropriate approaches.

Besides all these definitions, Grischenko makes a more superficial and general
definition. According to Grischenko (2009), most word problems in textbooks are
verbal translations of symbolic exercises that can be easily solved without much effort.
In other words, word problems are any math exercises where significant background
information is presented as text rather than in mathematical notation (Boonen, Schoot,
Wesel, Vries & Jolles, 2013).

All these types of problems require the use of problem solving strategies.
During the process of solving problems in this study, students are required to use the
problem solving strategies and the four-step approach to problem solving as defined
by George Polya (1957). The four-step approach and problem solving strategies are
described in more detail after the definition of problem solving. Finding the unknown,
1.e. obtaining the solution, is the problem-solving process. As we can understand, even
though there are various definitions and statements about what a problem is, there is

no one way and absolute solution to solve a problem. As Lester (1994) states, problem
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solving is even more than the reminiscence of the facts or the appeal of well-learned

procedures.

2.2. What is “Problem Solving”?

Problem solving has an important place in teaching of mathematics
(Posamentier, Smith & Stepelman, 2006). There are various answers to the question
of “What is problem solving?”, since it is related with personal interest and philosophy
(Mamona-Downs & Downs, 2005). As in defining the problem, problem solving can
also be defined differently depending on the research and how the researcher will use
it. According to the NCTM (2000), problem solving is “engaging in a task for which
the solution method is not known in advance, so, students must draw on their
knowledge in order to find a solution, and through this process, they will often develop
new mathematical understanding” (p.52). Therefore, students who are learning
mathematics also learn how to investigate and explore various types of problems.
Shergill (2012) states that problem solving is overcoming a difficulty by planning a
strategy and implementing it to achieve the goal. In addition, very similar to this
definition, problem solving is defined by Martinez (1998) as a process of moving
toward a goal when the path to that goal is uncertain.

When these definitions are examined, it is seen that the process of reaching a
solution is highlighted in defining problem solving. As it is also stated by the NCTM
(2000), “The essence of problem solving is knowing what to do when confronted with
unfamiliar problems” (p.259). In other words, problem solving takes place if a solution
strategy is not immediately clear and apparent (DeVault, 1981). In solving a problem,
we can reach the solution in more than one possible way. Shiakalli and Zacharos
(2014) mentioned that at the same time, a number of answers to a problem should be
accepted and opportunities to check these answers should be given to students since
seeking new solutions to a mathematical problem should bring about the development
of students’ autonomy: defending their selections, discussion of concerning strategies
developed and used, and classification of solutions and assessment of the strategy used.
Neither the repeated use of school practices nor the memorization of rules and methods
is the basis for solving a problem (Shiakalli & Zacharos, 2014). Jonassen points out
two aspects of problem solving: “(a) problem solving requires mental representation

of the situation in the world, and (b) problem solving requires some activity-based
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manipulation of the problem space”. Turkish Ministry of Education emphasizes that
problem solving involves the skills necessary to solve the problems that will be
encountered by students in their lives (MoNE, 2005).

Moreover, Krulik and Rudnick (1987) define problem solving as "the means
by which an individual use previously acquired knowledge, skills and understanding
to satisfy the demands of an unfamiliar situation" (p. 4). Someone should know the
related subject well to solve a problem. Students are usually very good in tests
requiring direct knowledge, but they exhibit very poor performance in problem solving
tests, and this situation shows that knowing how to apply knowledge is at least as
important as having knowledge itself (Mamona-Downs & Downs, 2005). Anderson
(1980) argues that problem solving is the series of any target-focused cognitive
process. For this reason, solving a problem necessitates the mental representation of
the case. Like Anderson (1980), Jonassen (2000) also states that mental construction
of the problem space is the most critical for problem solving.

In problem solving based lessons, teachers need to guide students during the
problem-solving processes (Van de Walle, 2010). Polya, Bransford and Stein, and Van
De Walle (2010) analyzed Polya’s four problem solving steps which are stated in his

famous book “How to solve it”:

1. Understanding the problem
Making a plan

Implementing the plan

> » b

Looking back and extending the problem

Understanding the problem involves being aware of what is given and what is to be
found out in the problem after reading the problem carefully. It is stated by Mamona-
Downs and and Downs (2005) that the reading of mathematics texts is a significant
element in problem solving. After the comprehension of the problem, what is given is
organized, and an appropriate strategy is chosen to solve the problem. Then, the
process continues with the implementation of the plan (doing the operations). And
finally, in the fourth step, the solution is checked to ensure its correctness.

After analyzing the problem solving model of Mevarech and Kramarski (1997),
the model of Bransford and Stein (1984), and the framework of Garofalo and Lester
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(1985), they were synthesized and compared, and categories for coding the data were
decided. Each model or framework was presented, described, and organized with
regard to main headings and was synthesized and merged by the researcher in order to
select the categories. Figure 2.1 presents the Mevarech and Kramarski’s meta-
cognitive instructional model of problem solving (2006). Figure 2.2 is the presentation
of the problem solving model of Bransford and Stein (1984). The Cognitive and
Metacognitive Framework of Garofalo and Lester (1985) is given in Figure 2.3. In the
domain of mathematics, meta-cognitive refers to a student’s awareness of his or her
ability of what s/he is thinking about and selecting a helpful thought process. It helps
students to analyze their way of thinking, whether they have high self-awareness, and
whether they can control their ideas and select the appropriate strategy for the given
task.

Mevarech and Kramarski’s problem solving model (1997) helps teachers
examine students’ process through the task and strategy knowledge so that problem
conditions, selection and organization of strategies, actions and progress, evaluations
of plans, review of plans, and control of results can be observed. The main headings
of all the problem solving models and the framework used in this study are based on

the work of Polya (1957).

Introducing the new concepts
Meta-cognitive questioning
Practicing

!

Reviewing
Obtaininimastery

Verification

Enrichment and remedial

Figure 2.1. Meta-Cognitive Instructional Problem Solving Model of Mevarech and Kramarski
(1997).
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The problem solving model of Mevarech and Kramarski (1997) is less procedural. In
the meta-cognitive instructional model, new concepts are introduced to class and
students are provided to work in small groups. In that progress, students alternate with
asking and answering three various metacognitive questions which are comprehension
questions, strategic questions, and connection questions. With the comprehension
questions, the main ideas in the problem are tried to be understood. What is given and
what is asked in the problem is tried to be determined and the definition of terms in
the problem is discussed. Appropriate strategies for solving the problem are decided
with the strategic questions. Last, connection questions aim to establish connection
with the previously solved problems. In the practice part, the problem is solved in
accordance with the solution plan and the problem solving strategies determined in the
Meta-cognitive questioning previously. In the review section, whether the solution
plan was implemented correctly, and the accuracy of arithmetic operations are
evaluated. After the review part, the subject is fully conceptually mastered in the
section of obtaining mastery. The verification section corresponds to
checking/controlling the solution. In this section, students are expected to prove the
correctness of their solutions and explain why their answer was correct. Finally,
Enrichment and Remedial section has the same purpose as Polya’s problem posing
phase. Students are expected to pose new problems related to the problem solved. In
addition, if there are deficiencies and disruptions in the problem solving process, it is
tried to be revised and improved in the enrichment and remedial section. This model
is based on peer interaction, and students’ mathematical achievement and thinking
abilities can be improved as a result of the feedback and corrections they give to each
other. A study conducted by Mevarech and Fridkin (2006) examined the effects of the
meta-cognitive instructional model “IMPROVE”, and results indicated that

IMPROVE has significantly positive effects on students’ mathematical achievement.
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Problem
solving

Examine

\Optlons

Figure 2.2. Problem Solving Model of Bransford and Stein (1984).

In this model, problem solving is thought as a uniform process of ldentifying potential
problems, Defining and representing the problem, Exploration of the suitable strategy,
Acting on those strategies and Looking back. This instructional problem solving model
is similar to the work of Polya when it is compared with other model and the
framework. The work of Bransford and Stein (1984) is more procedural when it is

compared with the other two frameworks.

ORIENTATION: Strategic behavior to assess and understand a problem
A. Comprehension strategies

B. Analysis of information and conditions

C. Assessment of familiarity with task

D. Initial and subsequent representation

E. Assessment of level of difficulty and chances of success
ORGANIZATION: Planning of behavior and choice of actions
A. Identification of goals and sub goals

B. Global planning

C. Local planning (to implement global plans)

EXECUTION: Regulation of behavior to conform to plans

A. Performance of local actions

B. Monitoring of progress of local and global plans
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C. Trade-off decisions (e.g., speed vs. accuracy, degree of elegance)
VERIFICATION: Evaluation of decisions made and of outcomes of
executed plans

A. Evaluation of orientation and organization

1. Adequacy of representation

2. Adequacy of organizational decisions

3. Consistency of local plans with global plans

4. Consistency of global plans with goals

B. Evaluation of execution

1. Adequacy of performance of actions

2. Consistency of actions with plans

3. Consistency of local results with plans and problem conditions

4. Consistency of final results with problem conditions

Figure 2.3. Cognitive-Metacognitive Framework of Garofalo and Lester (1985).

Garofalo and Lester’s (1985) framework differs from others in that their framework is
closely in the same line with Polya’s work, in which the instructional technique is a
step-by-step logical procedure. When Garofalo and Lester’s framework has been
examined, it has been seen that four main problem solving steps which are orientation,
organization, execution and verification have been pointed out. However, when
compared with the four problem solving steps of Polya, it could be observed that the
aims and objectives of problem solving steps in that framework were developed and
defined more clearly. In each step, the process was examined in more detail and a more
conceptual and procedural learning environment was established for students. For
example, in the verification step, unlike the corresponding control and check step of
Polya, the evaluation of decisions made was conducted alongside the outcomes of the
executed solution plans. The adequacy of representation, adequacy of organizational
decisions, consistency of local plans with global plans, and consistency of global plans
with goals are involved in the evaluation of orientation and organization, and the
evaluation of execution involved the adequacy of performance of actions, consistency
of actions with plans, consistency of local results with plans and problem conditions,
and consistency of final results with problem conditions. Pieces of this framework and

previously mentioned problem solving models serve as a conceptual framework in this
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study for analyzing cognitive processes evoked during the mathematical problem
solving process.

One of the important points of the problem solving process is to decide on the
appropriate problem solving strategy at the stage of planning to reach a solution after
understanding the problem. In the next section, the necessity of problem solving

strategies is discussed in detail and different problem solving strategies are introduced.

2.3. Problem Solving Strategies

Skills such as interpreting information, planning and working methodically,
checking solutions and trying alternative strategies are required in solving problems
(Muir, Beswick & Williamson, 2008). There are also strategies in solving problems.
As Posamentier and Krulik state, it is rare to use all the strategies and not solve a
problem. Also, it is equally rare that in solving a problem, a single strategy is used
(1998). Fadlelmula (2010) maintains that an effective problem-solving process
involves identifying components of the problem, understanding what information is
missing, developing an effective strategy for solution of the problem, implementing
the chosen strategy, knowing when and how to try an alternative strategy, and
evaluating whether the results and the decisions taken are relevant or not. That is to
say, he points out that choosing an appropriate strategy and using it have an important
place for an effective problem solving process. Indeed, “Learning mathematics goes
beyond studying rules, procedures or algorithms, it involves the use of both heuristics
and metacognitive strategies to solve problems, the use of various presentations to
make sense of information, and the search of mathematical connections or applications
in different contexts” (Santos-Trigo, 1998, p.631).

Hohn and Frey (2002) conducted a study in which 223 elementary students
participated. The study revealed that students benefited from a simple heuristic
strategy, and the use of it resulted in improved problem solving skills. In addition, it
was concluded from the study that the acquisition of the heuristic approach compared
to the traditional textbook approach resulted in a more superior learning rate.
Therefore, instead of using pre-printed knowledge, instruction should put emphasis on
the discussion of various strategies in the process of solution of the problem to improve
unsuccessful approach. Besides, becoming familiar with various problem solving

strategies and practicing using them enable students to solve mathematical problems
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related to everyday life situations by introducing problem solving strategies in both
mathematical and real life situations (Posimentier & Krulik, 2008). How students
approach these relationships and how they use this discovery effectively when they
face unfamiliar situations determine their problem solving ability (Herlihy, 1964).
Teachers who prefer direct instruction think that teaching is a simple change in
students' long-term memories, while teachers who are part of constructivist teaching
think about how they can help students choose and use the right path and strategy in
the process of problem solving (Gresalfi & Lester, 2009). For this reason, it is crucial
for teachers to give prior attention to encourage students to use variety of problem
solving approaches and techniques (Herlihy, 1964). One of the vital roles of
mathematics teachers is helping the students find out numerous problem solving
strategies to use in solving mathematical problems which contain relationships with
real life situations. Choosing the appropriate problem solving strategy is definitely one
of the important components of being successful in problem solving (Ersoy, Giliner,
2015).

Furthermore, based on his experiences and knowledge, Lester (2013)
emphasizes some skills that teachers must have in teaching problem solving. One of
these is to pay attention to and be familiar with the methods and strategies students use
to solve problems. Posamentier and Krulik (1998) describe ten problem-solving

strategies as illustrated in Figure 2.4.
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10.

. Working backwards: In this strategy, solution starts from the last step and

moves toward a beginning point (Posamentier & Krulik, 1998).

Finding patterns: In this strategy, a pattern is found by using the given
series of numbers (Posamentier & Krulik, 1998).

Adopting a different point of view: Looking at the problem from a different
aspect when solution could not be obtained through the way that can be
seen easily (Krulik & Rudnick, 1987).

Solving a simpler, analogous problem: Finding out the solution by using
solution of a simpler similar problem (Krulik & Rudnick, 1987).
Considering extreme cases: In this strategy, the problem solver considers
the extreme values of the known problem (Krulik & Rudnick, 1987).
Making a drawing: In this strategy, the problem solver pictures the known
by using schemes, tables, charts etc. to reach the solution (Krulik &
Rudnick, 1987).

Intelligent guessing and testing: In this strategy, a value is guessed to find
out the solution, and the value is tested to understand whether it is right or
not (Krulik & Rudnick, 1987).

Accounting for all possibilities: In solving a problem, the problem solver
considers all possibilities of the problem situation (Krulik & Rudnick,
1987).

Organizing data: In this strategy, the problem solver organizes all the given
values to reach the solution (Krulik & Rudnick, 1987).

Logical reasoning: In this strategy, to find out the solution relation of the
knowns and unknown was analyzed (Krulik & Rudnick, 1987).

Figure 2.4. Problem-Solving Strategies described by Posamentier and Krulik (1998).

As understood from the figure above, there is hardly just one unique way of solving a
problem. There are various studies about the effectiveness of problem solving
strategies and students’ use of problem solving strategies during the class (Durmaz

&Altun,

2014; Gir & Hangiil, 2015; Jiang, Hwang & Jai, 2014). In the study
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conducted by Durmaz and Altun (2014), the 6, 7 and 8™ grade students’ level of use
of non-routine problem solving strategies and whether there is a relationship between
the scores obtained by using these strategies or not without any instruction about
problem solving strategies are explored. For this purpose, 118 secondary school
students did a problem-solving test that was composed of one problem appropriate for
each strategy. Also, it was investigated whether there is a difference between the
grades in terms of the level of use of strategy. The results of the study indicated that
while the making a table, elimination and drawing a diagram strategy has the lowest
percentage of use, extraordinary division problem and looking for a pattern had the
highest percentage among the strategies. Another study about problem solving
conducted by Giir and Hangiil (2015) aimed to determine 6™ grade students’ use of
problem solving strategies and the difficulties they face in the process of solving
problems. Twelve 6 grade students from a public school participated in the study.
The problem test included 7 problems which were taken from some mathematics
websites and PISA as the data collection tools. The study revealed that all the
participants correctly solved the problems using the strategies “look for a pattern, start
at the end, use an equation and make an organized list”. Two students could not solve
the problems using “draw a diagram and divide and conquer” strategies. The problems
including “guess and check” strategy could not be solved by three students. In addition,
the research has shown that students had some difficulties when they used the “guess
and check” strategy, and they spent a lot of time on the problem using the “divide and
conquer” strategy.

Another study conducted by Jiang, Hwang and Jai (2014) examined the use of
problem solving strategies in solving 14 speed problems and evaluated the
performance of a total of 706 sixth grade students (361 Chinese and 345 Singaporean
students). To provide a useful perspective on the differences between these groups
from two distinct countries in East Asia that have high performance, students’
preparations and problem-solving strategies were focused on. In other words, the study
aimed to reveal the thought processes and the use of strategies of Chinese and
Singaporean students on the topic of speed during the problem solving process. The
analysis of the strategies showed that even though a limited variety of strategies were

used by Chinese sample, algebraic strategies were used more frequently and more
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successfully by the Chinese sample than the Singaporean sample. Moreover, the use
of the model drawing strategy of the Singaporean sample led to a performance
advantage in one problem about converting multiplication/ division of fractions into
multiplication/division of whole numbers.

Another study conducted by Swanson, Lussier and Orosco (2013) investigated
the role of strategy instruction and cognitive abilities in the accuracy of solving word
problems in students with math difficulties. 120 third grade students participated in the
study. Students were randomly assigned to four conditions which are general
heuristics, visual-schematic, general heuristics + visual schematic, and untreated
control group. As a result, the study showed that the posttest performance on measures
of problem solving accuracy, calculation, and identification of components of problem
solving of students with mathematics difficulties was promoted. In addition, a study
conducted by Santos-Trigo (1998) focused on the identification of the problems’
qualities used to corroborate the improvement of student strategies and values that
reflect mathematical practice in the classroom. In other words, the study aimed to
discuss the aspects concerned with the implementation of problem solving activities
in the classroom. The study revealed that teacher should create a classroom
environment where students are coherently asked to (a) work on tasks which propound
diverse challenges; (b) debate the significance of using diverse types of strategies
including the metacognitive strategies; (c) participate in small and whole group
discussions; (d) return on feedback and challenges that come along from interactions
with the instructor and other students; (e) communicate their ideas by writing and
speaking; and (f) search for connections and extensions of the problems. So far, the
concepts of problem and problem solving have been defined and problem solving
strategies have been explored. In the next section, the importance of problem solving

is discussed.

2.4. Importance of Problem Solving

"Fortunately - or unfortunately depending upon one's point of view - life is not simple
and unchanging. Rather, it is changing so rapidly that all we can predict is things will
be different in the future. In such a world, the ability to adjust and to solve one's
problems is of paramount importance" (Henderson & Pingry, 1953, p.233). Martinez
(1998) thinks of problem solving ability as the cognitive passport to the future. In other
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words, need for the ability of problem solving increased considerably in our real life,
jobs, even in our daily life, since the world in which we live is going more complex
day by day. When students graduate and/or get a job, they will clearly encounter
problems at work or in their further education life. When we look from this aspect, in
the field of mathematics, most teachers spend great effort to teach how to solve
problems. For students, it is important to be able to succeed in this changing world and
be ready for new and unusual situations as well as making the familiar processes fast
and effective. We know that students must face with problems to become a better
problem solver since studying processes is the only way to learn how to solve problems
for students. Booker and Bond (2008) state that students should see mathematics as a
way of thinking instead of as a means of providing true or wrong answer to be judged
by a teacher. Moreover, word problems in mathematics classrooms motivate students
and help them to assess their intelligence and mathematical skills, to improve their
creative and heuristic reasoning, and to develop new mathematical concepts and skills.
For these reasons, word problems should be included in the elementary school
mathematics curriculum and students should develop the problem solving skill to
know when and how to use mathematics in real life situation (Van Dooren, Lem, De
Wortelaer & Verschaffel, 2019).

It is commonly argued by teachers whether mathematics courses should
contain more problems or not. Some teachers want their students to experience and
solve as many problems as possible while some teachers want their students to be
confronted with few real-life word problems. Considering the first argumentation,
Henderson and Pingry (1953) state that students will learn generalizations which will
enable them to transfer their ability of solving problems to new problems if they study
the process of solving problems as an end in itself. Focusing on problem solving in
lessons will lead to the development of high thinking level of students (Ersoy, 2016).
Therefore, students should be provided to perform self-learning in mathematics
lessons with problem solving process since most of learning comes forward as a result
of problem solving process. Problem solving has a crucial place in mathematics
education. Moreover, it is said that both pre-formulated ‘problems’ and real-life
‘problems’ have their place in mathematics education. Verbal problems can become

real ‘problems’ if the teacher chooses the ‘problems’ carefully with respect to students’

22



level of learning and s/he can ensure that students can identify themselves with these
problems (Henderson & Pingry, 1953). Verbal problems are good practice materials
on which students can apply the principles and processes of solving problem that they
have learned. Also, word problems help students to improve problem solving abilities
(Jiang, Hwang & Cai 2014).

Hagaman (1964) examines two kinds of meanings in arithmetic which are the
intrinsic meaning of the quantitative relationships which emphasize the abstract
mathematical thinking and the functional meaning connected with students’
experiences. He believes that word problems that emphasize the functional meaning
of arithmetic are used to provide additional motivation or a familiar setting for the
better understanding of certain operations. Another important point is that students’
contextual knowledge can be advanced with story-related (real life situation)
problems, instead of presenting problems symbolically using only mathematics
symbols, numerals, variables (Rittle-Johnson & Koedinger, 2005). Verbal problems
aim to teach generalizations relative to method and the process of solving problems,
while exercises including fundamental operations and the practice of theorems are for
teaching the basic mathematical concepts. Word problems can help students to
improve their problem solving skills and creativity, and they motivate students to
realize the significance of mathematical concepts by providing practice with real life
problems (Chapman, 2006). Muir, Beswick and Williamson (2008) also stated that
problem solving is an important mechanism for enhancing the skills of thinking and
communicating and for instilling deep understanding in students.

Needless to say, teachers must also understand problem solving before they
teach it. On the grounds of considerable evidence obtained from studies, it can be said
that many mathematics teachers have lack of understanding of problem solving. A list
of problems such as ‘velocity problems’, ‘age problems’, ‘interest problems’, ‘profit —
loss problems’ are given to the students to show them how to solve these types of
problems, and they generally use memorized techniques instead of performing the
problem solving process (Henderson & Pingry, 1953). Students’ choice of the
appropriate strategy, development of the use of strategy, and generating different
solutions can be improved by problem solving and by teachers who know about the

problem solving process (Ersoy, 2016).
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Problem solving is described as the main goal or as a way of achieving a
broader goal of achievement in school mathematics in the official curriculum
documents of Australia, the UK, the USA and Singapore (Stacey, 2005). Turkey is
also taking part in these reform movements and making changes in the nature of
elementary school curriculum. When the results of formerly carried out major
international studies such as TIMSS (1999), PISA (2003) and PISA (2006) are
examined, it is seen that the revision in the content of the elementary school curriculum
is inevitable. Those international studies revealed the deficiency of quality in
mathematics and science education at the elementary level. After the analysis of these
formerly carried out international exams, at the elementary school and secondary
school levels, sometimes considerable and sometimes superficial changes have been
made over the last fifteen years. The changes in Turkish education system are like
those in other countries such as the US, the UK, Singapore, Ireland and Holland
(Babadogan & Olkun, 2006).

Mathematical competence is the development and application of mathematical
thinking to solve a number of problems in everyday life. The process built on sound
arithmetic skills emphasizes the activity and knowledge. The ability and willingness
to use different degrees of mathematical thinking modes (logical and spatial thinking)
and presentation (models, graphs and tables) indicate mathematical competence
(MoNE, 2018). In this respect, the reviewed mathematics curriculum aims that
students can learn by exploring, become better problem solvers, improve analytical
thinking and use ability of problem solving in their daily life. It can obviously be
observed that more importance is given to problem solving skills in the recent (2003,
2009, 2013, 2017 and 2018) renewed mathematics curricula. Ministry of National
Education (MoNE) explains the importance of problem solving as follows:
“Mathematical knowledge and skills will be more meaningful, and it will be easier to
apply this knowledge to different situations. Word problems should be included in the
mathematics course. These problems can be solved by using more than one strategy or
different types of results are obtained” (MoNE, 2009). One of the main objectives of
mathematics education is to improve students' problem solving skills. From this point
of view, problem solving has an important place in the secondary school curriculum,

and it is considered as a basic skill that should be developed for each subject within
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the curriculum. It is also suggested that problem solving should sometimes be
considered as a teaching approach or as a learning tool (MoNE, 2013, p.3). In the
Elementary School curriculum of the Ministry of National Education (2013, p.8), the
principles of teaching approaches in the program were listed. Some of those principles
of teaching approaches in the program were using problem-based learning
environment and ensuring the active participation of students in the course, meaningful
learning, and realistic learning environments. When these principles are briefly
reviewed, it can be understood that they can be met by the problem-based instructional

method.
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CHAPTER 3

METHODOLOGY

The main aim of this chapter is to give information about research design and
procedures used in the study in seven main parts which are population and sample,
data collection instruments, data collection procedure, data analysis, assumptions and

limitations, and internal and external validity.

3.1. Research Design of the Study

The study aims to investigate the middle school students’ use of problem
solving steps and the use of strategies to solve the word problems related to numbers.
Understanding how people make sense of their experiences, how they construct their
world, and what meaning they attribute to their experiences were the purposes of a
basic qualitative research (Merriam, 2009). In addition, data is collected via
observations, documents and interviews in a basic qualitative research (Merriam,
2009). In this study, basic qualitative research design was used to answer the questions
“To what extend students use problem solving steps based on the identified
framework?” and “What are the middle school students’ strategies in the word
problems?”. To investigate students’ use of problem solving steps during the problem
solving processes and students’ tendency to use problem solving strategies, students’
worksheet were examined in detail. Content analysis of the written documents
obtained from the students was carried out. Furthermore, descriptive statistics was
used to describe the data. Descriptive statistics helps researchers to summarize the
overall tendencies in the data and to provide an understanding of how varied scores
might be (Creswell, 2002). Descriptive statistic (means, standards deviations) was
calculated for the independent variable “grade level”. The Problem Solving
Achievement Tests were assessed using a rubric which was developed by the

researcher and two mathematics teachers after the review of the related literature.
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Scoring for correctness was done using a 0-1-2-3 scale. If a student gave a completely
correct solution, 3 points were given. 2 points was given to solutions with an almost
correct answer with only minor errors in computation. Answers that solved part of the
problem were given one point. Zero point was given to answers if they were

completely wrong and in cases when no solution was provided.

3.2. Sampling

The study sample includes 116 (29 fifth graders, 29 sixth graders, 25 seventh
graders, and 33 eighth graders) middle school students in Konya, Turkey. The lived in
Konya and they were students in a public middle school in Konya. The age of the
students changed between 11 and 13.

Table 3.1. Distributions of Students from Each Grade Level

Grade Level Number Students
5 29
6 29
7 25
8 33

Additionally, the socio-economic status of the families of students who
participated in the study was not too high, but it can be said that it was average
considering the Turkish standards. As for the educational status, a large part of the
students’ families completed primary school or high school, while few families had
bachelor’s degree.

In addition, in this study, convenience sampling was used as the method of
sampling the participants. Convenience sampling enables researches to save time,
money and energy (Fraenkel, Wallen &Hyun, 2011). In this study, convenience
sampling was chosen because of the school’s familiarity to the researcher and the easy
accessibility of the school, the students, and the necessary permissions from the school
administrations. Additionally, the researcher has information about the participants’
backgrounds, personalities and mathematics ability and achievement. The researcher
was a teacher in the school where data was gathered. Due to the familiarity of the

researcher with the school and the students, the data collected by the researcher could
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be interpreted more accurately by the researcher, which increases the reliability of the
study. In other words, Problem Solving Achievement Tests was carried out by the
researcher during the data collection procedure.

Kulu, a district of Konya, was chosen to conduct the study. Students generally
have lower achievement levels in Kulu, Konya compared with the students from other
districts. However, the school where the research was conducted is the most successful
school in the district and students are divided with regard to their achievement level in
this school. The data was gathered from the students from the class with higher
achievement level. Hence, students who participated in the study had average and
above average mathematics achievement, so they generally had no difficulty in using
the necessary mathematics knowledge during the mathematics problem solving
achievement test. Consequently, necessary and adequate information was gathered in

order to answer the research question properly.

3.3. Data Collection Instruments

As stated above, the aim of the study was to investigate the middle school
students’ use of problem solving steps and use of the strategies to solve the word
problems related to numbers.

In each grade level, different Problem Solving Achievement tests were used to
reveal the way of thinking and the strategies used in the problem-solving questions.
Therefore, the results obtained from the students at different grade levels were not
compared and the relationship between the achievement scores of these students was
not examined. The test was developed by the researcher. The participants’ grade levels
were considered by the researcher while choosing mathematics problems. Also,
problems were selected among the mathematics topics covered by the 5%, 6™, 7% and
8t grade students so far. As it was mentioned before, the topics chosen were numbers.

Six word problems were included in each Problem Solving Achievement Test.
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Table 3.2. Distribution of Objectives in the 5%, 6™, 7™ and 8™ grade Problem Solving

Achievement Test

Grade Problems  Objective Mathematics

Level Content

Calculate the desired number of Sets and Whole

simple fractions of a plurality and Numbers

Item 1 ) )
whole of a plurality given
Item 3 . . .
" proportion of simple fraction by
5
taking into account the unit fraction
Grade : : :
Item 2 Solve problems involving four Fractions
Item 4 processes with whole numbers
Item 5
Item 6
Item 1 Solve problems that require four Sets and Whole
Item 6 operations with natural numbers Numbers
g Item 2 Solve problems that require four Decimal Numbers
Item 4 operations with decimal express Operation
Grade _
ions
Item 3 Solve problems that require Fractions
Item 5 processing with fractions
Item 1 Solve problems that require doing Sets and Whole
Item 2 operations with integers Numbers
7th Item 3
Grade Item 5
Item 4 Solves problems that require doing Sets and Whole
Item 6 operations with rational numbers Numbers

Calculate the greatest common

Item 1 factor and the least common
gth Item 2 multiple of the two natural
Grade numbers; solve related problems

Calculate the probability of a simple Statistic
Item 3
event
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Table 3.2. continued

Understand the basic rules relatedto Sets and Whole
Item 4 the exponential expressions, and Numbers

create equivalent expressions

Do multiplication and division Sets and Whole
Item 5 . .

operations with  square root Numbers
Item 6 )

expressions

Problems in the Problem Solving Achievement Tests were adapted from the
TIMSS, PISA and mathematics course books. The pilot study of all the Problem
Solving Achievement Tests was done in a classroom. Since some of the problems were
in English, they were translated to Turkish by the researcher. On the other hand,
students’ grade level, development level, and socio-cultural status were considered in
the process of developing and revising both the English and Turkish problems.

Reliability and validity issues of problems were needed to be addressed
because problems were adapted by the researcher. For this purpose, an English
translator, a faculty member who was interested in Mathematical Problem Solving,
and two experienced mathematics teachers who have enough knowledge about
mathematics curriculum in each grade level were determined as experts. First, the
format and content of the Problem Solving Achievement Tests were checked by these
experts in the field for validity issue. For the consistency of problems with the purpose
of the study and the participants, the questions were updated in accordance with
feedback from these experts. Then, Problem Solving Achievement Tests were piloted
before the actual study. Essential revisions in the problems were carried out in
compliance with the results of the pilot study.

The tests consisted of six open ended problems which enable students to solve
the questions by using Polya’s five steps, which are understanding the problem,
planning, carrying out the plan, checking the answer, and extension. A holistic rubric
was prepared by the researcher. The scoring in the rubric was prepared with respect to
the five steps of problem solving. Moreover, the problems proposed to students during
the study were assumed to help students think of different questions which necessitate
mathematical resources and strategies. Students were exposed to new challenges that

could encourage them to discuss different methods of solutions carefully, connect to

30



other situations and extend to more general cases. In addition, the process of solution
of problems in the study was assumed to enable students to discuss strategies that
included working backwards, making a drawing, trying special cases, logical
reasoning and so on. After the pilot study and literature review six problem solving

strategies were specified to be included in the current study.

3.4. Pilot Study

Pilot study is defined as “small-scale study administered before conducting an
actual study in order to reveal defects in the research plans” (Fraenkel, Wallen & Hyun,
2011). Creswell (2003) emphasizes the importance of pilot study stating that it
establishes the instrument’s construct validity, meaning whether the items measure the
intended construct, and ensures that the questions, format and items are clear. The pilot
study was done at the end of 2016-2017 academic year with twenty volunteer students
from each grade in the school where the main study was also intended to be done.
Twenty students were selected among the students who would not participate in the
main study. Ten problems were used for each grade level in the pilot study to select
six problems to be used in the main study.
The pilot study helped the researcher to finalize the problem solving achievement tests

to be used in the main study. The pilot study aimed to answer the following questions:

e Are the problems easily understood by the students?
e Do the problems require strategy?
e How long does it take to solve problems?

e Is the level of problems suitable for students?

After the pilot study, the students' use of the problem solving steps, the time spent
on each problem question, and the intelligibility of the problems were analyzed, and
as a result of this analysis, the problem-solving achievement tests were finalized for
use in the main study.

Before the pilot study, it was assumed that 6-item problem solving achievement
test to be used in the actual study would be completed in one class hour. Hence, two
lessons were allocated for the 10-item test in the pilot study, but the test could not be
completed within two hours. Therefore, by considering the results of the pilot study,

some questions were removed and some of them were revised, and testing time for the
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main study was planned as two hours. In addition, where necessary, grammar errors
were corrected with the help of Turkish teachers in order to make the problems more
accurate and easier to understand.

Furthermore, this study covers the strategies mentioned above: working
backwards, making a drawing, intelligent guessing and testing, organizing data and
logical reasoning. There are different reasons why these strategies were placed in the
study. Firstly, most of the strategies were covered by different problems, but after the
pilot study, some questions were eliminated, so there were no questions to use some
strategies. Moreover, after the literature review, some strategies were eliminated
because they were too difficult considering the students’ levels.

As a conclusion, the problem statements in the problem solving achievement tests
were reviewed and simplified taking into account the feedback from the participants
in the pilot study. Moreover, by taking into consideration the field notes and
observations of the researcher, the most convenient and most feasible procedure for in
class practice of problem solving achievement tests was decided for the main study.
Instead of given problems to students in a copy at once, problems were given on two
separate papers. It was decided that the participants would be given the second paper
once they were done with the first paper. The data collection procedure was explained

in detail below.

3.5. Context of the Study

After the pilot study was carried out and the necessary corrections and reviews
were made, a problem solving based course were given to the students in five lesson
hours. The main aim of these five hour-problem based instruction was to reinforce
students’ problem solving processes (Polya’s four steps) and to review and to remind
problem solving strategies. As mentioned earlier, the researcher is also the
mathematics teacher of the students who participated to the study. Hence, the lessons
were taught by the researcher. A total of 20 hours of lessons were given to fourth grade
levels. For these lessons for students from all grade levels, lesson plans were prepared
(Appendix C). These problem-based lessons were conducted in students’ own classes
during a week. The lessons were student-based as in all mathematics courses

throughout the semester.
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The first lesson began with an activity called “I am solving a problem”. Before
starting with activity, first, the students were asked to answer the question “What does
problem mean for you?”. Students mostly expressed their feelings and thoughts about
problem solving in mathematics and they talked about doing operations in
mathematics. Additionally, students mentioned real life problems in some classes. If
there was no mention of everyday life problems in the classroom, the teacher asked
some questions to students to get ideas on everyday life problems such as “What about
daily life problems?, “Don’t we ever have problems in our daily life?, “What kind of
problems do we encounter in our daily life?, and continued by asking the question “Do
you think there is a relationship between the problems we encounter in daily life and
the problems we solve in mathematics class?”’. The teacher provided an environment
to argue on and talk about these questions. During this process, the teacher tried to
guide students by asking some questions such as “How do we solve everyday life
problems?”, and “Do you think that learning mathematics and how to solve math
problems help us to overcome the problems we face in our daily life?”. Moreover, the
teacher asked a question “5" grade students of our school will organize a trip to
Antalya. How do you think they can go?”. The teacher asked the students some
questions like “Is this a math problem or a daily life problem?”, “What information do
we need to solve this problem?”. After the discussions on what we need to solve this
problem, the students were asked to express this problem mathematically and the
lesson continued with activity. The students filled out the figure shown in Figure 3.1

together.
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1. Daily Life Problem 2. Problem’s Mathematical Expression
5t grade students of our school will

organize a trip to Antalya. How do 5™ grade students of our school will
you think they can go? organize a trip to Antalya. The capacity
of each bus is 40 students. How many
buses are needed for 240 students?

l

4. Daily Life Problem’s Solution 3. Mathematical Problem’s Solution

6 buses are needed. 240-+-40=6

Figure 3.1. Daily life problem’s mathematical expression

Next, the students were asked to identify different daily life problems in a completely
independent manner and to solve that problem after expressing the daily life problems
mathematically. In this way, it was aimed to help students to see the relationship
between the problems we encounter in daily life and the problems we solve in
mathematics course. Also, it was aimed to make students realize that the knowledge
and experience we gain from solving mathematical problems are also important in
solving the problems we face in daily life.

In the next one hour of the lesson, Polya’s four steps of problem solving were
introduced to the students. Each problem solving step, namely understanding the
problem, making a solution plan, implementing the solution plan, and
checking/controlling of the solution, was discussed in detail. Furthermore, in the last
three hours of mathematics lesson, problem solving strategies were discussed, and the
lesson continued with the activity called “problem-solving” which includes six
mathematics problems for which they need to use different problem solving strategies.
In this way, the students were expected to gain in-depth understanding of the use of
the different strategies. Besides, Polya’s four problem solving steps were given just
below each problem and the students were guided about what they were expected to
do at each step in a template in the “Problem-Solving” worksheet.

Firstly, in the step “understanding the problem”, the students were asked to

determine and write down what is given and what is wanted in problem statement after
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they read the problem statement carefully. In the second step “make a plan”, the
students were asked to make a solution plan and decide on the appropriate solution
plan taking into consideration what is given. During this step, the students were guided
to be aware that there are strategies to reach the solution of the problem. Some students
were asked to share their ideas with the whole class about how they planned to solve
the problem and which strategy they decided to use. As mentioned before, six problem
solving strategies were determined after a pilot study and literature review. In these
five hours lessons, the six problem solving strategies were specifically emphasized and
it was aimed for the students to adopt, recognize and internalize these strategies. Most
of the time, some of the students were not aware of the strategy they used in problem
solving and one of the aims of these problem solving classes was to raise awareness
about the strategies they use in problem solving and to teach them other strategies they
did not know. The name of the strategy that students used was defined by the teacher
to help the students. The main purpose of this worksheet was to introduce and teach
how to use problem solving strategies such as algebraic strategy, arithmetic strategy,
making a drawing strategy, guess-and-check strategy, working backward strategy and

organizing data strategy, which were defined by Possamentier and Krulik (2008).

Problem: Uncle Mehmet feeds goats and chickens on his farm. Uncle Mehmet feeds 28 goats on
the farm, and the total number of the animals is 104. According to this, how many chickens does
Uncle Mehmet have on his farm?

1. Rewrite the above problem with your own sentences in the same sense.

2. What is given in the problem? What is unknown? Explain in your own sentences.

3. Maﬁna lan on how to solve the problem, taking into account the given and desired
inforthativn you specified in step 2. Explain your Vohr own words.

4. Solve the problem considering the plan you made in step 3.

5. Are you sure that the result you obtained in step 4 is correct? Explain if you are sure.

Figure 3.2. An Example Problem from the “Problem-Solving” Worksheet in 5" Grade Lesson
Plan
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The problem given in Figure 3.2 was tried to be solved by students using different
strategies. In the solution process of this problem, students preferred to use different
problem solving strategies such as guess-and-check, finding a logical reasoning, and

arithmetic strategy.

3.6. Data Collection Procedure

The data was gathered in the fall semester of the 2017-2018 academic year.
The data were collected from 5%, 6™, 7™ and 8" grade students of a public school in
Konya. Initially, the required permissions were received from the school, the Ethic
Committee of METU, and from the other official committees (Appendix B). The pilot
study and the main study were conducted after getting necessary permissions. First,
the pilot study was applied during a week at the end of the spring semester of the 2016-
2017 school year. Secondly, a problem solving based course were given to the students
in five lesson hours after the pilot study was carried out and the necessary corrections
and revisions were done. The main aim of these five hour-problem based instruction
was to reinforce students’ problem solving processes (Polya’s four steps) and to review
and to remind problem solving strategies. For this five-hour problem based instruction,
lessons plans were prepared for all grade levels (Appendix C). These problem based
lessons were conducted in students’ own classrooms during a week. Lessons were
student-based as in all mathematics courses throughout the semester. The researcher
provided students with an environment where students could discuss freely and ask all
the questions they have to the teacher and to each other. Then, the problem solving
achievement test was applied to 116 elementary school students in the fall semester of
2017-2018 school year by the researcher. Each test was carried out in different weeks
for four weeks. Problem Solving Achievement Tests were implemented to students
from all grade levels in their own classes during the mathematics course hours.

Detailed time schedule is available in Table 3.3 below.

Table 3.3. Time Schedule of the Study

Date Event

February 2017-April 2017 Choosing and development of Problem

Solving Achievement Tests
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Table 3.3. continued
May 9, 2017 Pilot study

5 and 6" grade Problem Solving
Achievement Tests

May 12, 2017 Pilot study
7% and 8" grade Problem Solving

Achievement Tests

May 2017-November 2017 Revising and improving the Tests and
procedures of the study

October 2, 2017- October 21, 2017 Problem-Based Instruction

December 18, 2017 Implementation of 5" grade Problem

Solving Achievement Tests

December 25, 2017 Implementation of 6 grade Problem
Solving Achievement Tests

January 4, 2018 Implementation of 7" grade Problem
Solving Achievement Tests

January 11, 2018 Implementation of 8" grade Problem
Solving Achievement Tests

April 2018-October 2018 Data Analysis

The same procedure was followed during all test implementations by the researcher.
As it was mentioned above, procedures were determined according to the results of the
pilot study. In the study, there was one class from each of the fifth, sixth, seventh and
eighth grade levels, and two mathematics teachers. The researcher is fifth and seventh
grade level students’ mathematics teacher, and the other teacher was responsible for
the sixth and eighth grade level students during the whole academic year. However,
the problem solving lessons were conducted by the researcher for one week, and the
data was collected by the researcher from all grade levels. As it was mentioned in the
previous section, problem solving classes lasted 5 lesson hours, and the data collection
procedure lasted 2 lesson hours on the same day in each grade level. In total, 7 lesson
hours of application was implemented in all grade levels by the researcher. In the
implementation of Problem Solving Achievement Tests in all grade levels, all six

problems in each test were not given to students at once. Six problems in each test
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were separated into three. The students were given the first two problems and then
they were given the remaining two problems, followed by two more questions.
Moreover, Problem Solving Achievement Tests were administered to the students in
their own classes. In class, problem papers which included two problems each were
given to the students one by one by the researcher. Each student who solved the two
problems was given the other problem paper containing two problems. As the data
collection process was carried out in the examination atmosphere, the students did not
ask any questions about the content of the problem. In the solution of the questions,
students were asked not to erase anything they wrote, but to only cross it out where
they thought it was wrong. Still, some students asked questions about this issue or
similar situations.

The consent forms were prepared to be signed by the parents of the students.
The students and their parents were given information about the study. In addition, the
students were said that there will be no grading for their participation. All the students
answered the problems independently, carefully, and seriously. All the students
participated in the study were volunteer students, and their names were confidential,
and the students were not harmed psychologically or physically.

Lastly, the approval of the Ministry of National Education (MoNE) was taken
to gather data from a public middle school in Konya. The current study was decided
to be conducted in this specific public middle school since the researcher is a
mathematics teacher in that school. The subject of “numbers” were chosen for the
study because they are in the 5, 6", and 7™ grade curricula. These topics were taught
through problem solving to the students in accordance with the yearly plan, and they
are taught in the first semester of the academic year. For this reason, this study was

conducted in the first semester of the 2017-2018 academic year.

3.7. Data Analysis

Students’ responses to problems in the problem solving achievement test were
analyzed in two steps. Firstly, descriptive statistics was used to describe the data.
Descriptive statistics helps researchers to summarize the overall tendencies in the data
and to provide an understanding of how varied scores might be (Creswell, 2002).
Descriptive statistic (means, standards deviations) was calculated for the independent

variable “grade level”.
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The Problem Solving Achievement Tests were assessed using a rubric which

was developed by the researcher and two mathematics teachers after the review of the

related literature. Scoring for correctness was done using a 0-1-2-3 scale. If a student

gave a completely correct solution, 3 points were given. 2 points was given to solutions

with an almost correct answer with only minor errors in computation. Answers that

solved part of the problem were given one point. Zero point was given to answers if

they were completely wrong and in cases when no solution was provided. The detailed

rubric for scoring the problems in the problem solving achievement test is given in

Table 3.4.

Table 3.4. Problem Solving Skills Rubric

Score Understanding the Developing a Plan to Carrying out
Problem Solve the Problem the Plan and
Interpreting
Findings
3 Stating the problem clearly Developing a clear and Providing a
and identifying the concise plan to solve the logical

underlying issues

problem with alternative
strategies, and following

the plan to the conclusion

interpretation of
the findings and
solving the

problem clearly.

2 Defining the problem Developing an adequate Providing an
adequately plan and following it to the  adequate
conclusion interpretation of
findings and
solving the
problem.
1 Failing to define the Developing a marginal Providing an
problem adequately plan, and not following it to inadequate

conclusion

interpretation of
the findings and

not deriving a
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Table 3.4. continued

logical solution

to the problem

0 The problem is not Could not develop a Could not
identified coherent plan to solve the interpret the
problem findings and

could not reach

a conclusion.

In addition, basic qualitative research design was used to answer the questions:

» To what extend students use problem solving steps based on the identified
framework?

» What are the middle school students’ strategies in the word problems?

To investigate students’ use of problem solving steps during the problem solving
processes and students’ tendency to use problem solving strategies, students’
worksheet were examined in detail. Hence, content analysis of the written documents
obtained from the students was carried out. Content analysis is the application of an
objective coding scheme to notes or data that is not suitable for analysis until the
information they transmit is concentrated and systematically comparable, such as
interviews, field notes, and various inconspicuous data (L Berg, 2001). Content
analysis allows researchers to identify patterns within and between sources (L Berg,
2001). As it was mentioned before, ten problem solving strategies were defined by
Posamentier and Krulik (1998). First, six specific categories of problem solving
strategies used by students for solving problems in the problem solving achievement
test were identified after documenting the achievement scores of problem solving
achievement test. Indeed, these six problems solving strategies were determined
considering the pilot study and based on the review of related literature review. Also,
the contents of problems and level of students’ understanding were considered while
choosing six strategies. These strategies are arithmetic, algebraic, making a drawing,
working backward, guess and check, and organizing data. Also, when the students did

not use any strategy, a no-strategy category was used. The percentages of students
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using each strategy in each group for each item were obtained. The strategies were

described in Table 3.5.

Table 3.5. Description of problem-solving strategies

Code Strategy Description
ART Arithmetic The student writes down a mathematical
strategy statement involving one or more arithmetic
operations on the numbers given in the
problem.
ALG Algebraic The student chooses one or more unknowns as
strategy variables and sets up one or more equations.
MD Making a The solution is suggested or the solution
Drawing follows a model or a diagram, table and
graphic.
GC Guess-and-check  The student uses the following processes:

(a) Make a guess of an answer or the unknown
in the problem based on an estimation;

(b) Check if the constraints given in the
question or implied from some of the question
statements are satisfied. If all the constraints
are satisfied, the guess is correct; the answer
has been obtained or can be worked out. All
the processes will end at this point. If the
constraints are not satisfied, the guess will be
refined or adjusted, followed by another round
of guess-and-check.

WB Working Starting the solution from the last step and
Backward moving to the beginning point
ORD Organizing Data ~ The student organizes the data to reach a
solution.
NOS No Strategy Absence of a written response, or only the

pieces of information taken from the question
is written down without any further work.

Each item was examined and coded considering the response of each student from all
grade levels and using the framework as the analysis tool to determine the middle
school students’ cognitive process in terms of use of the problem solving steps. The

theoretical framework that was used in this study included five categories:

1. Understanding the problem,
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Making a solution plan,
Carrying out the solution plan,
Looking back,

U

Progression through all five categories.

Indeed, it can be concluded that five categories comprise the Polya’s four problem
solving steps. It was aimed to determine whether the students progressed through all
four steps or not. The codes were obtained from the abbreviations of name of the
Polya’s problem solving steps by the researcher. Table 3.6 shows the list of codes and

descriptions.

Table 3.6. Problem -Solving Steps Codes and Descriptions

Problem-Solving Steps Code Description
Seeks understanding the SUP Student understands the verbal information
problem presented in the item.
Making a MPO Student provides an indication of solution
plan/organization plan to solve the item.
Implementing the plan IP Student is able to generate a solution plan

and also s/he is able to successfully carry it
out to solve the item.

Control, assessment of CAS Student provides an explanation for why
situation his thinking is correct.

Progression through all PTA Student demonstrates progression through
categories the five processes.

Based on Table 3.6, it is clear that problem-solving steps consist of five main
categories: seeking understanding the problem (SUP), making a plan/organization
(MPO), implementing the plan (IP), control, assessment of situation (CAS), and
progression through all categories (PTA). After the analysis of the written work
obtained from the Problem Solving Achievement Tests, the sub-categories of SUP,
MPO, IP, CAS and PTA were defined by the researcher.

In this study, each problem in the Problem Solving Achievement Tests includes
five sub-questions. First two questions of the five sub-questions of each problem were
related to SUP. In the first sub-question, the students were asked to rewrite the given
problem with their own sentences in a way to give the same meaning. In the second
sub-question, the students were asked to answer the following questions with their own

sentences: “What is given in the problem?”” and “What is requested in the problem?”.
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After the analysis of these two questions from all problems through all grade levels, it

was decided that the “SUP” category included five sub-categories:

>

SUP1: The student re-writes the problem in his own words and he writes
properly what is given and what is wanted in the problem to understand the
verbal information presented in the item.

SUP2: The student is unable to re-write the problem statement in his own
words and to understand the verbal information presented in the item, but he
writes what is given and what is wanted in the problem.

SUP3: The student is able to write what is given in the problem, while he is
unable to determine what is wanted in the problem.

SUP4: The student did not understand the verbal information presented in the
item. The student fails in the progresses of determining what is given and what
is wanted in the problem and re-writing the problem statement in his own
words.

SUPS5: The student re-writes the problem in his own words, but he is unable to

state what is given and what is wanted in the problem clearly.

Problem-Solving Steps: Seeks Understanding the Problem

(SUP)

Sub-Categories of Problem-Solving Steps: SUP1

Figure 3.3. A sample item from eighth grade problem solving achievement test (Item 4)
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Figure 3.3 was given as an example for the sub-category “SUP1”. Problem 4 in eight
grade Problem Solving Achievement Test was “An equal number of people from each
of the 5° countries participated in a meeting. These people were placed in each of the
5*rooms of a hotel as 5 persons. According to this, how many people have participated
in this meeting?”. In this problem, the student rewrites the problem in his own words
without changing the meaning of the problem, and it can be concluded from Figure 3.1
that the student can determine what is given and wanted in the problem. Hence, it was
categorized as SUPI.

Secondly, the category MPO is also important to understand the problem during
the process of solution of the problem. This category included four sub-categories.
Like in category SUP, sub-categories of MPO were determined taking into
consideration of the third sub-questions of the problems. In the third sub-question of
each problem, the students were asked to “make a plan on how to solve the problem
by taking into account the information in step two (in second sub-question) and explain
their plan using their own sentences”. Afterwards, students’ written answers were
analyzed in order to determine the sub-categories of MPO. In this study, the

components of MPO were framed as:

» MPOL: The student makes an appropriate plan by organizing what is given to
reach what is wanted and an appropriate strategy is chosen to solve the
problem.

» MPO2: The student does not state his plan clearly.

» MPO3: The student is not able to organize and relate what is given to reach
what is asked.

» MPO4: The student is unable to make a plan thoroughly — no organization of

what is given, no use of strategy.

44



Problem-Solving Steps: Making a Plan/Organization (MPO)

Sub-Categories of Problem-Solving Steps: MPO3

|
i

:

Figure 3.4. A sample item from sixth grade problem solving achievement test (Item 2)

As seen in Figure 3.4, one of the sixth-graders’ written work exemplifies how a written
work was categorized as MPO3. In item two of the sixth grade problem solving
achievement test, the students were asked to answer the following problem: “Yasar
who missed the school bus gets into a taxi in order not to be late for work. The starting
fee of the taximeter is 3.50 TL. The price for every 100 meters is 25 Krs. Yasar gave
2 TL tip to the taxi driver and in total he paid 12 TL which also included 2TL tip. What
is the distance between Yasar’s house and his workplace in kilometers?”.

As seen in the figure, the student’ planned to solve the problem as follows: “Yasar
gave 10 TL for the trip since 2 TL of 12 TL was the tip to taxi driver. Then, 1000 is
divided by 25 since 10 TL is equal to 1000 Krs. Finally, 1000 is multiplied by 400.”
This answer was evaluated as MPO 3 since the student is not able to organize what is
given to reach the result.

IP is another category in this study. To obtain the sub-categories of IP, the students’
written answers to the fourth sub-question of the problems were evaluated. In step 4
(sub-question 4) under each problem, the students were asked to solve the problem by
considering the plan which they made in step 3. In the study, after the analysis of the

students’ written work in step 4, IP was categorized into four:

» IP1: The student successfully solves the item.
» IP2: The student is successful in the implementation of the plan, but his plan
is not appropriate for the correct solution.

» IP3: The student is not able to carry out the solution plan.
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» |IP4: The student does not possess or is not able to recall the necessary

knowledge to solve the item.

Problem-Solving Steps: Implementing Plan (IP)

Sub-Categories of Problem-Solving Steps: 1P1

g3

Figure 3.5. A sample item from the seventh grade problem solving achievement test (Item 1)

One solution of the problem included in the seventh grade problem solving
achievement test is illustrated in Figure 3.5. In the problem, the students were asked
to find two numbers whose multiplication is equal to 812. The students used “guess
and check” strategy to solve the problem. As seen in Figure 3.3, the student first chose
70 and 20 and multiplied them. Then, she chose the numbers 46 and 14, 56 and 14, 43
and 44, 33 and 34, 27 and 28, respectively until she obtained the result 812. Finally,
she found the numbers 28 and 29.

CAS is another category in this study. This category was divided into five sub-
categories. To determine the sub-categories, the analysis of students’ written work
from step 5 (fifth sub-question) were used. In step 5, the students were asked: “Are
you sure that the result you obtained in step 4 is correct? Explain whether you are sure
or not?”. In the light of the analysis of students’ written work, the components of CAS

can be presented as:

» CASL: The student provides an explanation for why his way of thinking is
correct.
» CAS2: The student just states “I am sure” without clear explanation or without

any explanation.
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» CAS3: The student has no control for whether his way of thinking is correct or
not.

» CAS4: The student solves the problem by using different strategies to ensure
whether his answer is correct or not.

» CASS: The student just re-states his solution carried out in the implementation

of the solution plan.

Problem-Solving Steps: Control/Assessment of Situation

Sub-Categories of Problem-Solving Steps:  CASI1

Figure 3.6. A sample item from the eighth grade problem solving achievement test (Item 2)

An example for CAS1 is given in Figure 3.6.
Problem: 56 kg and 72 kg bags of two types of rice in the bag will be put into bags
with largest size without being mixed with each other.

According to this;

a. How many kilograms of rice will be put in a bag?

b. How many bags are required for this process?

The student first found the greatest common divisor of 56 and 72 as 8, and then, she
divided 56 and 72 with 8. She found that 7 bags are needed for 56 kg of rice, and 9
bags are needed for 72 kg of rice. In the control step of the problem, she found the total
numbers of bags as 16 and multiplied 16 with 8 and she observed that the result of the
multiplication is equal to the total amount of rice.

PTA is the last category in this study. PTA refers to the demonstration of

progressions through the five processes — understanding the problem, making a plan,
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carrying out the plan, and checking the solution. The attitude of the students towards
the problem is generally similar to their attitude toward a simple process. Instead of
trying to read and understand the problem first, the students started to solve the
problem. The main aim of this category was to see how the students at different grade

levels adopted the problem solving process. The components of PTA are:

» PTA1L1: Student demonstrated progression through the five processes
successfully.
» PTAZ2: Student could not progress at least one of the five processes

successfully.

3.8. Reliability and Validity Issues

Frankel, Wallen and Hyun (2004) defines validity as the appropriateness,
meaningfulness, and usefulness of the inferences made based specifically on the data
by researchers, while reliability was defined as the consistency of these inferences over
time, places and circumstances. The concepts of reliability and validity are very
important in both qualitative and quantitative research (Frankel, Wallen & Hyun,
2011). As opposed to quantitative studies that discuss internal validity, external
validity, and reliability, in qualitative studies, credibility encompasses the terms
instrument validity, internal validity and reliability (Frankel, Wallen & Hyun, 2011).
In this study, the process of coding the items with respect to the students’ use of
problem solving steps and the use of strategy was conducted by two researchers. These
two researchers were graduate students in mathematics education. In the previous part,
detailed explanation of frameworks was given in order to categorize the items before
beginning the coding of the items. Afterwards, two researchers came together to
analyze the some randomly selected items from each examination of different grade
levels. When the coders made different categorizations of items related to explanations
in the frameworks, or when the coders taught that changes were needed on these
categorizations, they came together and discussed the situation. Next, some of the
items were coded individually by the coders and they came together again in order to
match their categorizations. If there was an agreement on the categorization of the
items, the coders continued to categorize individually. However, if there was a

disagreement on the categorization of an item, this item was discussed until they
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reached an agreement about the coding of the item. All the items in the problem solving

achievement test were coded in this manner by two coders.

3.9. Limitations of the Study

There are some limitations in the study. The first of these is having only written
resources for analysis. Since only written sources were available in the study, what the
students thought and how they selected and used strategies to solve the problems were
not fully understood and could not be determined. Some of the written work by the
students was ambiguous, and thus, it was difficult to interpret the explanation of the
students. Furthermore, especially in some parts, students did not give any idea about
the ideas they determined. An example of a student who said “Yes, I am sure” to the
question related to the checking of the solution was shown in Figure 5. It appears that
the students were asked to answer the problem’s sub-question (step 5) — “Are you sure
that the result you obtained is correct? Explain”. It can be seen that the student just

wrote “Yes, I am sure” with no explanations.

Figure 3.7. Ambiguous student solution

Another limitation is that the implementation process was limited. First, the lessons
prepared for the introduction of strategies to the students were not enough. Therefore,

the students could not fully comprehend the problem solving strategies. The problems
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in the five hour problem solving lessons and some problems in the problem solving
achievement test were similar to each other. This might have partially affected the
findings obtained in the current study. Also, the implementation of the problem-

solving achievement test was very limited.
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CHAPTER 4

RESULTS

This chapter has two sections. In the first section, the results of the descriptive
statistics which is used to describe 5%, 6, 7" and 8™ grade students’ achievement
scores obtained from the problem solving achievement test are presented. In the
second section, results obtained after the content analysis of the students’ written
documents are explained. Students’ strategy use and use of problem solving steps
during the process of problem solving were analyzed using content analysis. The
purpose of this study was to investigate the middle school students’ use of problem
solving steps and use of the strategies in Problem-Solving questions related to numbers
gathered throughout the semester. Furthermore, 5", 6™, 7% and 8" grade students’
problem solving achievement scores obtained from problem solving achievement tests
were presented. The findings that are discussed in this chapter address the following

research questions:

» “To what extend students use problem solving steps based on the identified
framework?”’

» “What are the middle school students’ strategies in the word problems?”

4.1. Descriptive Statistics of Problem Solving Achievement Scores

Descriptive statistics concerning the 5%, 6™, 7" and 8" grade students’ problem
solving achievement scores is presented in this section. Problem solving achievement
scores’ mean, standard deviation, minimum-maximum scores, and skewness and
kurtosis values were calculated and used to describe the data. As mentioned before,
the achievement scores of the students were obtained from the problem solving
achievement tests applied to each grade level. Therefore, descriptive statistics for

problem solving achievement scores of each grade level was summarized separately.
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A total of 116 students (29 fifth grade, 29 sixth grade, 25 seventh grade and 33
eighth grade) were applied the problem solving achievement tests. Table 4.1
summarizes the mean, standard deviation, minimum-maximum scores, and skewness

and kurtosis values of achievement scores for each grade level separately.

Table 4.1. Descriptive Statistics for Scores Obtained from the Problem Solving

Achievement Tests at Each Grade Level

5" Grade 6" Grade 7" Grade 8" Grade
N 29 29 25 33
Mean 40,66 38,83 35,84 40,30
Std. Deviation 6,96 11,59 13,29 11,77
Minimum 28 16 10 12
Maximum 54 54 54 54
Skewness -0,16 -0,62 -0,61 -0,57
Kurtosis -0,79 -0,83 -0,96 -0,36

As given in Table 4.1, the maximum scores taken from problem solving achievement
tests at each grade level are the same (max = 54), but the minimum scores change from
grade level to grade level. Therefore, the biggest difference between the minimum and
maximum scores taken from test was seen in the 7" grade since the minimum score
obtained from test is 10. Considering the 5" grade problem solving achievement score,
the maximum score is 54 and the minimum score is 28, with a mean of 40.66 (SD =
6.96). Based on the 6 grade problem solving achievement score, the maximum score
is 54 and the minimum score is 16, with a mean of 38.83 (SD = 11.59). When the 7%
grade achievement scores are examined, it is seen that the maximum score is 54 and
minimum score is 10, with a mean of 35.84 (SD = 13.29). As for the 8" grade
achievement score, the maximum score is 54 and the minimum score 12, with a mean
of 40.30 (SD = 11.77). When the mean scores of the problem solving achievement
tests are examined at different grade levels, it is observed that there is a difference of
5 points between the biggest and the smallest mean scores. The problem solving
achievement tests includes 6 problems, with 9 points each. Since the difference of 5
points on mean score does not even correspond to one question, the difference can be

considered as insignificant. It is seen that the mean scores obtained from the problem

52



solving achievement tests of fifth and eighth grade students are almost equal. It might
be because the achievement level of fifth and eighth grade students was the same, or
another reason might be that the difficulty level of the problem solving achievement
tests of the fifth and eighth grade students was parallel to each other.

Furthermore, the skewness and kurtosis values of problem solving achievement
scores are presented in Table 4.1. The achievement scores of the fifth grade students
with skewness of -0.16 and kurtosis of -0.79, of sixth grade students with skewness of
-0.62 and kurtosis of -0.83, of seventh grade students with skewness of -0.61 and
kurtosis of -0.96, and of eight grade students with skewness of -0.57 and kurtosis of -
0.36 were normally distributed. Briefly, information about the nature of the
distribution of the scores are provided with these values. According to these values, at

each grade level, the problem solving achievement scores are normally distributed.

4.2. A Basic Qualitative Analysis: Students’ Use of Problem-Solving Steps and
Strategy Use
Results are reported with respect to the middle school students’ conceptions
about mathematical problem solving. Specifically, this section describes 5t gt 7t
and 8" grade students’ strategy use, and use of problem solving steps in the word
problems, and demonstration of meaningful understanding, and students’ errors. In
other words, a description of middle school students’ use of problem solving steps and
strategy use, and demonstration of meaningful and procedural understanding and
errors are presented in this section. An overall table showing the results of all items is
given at the beginning of the evaluation each grade level. In the evaluation of the items
in the Problem Solving Achievement Test at each grade level, the items were grouped
as binary or triple according to the objectives of subjects. Specifically, problems in the
tests of each grade level were assessed by grouping objectives related to numbers. A
description of students’ use of problem solving steps, demonstration of meaningful
learning and procedural understanding, errors, and misconceptions were presented.
Under each group of items, there is also the description of students’ strategy use.
Special cases were illustrated with solution of students who did not reach a correct
solution but showed positive behavior in understanding of the concepts in the problem

evaluated.
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Students’ understanding of the concept of a fraction as whole-to-a part relationship is
assessed in the 1% Problem and 3™ Problem. In the problems, ability to find the desired
fraction of a given whole is aimed to be assessed. In addition, these problems aim to
examine students’ ability to use the “making a drawing strategy” as well as the

arithmetic strategy. Therefore, these two problems were analyzed together.

Table 4.3. Frequency of problem solving steps codes with respect to Problems 1&3 in

the fifth grade

ITEMS
ITEM 1 ITEM 3
Count (%) Count (%)
Seeks to Understand SUPL |22 (75,9%) 26 (89,7%)
the Problem SUP2 |2 (6,9%) 0 (0,0%)
SUP4 |3 (10,3%) 0 (0,0%)
SUP5 |2 (6,9%) 3 (10,3%)
Making a Plan/an MPOL1 | 11 (37,9%) 23 (79,3%)
Organization MPO2 |5 (17,2%) 1 (3,4%)
MPO3 | 12 (41,4%) 5 (17,2%)
MPO4 |1 (3,4%) 0 (0,0%)
Implementing the Plan IP1 16 (55,2%) 24 (82,8%)
P2 11 (37,9%) 5 (17,2%)
P4 2 (6,9%) 0 (0,0%)
Control, Assessment of CAS1 |7 (24,1%) 6 (20,7%)
Situation CAS2 |18 (62,1%) 17 (58,6%)
CAS3 |3 (10,3%) 3 (10,3%)
CASS5 |1 (3,4%) 3 (10,3%)
Progression Through ~ PTA1 |3 (10,3%) 4 (13,8%)
All PTA2 |26 (89,7%) 25 (86,2%)

. 1 .
As seen in the 1% problem, Buse uses Z of her 24 cra ons, and Esra uses - of Buse's
p 24 y 3

crayons. The students were asked to calculate how many crayons Buse and Esra use
in total. Twenty-nine students completed the 1% Problem. Sixteen students were
successful, while eleven students were unsuccessful in this problem, and two students
had no correct or incorrect answer. As can be seen in Table 4.3, twenty-two students
were able to re-write the problem statement with their own words and write properly
what is given and what is wanted (SUP1), which implies that they demonstrated an

understanding of the verbal information presented in the 1% Problem, but five students
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appeared not to understand the verbal information as three of them failed in the
progress of deciding what is given and what is wanted in the problem and re-writing
the problem statement in their own words, and two students were unable to state what
is given and what is wanted in the problem clearly even though they were able to re-
state the problem statement. A solution plan was not indicated clearly by five students
in this problem (MPO2). Eleven students made an appropriate plan by organizing what
is given to reach what is wanted and they chose an appropriate strategy to solve the
problem (MPO1), but twelve students were unable to organize and relate what is given
to reach what is wanted (MPO3). As illustrated in the Figure below, the main reason
for this is students’ misconceptions about the subject of fractions. In other words, it

seems that students did not clearly understand the fraction concept which represents a

part of the whole.
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Figure 4.1. An example worksheet from a fifth grade student for the 1% problem (coded as SUP1,
MPO3, and IP2)

As illustrated in Figure 4.1, a student appropriately determines what is given and what
is asked in the problem statement, but in making a plan and implementation of the

solution plan step, given fractions were considered as the number of crayons. Hence,
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the student should first calculate the desired fraction of the quantities (s of 24 and =

of Buse's crayons) and then add them instead of adding the fraction expressions

directly. On the contrary, in the fourth step of the solution of the problem, it is seen
that the student added up % and 2—74 and s/he found g as the answer.

Sixteen students appeared to carry out solution plan successfully (IP1). Eleven students
also appeared to implement their plan successfully, but their plan was not appropriate
to reach the correct answer (IP2). The students implemented their solution plan
accurately, but their solution plan was not true. An example for IP2 in this problem
was shown in Figure 4.1. In the making a plan and implementing the plan steps, it can
be observed that students mostly used arithmetic calculations instead of using visual
representations and mathematical modeling. It was understood from Table 4.3 that two

students did not possess the necessary knowledge to solve the problem.
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Figure 4.2. An example worksheet from a fifth grade student for the 1% problem (coded as SUP1,
MPO1, IP1, and CASS)
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As can be seen in Figure 4.2, the student re-stated the problem statement with his own
words and wrote what is given and what is wanted in the 1% Problem. Thus, the
category of ‘seek understanding the problem” was coded as SUP1. Then, the student
made an appropriate solution plan for the 1% Problem. He preferred to use the

arithmetic strategy and made an appropriate solution plan, so ‘making a plan’ category

was coded as MPOI1. His solution plan was as follows: “I find ﬁ of 24 to find the

number of crayons that Buse uses and | will find § of 24 to find the number of crayons

Esra uses. Then, I add up the results”. He implemented his solution plan (IP1)
accurately. The category of ‘control and assessment of the situation’ was coded as
CASS since he re-stated his solution in this phase.

In the control, and assessment of solution phase of the 1% Problem, seven students were
able to provide an explanation for why their thinking was correct (CAS1), while
eighteen students only said “I am sure” without any explanation (CAS2). Four students
were not able to articulate why their solution was correct. An example for code CASI

is given below.

4. 3. adimda yaptigimz plani g6z 8niinde bulundurarak problemi ¢6ziiniiz,
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Figure 4.3. An example worksheet from a fifth grade student for codes IP1 and CASI
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As can be seen in Figure 4.3, the student solved the problem using the arithmetic
strategy similar to the solution of the student in Figure 4.2. Here, the student solved
the 1% problem by using the making a drawing strategy in the control and assessment
of situation phase, that is, in the fifth step of the problem solution, while he used the
arithmetic strategy in the fourth step of the problem solution. Hence, the category of
‘control and assessment of the situation’ was coded as CASI.

As it was mentioned previously, the 3™ problem also includes the concept of fraction.

The 3™ Problem is as follows: “Onur, who went on holiday with his own car, reached
his destination with % of the 50 liter tank. Onur filled the car’s 50-liter tank completely

before starting the journey. How many liters of gasoline were left in the tank of his car
when Onur arrived his destination?”.

Problem 3 was completed by twenty-nine students. Twenty-four students were
successful, and five students were unsuccessful. As can be seen in Table 4.3, twenty-
six students understood the given verbal information, but five students were unable to
state what is given and what is wanted in the problem, while they were able to re-write
the problem in their own words. Twenty-four students clearly indicated and carried
out a solution plan, but five of them were unsuccessful in organizing what is given in
order to reach the correct solution. The reason for this might be that the students who

preferred to use the arithmetic strategy had a misconception about fractions.

3. 2.adimda belirlediginiz verilen ve istenilen bilgileri dikkate alarak problemi nasil
¢bzeceginize dair bir plan yapiniz. Plammzi kendi ctimleleriniz ile agiklayimiz.
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4. 3. adimda yaptigimiz plant gbz 6niinde bulundurarak problemi ¢bziiniiz.
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Figure 4.4. An example worksheet from a fifth grade student (Problem 3)

59



As shown in Figure 4.4, they stated in “making a plan step” that “z of 50 must be

calculated firtly and then the result of this should be substracted from 50, but in the
calculation, they devided 50 by 3 instead of 5. The students who used the “making a
drawing strategy” reached the correct solution and made fewer mistakes in that
situation compared to the students who used the arithmetic strategy.

In the 3™ Problem, seventeen students were also unable to articulate why their solution
was correct as they just said “I am sure” without giving any explanation. Three
students had any control for their solution. Six students solved the problem in a

different way and checked their solution appropriately.

4. 3. adimda yaptigimz plam gz dniinde bulundurarak problemi ¢6ziiniiz.

\
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Figure 4.5. An example worksheet from a fifth grade student for codes IP1 and CASI1

As illustrated in Figure 4.5, the student used the arithmetic strategy successfully in the
implementation of the solution plan step. In the control and assessment of the situation
phase, that is, the fifth step of the problem solution, the student solved the problem in
a different way. He solved the problem by using the making a drawing strategy and

obtained the same result as the one he obtained in the previous step.
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Table 4.4. Frequency of the strategies used in Problems 1 and 3 in the fifth grade

ITEMS
ITEM 1 ITEM 3
Count (%) Count (%)
Use of ART |27 (93,1%) 28 (96,6%)
Strategy MD |2 (6,9%) 1 (3,4%)

As it can be concluded from the Table 4.4 that twenty-seven students in Problem 1 and

twenty-eight students in Problem 2 used the arithmetic strategy (ART) demonstrating

procedural understanding, and two students in Problem 1 and one student in Problem

2 used the making a drawing strategy demonstrating meaningful understanding. When

students’ written works were analyzed, it was seen that many students modeled the

questions and used the making a drawing strategy in their minds, but the students saw

the arithmetic part when they wrote down their plan.

Explanation of Students’ Use of Strategy

Example of Students’ Worksheet

Arithmetic Strategy (Problem 1)
Firstly, the student calculated the % of 24,

and he found % of 24 so that the number of

Buse’s and Esra’s crayons could be
founded. Then, he added up the results he
found (7 + 8).

3. 3. adimda yaptigmiz plam g6z oninde bulundurarak problemi ¢OZ0ntz.

AT 1
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Making a Drawing Strategy (Problem 1)
The student firstly divided a whole into 24
equal parts as it was given in the problem

7
statement that Buse uses 72 of her 24

1
crayons, and Esra uses 3 of 24 crayons. So,

the student marked 7 parts and 8 parts
respectively. Finally, the student saw that 15
parts that corresponded to 15 crayons were
used.

adimda _\'npnglm’

4. 3 it 20z 6niinde bulundurarak problemi ¢Ozimn
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Arithmetic Strategy (Problem 3)

.. 3
As it is seen, the student first calculated 5 of

50 and found 30. Then, he subtracted 30 out
of 50 to find the remaining amount of
gasoline.

4. 3.adimda yaptifiniz plami gz 6niinde bulundurarak problemi ¢éziin
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Making a Drawing Strategy (Problem 3) 4 3. adimda yaptgmz plant gbz Sntinde bulundurarak problemi ¢575a
At first, a whole was divided into 5 equal

parts. % of the whole was calculated by

dividing 50 by 5 and the result was found as
10. Finally, by multiplying 10 by 2, the

. 2
remaining two parts (E) were found to be

equal to 20.

Figure 4.6. Use of strategies of fifth grade students in Problem 1 and Problem 3

The 2™ and the 4™ Problem assessed students’ understanding of Sets and Whole
numbers. Additionally, the fifth grade students’ ability to use of the arithmetic strategy
and the working backward strategy was aimed to be examined with these two

problems. Therefore, these two problems were grouped and analyzed together.

Table 4.5. Frequency of problem solving steps codes with respect to Problems 2 and 4

in the fifth grade
ITEMS
ITEM 2 ITEM 4
Count (%) Count (%)
Seeks to Understand SUP1 |23 (79,3%) 22 (75,9%)
the Problem SUP2 |0 (0,0%) 1 (3,4%)
SUP4 |1 (3,4%) 1 (3,4%)
SUPS |5 (17,2%) 5 (17,2%)
Making a MPOI1 |9 (31,0%) 9 (31,0%)
Plan/Organization MPO2 |1 (3,4%) 3 (10,3%)
MPO3 | 19 (65,5%) 15 (51,7%)
MPO4 |0 (0,0%) 2 (6,9%)
Implementing the Plan IP1 9 (31,0%) 10 (34,5%)
1P2 20 (69,0%) 17 (58,6%)
P4 0 (0,0%) 2 (6,9%)
Control, Assessment of CAS1 |10 (34,5%) 6 (20,7%)
Situation CAS2 |16 (55,2%) 18 (62,1%)
CAS3 |2 (6,9%) 4 (13,8%)
CAS5 |1 (3,4%) 1 (3,4%)
Progression  Through PTA1 |5 (17,2%) 4 (13,8%)
All PTA2 |24 (82,8%) 25 (86,2%)

In the 2™ Problem, the following problem statement was given: “Anil receives six new

marbles and gives 13 of his marbles to his friend. If Anil has 41 marbles at the end,
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how many marbles did he have at first?”. In the 4™ Problem, which is also related to
subject of Sets and Whole Numbers, the following problem statement was given:
“Burak gives his brother 11 game cards in exchange for six game cards, and Burak
buys 15 new game cards and he has a total of 94 game cards. How many game cards
did Burak initially have?”. Nine students were successful in solving 2" Problem,
while twenty students were unsuccessful. 4" Problem was solved successfully by ten
students and seventeen students could not solve it. Furthermore, two students did not
have a correct or incorrect answer. As can be seen in Table 4.5, twenty-two students
appeared to demonstrate an understanding of the verbal information given in the 2™
and 4™ Problems, but five students seemed to not understand what is given and what
is wanted. Nine students made a solution plan successfully, while nineteen students in
the 2™ Problem and fifteen students in the 4™ Problem were unable to make an
appropriate solution plan. When the students’ solutions were examined in general, it
was seen that the students could not properly interpret the values given in the problem

statements. An example of a fifth grade students’ solution is given below.

4. 3. adimda yaptiimz plant géz 6niinde bulundurarak problemi ¢éziiniiz.
p
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Figure 4.7. An example worksheet from a fifth grade student for codes MPO3 (Problem 2)

In the solution of the 2™ Problem given above, the students were supposed to subtract
6 from 41 and add up 13. As seen in Figure 4.7, in contrast, the students added 6 to 41
and then subtracted 13.

4. 3. adimda yaptiginiz plam goz oniinde bulundurarak problemi ¢oziintz.

/-~ [
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Figure 4.8. An example worksheet from a fifth grade student for codes MPO3 (Problem 2)
Another example was given in Figure 4.8. It illustrates why students could not make a

solution plan properly and failed to solve problems 2 and 4 which are related to Sets
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and Whole Numbers. Another common error was that many students could not make
sense of the values given in the problem statement, and tried to reach the result by
adding 6 and 13 to 41 as illustrated in Figure 4.8.

In addition, it was concluded from the Table 4.5 that in the 4™ Problem, two students
appeared not to have the necessary knowledge about the concept. Like ten students in
the 2" Problem, six students provided an explanation for why their thinking was
correct in Problem 4. In these problems, students also just said “Yes, I am sure” in the
process of checking the problem. In this problem, students were given the chance to
practice the working backward strategy. It might be concluded that the students who
chose the working backward strategy generally solved the problem easily. The students
who used the arithmetic strategy summed up all the numbers given in the problem
without considering that some of them should be subtracted and some of them should

be added.

Table 4.6. Frequency of the strategies used in Problems 2 and 4 in the fifth grade

ITEMS
ITEM 2 ITEM 4
Count (%) Count (%)
Use of ART |22 (75,9%) 20 (69,0%)
Strategy NOS |0 (0,0%) 2 (6,9%)
WB |7 (24,1%) 7 (24,1%)

The students again mostly (twenty-two students in Problem 2 and twenty students in
Problem 4) tended to use the arithmetic strategy in the solution process, and seven
students appeared to use the working backwards strategy in the solution process of the

problems.
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Explanation of Students’ Use of Example of Students’ Worksheet
Strategy

Arithmetic Strategy (Problem 2) 4. 3.adimda yaptigimz plant goz 6niinde bulundurarak problemi ¢oziiniiz
The student first subtracted 6 from 13 A N -
because Anil gives his friend 13 !
marbles and receives 6 new marbles,
and the student found 7 as the result. T
Then, he added up 41 and 7.

Working Backward Strategy (Problem + 3 sdwmdayapugimz plant gz Gniinde bulundurarak prof
2)

The student firstly added 41 marbles to 4
13 marbles that Anil gives to his :
friends, and then subtracted 6 new 4
marbles from the 54 marbles.

Arithmetic Strategy (Problem 4) % Rl pio ghe St belantisnlpr et e
The student first subtracted 11 from 15
because Burak buys 15 new game cards

-

™~

N

and receives 11 new game cards from  _ ) -
his friends. Then, the student added the 24-10= o4

results 4 and 6 because Burak gave his

friends 6 game cards. Lastly, the

student subtracted 10 from 94.

Working Backward Strategy (Problem — # 3 admdayaptigimz plani g6z Sniinde bulundurgrak problemi ¢z iiniiz.
By using the backward strategy, the | il -
student firstly subtracted the 15 newly _ O —13'3 9 L
purchased game cards from 94 game 2, -~

cards. Then, he added 11 game cards, [
which Burak gives to his friend, to 79

playing cards. Finally, the student

added 6 game cards, which Burak
received from his brother, to 90 game

cards.

Figure 4.9. Use of strategies of fifth grade students in Problem 2 and Problem 4

Like the 2™ and 4" Problem, the 5" Problem and the 6™ Problem also assessed
students’ understanding of Sets and Whole Numbers. Furthermore, students’ ability to
use the arithmetic strategy, the guess and check strategy, the making a drawing
strategy, and the organizing data strategy were examined in these problems. In order
to make the tables simpler and more understandable, 1% and 2™ problems and 4™ and
5™ problems are grouped separately. Therefore, the 5™ and the 6™ Problems were

analyzed together. In the 5™ problem, that the following situation was given: “Tolga
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wants to build a wooden car for his little brother, and Tolga spent a total of 50 TL for
the boards and for the wheels. How much did he pay for the boards if the boards are
2 TL more expensive than the wheels?”. In the 6™ problem, the students were asked
the following problem: “Selin takes piano lessons every weekday for 30 minutes. Selin
also takes piano lessons for 60 minutes on Saturdays and Sundays. Find how many

minutes of piano lessons she takes for five days from Monday to Friday .

Table 4.7. Frequency of problem solving steps codes with respect to Problems 5 and 6

in the fifth grade
ITEMS
ITEM 5 ITEM 6

Count (%) Count (%)
Seeks to Understand SUPI |25 (86,2%) 22 (75,9%))
the Problem SUP2 |2 (6,9%) 3 (10,3%)
SUP4 |1 (3,4%) 1 (3,4%)
SUPS |1 (3,4%) 3 (10,3%)
Making a MPO1 |9 (31,0%) 24 (82,8%)
Plan/Organization MPO2 |3 (10,3%) 2 (6,9%)
MPO3 | 14 (48,3%) 3 (10,3%)
MPO4 |3 (10,3%) 0 (0,0%)
Implementing the Plan IP1 9 (31,0%) 26 (89,7%)
P2 15 (51,7%) 3 (10,3%)
IP3 2 (6,9%) 0 (0,0%)
P4 3 (10,3%) 0 (0,0%)
Control/Assessment of CAS1 |5 (17,2%) 6 (20,7%)
Situation CAS2 |12 (41,4%) 20 (69,0%)
CAS3 |11 (37,9%) 2 (6,9%)
CASS5 |1 (3,4%) 1 (3,4%)
Progression Through ~ PTA1 |4 (13,8%) 4 (13,8%)
All PTA2 |25 (86,2%) 25 (86,2%)

Problem 5 was solved correctly by nine students, while Problem 6 was solved correctly
by twenty-six students. Seventeen students answered Problem 5 incorrectly, and three
students could not solve it in any way. Moreover, three students failed in the solution
of Problem 6. The reason why students were more successful in the 6" Problem than

in the 5 problem could be that the 6 Problem is easier to understand than the 5%
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Problem, and the solution of Problem 6 requires only one operation. Another reason
might be that the 5™ Problem requires conceptual knowledge of algebra, while the 6™
problem is more procedural. As can be seen in Table 4.7, twenty-seven students
appeared to demonstrate an understanding of the verbal information in 5 Problem,
while two students appeared not to have understood the problem. Many of the students
(25 students) also clearly stated what is given and what is wanted in 6 Problem, but
four students were unable to understand the problem. In the 5" Problem, fourteen
students could not make a plan to solve the problem, and three students seemed not to
have the necessary knowledge to solve the problem. Only nine students made an
appropriate solution plan for the 5™ problem and implemented their solution plan
accurately. Briefly, in this problem, mathematically “two numbers with a difference
equal to 2 and the sum equal to 50” were asked to be found. Many students had
difficulty in understanding this statement because they thought more procedural.
Furthermore, this might be due to the fact that the students were not accustomed to
solving such problems in their math class or the students may lack conceptual
knowledge of algebra and they were not familiar with using the guess and check
strategy. The five of nine students using the guess and check strategy, given as an
example in Figure 4.10 below, found two numbers with a total of 50 and a difference

of 2.

lan: g6z 6niinde bulundurarak problemi ¢dziiniiz.

4. 3. adimda yaptigini
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Figure 4.10. An example worksheet from a fifth grade student for codes IP1 (Problem 5)

As seen in Figure 4.10, the student selected two numbers with a difference of 2 and
added them up until he obtained 50 as the result. In the fourth attempt, the student
found the numbers 24 and 26. At the same time, this method of solution (using the
guess and check strategy) made the student’s work much easier because he did not

need to use the concept of algebra, and knowing the addition operation was enough to
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solve the problem. In Figure 4.11, the most common mistake in solving the fifth

problem are exemplified below.

4. 3. adimda yaptigimiz plani goz 6niinde bulundurarak problemi ¢oziintiz
| n Peta )

Figure 4.11. An example worksheet from a fifth grade student for codes IP2 (Problem 5)

As it can be concluded from Figure 4.11, the student firstly assumed that two numbers
are equal, so he divided 50 by 2 and obtained 25. Since the difference between these
two number was 2, he must have added 1 to 25, and subtracted 1 from 25 to get the
numbers 24 and 26. However, since the student misinterpreted the expression in the
question, he added 2 to 25, and subtracted 2 from 25 and obtained the numbers 23 and
27, whose sum is 50 but the difference is 4.

Moreover, Table 4.7 shows that unlike the 5 Problem, twenty-four students appeared
to organize what is given to make an appropriate plan, and those students with two
students who did not clearly indicate their solution plan carried out their solution plan
successfully. Only three students were unable to solve the problem successfully. As
mentioned previously, the following problem statement was given: “Selin takes piano
lessons every weekday for 30 minutes, and Selin also takes piano lessons for 60
minutes on Saturdays and Sundays. How many minutes of piano lessons does she take
for five days from Monday to Friday?” The problem is quite easy and requires only
one operation. In this problem, the level of attention of the students was wanted to be
observed by giving them extra information that would not be used in solving problem.
When the number of successful students is considered, it can be concluded that the
students’ attention level is high. Only three students solved the problem by considering
the whole week although the students were asked how many minutes of piano lessons
were taken during a weekday.

In addition, it is seen in Table 4.7 that twelve students in 5™ Problem and twenty
students in 6 Problem only wrote “I am sure” in “controlling the answer” part as in

the previous problems. Eleven students did not give any explanations why their
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solution was correct. On the other hand, six students were able to articulate why their

solution was correct in both problems.

Table 4.8. Frequency of the strategies used in Problems 5 and 6 in the fifth grade

ITEMS
ITEM 5 ITEM 6
Count (%) Count (%)
Use of ALG |1 (3,4%) 0 (0,0%)
Strategy ART |18 (62,1%) 23 (79,3%)
GC |5 (17.2%) 0 (0,0%)
MD |0 (0,0%) 6 (20,7%)
NOS |4 (13,8%) 0 (0,0%)
ORD |1 (3,4%) 0 (0,0%)

At least 3 different strategies were used in the previous problems. Unlike the previous
problems, 5 different strategies were used in the solution process of Problem 5. One
student used the algebraic strategy; eighteen students used the arithmetic strategy; five
students used the guess and check strategy; and one student preferred to use the
organizing the data strategy in this problem, and four students could not use a strategy
to solve the problem. In the 6" Problem, the students again mostly (23 students) used
the arithmetic strategy in the solution process, while six students preferred to use the
making a drawing strategy demonstrating complete meaningful learning and in-depth

understanding.
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Explanation of Students’ Use of

Strategy

Example of Students’ Worksheet

Arithmetic Strategy (Problem 5)
Firstly, the student subtracted 2 from 50
since one of the numbers is 2 more than

4. 3. adunda yaptigimiz plani géz éniinde bulundurarak problemi ¢6ziiniiz.

L5 S5 '=A 26

the other. Then, he divided 48 by 2, and = ‘\

he found 24. Finally, he added 2 to 24 and

found the

GueSS and Check Strategy (Problem 5) 4. f.:nl:riwla yay?lif;’m;’z flan: gd durarak problemi ¢dziiniiz.

The student tried to find the numbers Z{ ! r;'g =50b ' ICLT

whose total is 50, and the difference is 2. ¢ L+ 2&=54 N 1 N ;' y
;-:/ S o v “RA —
44 ZakD = 7 l/

Arlthmetlc Strategv (Problem 6) 4.3 n’d\lmdu yaptigimiz plam giizdn[‘mdubul\md\lramk problemi goziiniiz.

The student multiplied 5 by 30 because 3 3 \

weekday lesson time was 30 minutes per x O

day. FeETa T Sy (e
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Maklng a Dranng (Problem 6) 4. 3. adimda yaptigimz plam goz oniinde bulundurarak problemi ¢éziiniiz.

The student organized the data by using ’?J: sl (o S0

the table. G T8 i J9 )
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Figure 4.12. Use of strategies of fifth grade students in Problem 5 and Problem 6

As talked above, first and third problems were about the concept of fractions and other

four problems were about the concept of sets and whole numbers. In general, students

have been successful in the step of understanding the problem in all problems.

Otherwise, when compared with the natural number problems, it is seen that the

students proceeded more successfully in the problem solving steps of fractions

problems. It is seen that students are more successful in planning and implementing

plan in fraction problems. When we look at the students’ use of strategy in solving

problems, a significant number of students used the arithmetic strategy while just 3

students preferred to use the making a drawing strategy in fraction problems. Students’

use of strategies is more diverse in whole number problems. In addition to the

arithmetic strategy, the students used the working backward, the guess and check, and

organizing data strategies in whole number problems.
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Problem 1 and Problem 6 assessed students’ understanding of the Sets and Whole
Numbers concept. Here, the students were asked to solve the problems that required
four operations with natural numbers. These problems are not very difficult for
students in terms of difficulty level. They mostly analyze the attention and
concentration of students while solving problems. In the 1% problem, students were
given extra information that was not needed to use in solving the problem. The 6"
Problem was adapted from a PISA problem. This problem tries to measure the level
of students’ ability to interpret and understand the detailed information, values and the
table given. Hence, these two problems were preferred to be analyzed together. At the
same time, these problems encourage students to use the making a drawing, guess and
check and organizing data strategies as well as the arithmetic strategy. In the first
problem, the students were asked the following problem: Atakan has 17 marbles and
6 toy cars. The number of Sinan's marbles is 5 minus the 4 times of the number of
Atakan's marbles. How many marbles does Sinan have?

Table 4.10. Frequency of problem solving steps codes with respect to Problems 1 & 6

in the sixth grade

ITEMS
ITEM 1 ITEM 6
Count (%) Count (%)
Seeks to Understand SUP1 |27 (93,1%) 22 (75,9%)
the Problem SUP2 |0 (0,0%) 1 (3,4%)
SUP4 |1 (3,4%) 2 (6,9%)
SUP5 |1 (3,4%) 4 (13,8%)
Making a MPOL1 |25 (86,2%) 17 (58,6%)
Plan/Organization MPO3 |4 (13,8%) 5 (17,2%)
MPO4 |0 (0,0%) 7 (24,1%)
Implementing the Plan IP1 25 (86,2%) 17 (58,6%)
P2 4 (13,8%) 4 (13,8%)
P4 0 (0,0%) 8 (27,6%)
Control/Assessment of CASI1 |12 (41,4%) 0 (0,0%)
Situation CAS2 |8 (27,6%) 19 (65,5%)
CAS3 |3 (10,3%) 9 (31,0%)
CASS |6 (20,7%) 1 (3,4%)
Progression Through ~ PTA1 |13 (44,8%) 0 (0,0%)
All PTA2 |16 (55,2%) 29 (100,0%)
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Twenty-nine students solved these problems in the sixth grade. In the solution of
Problem 1, twenty-five students were successful, while four students were
unsuccessful. As seen in Table 4.10, twenty-seven students appeared to re-write the
problem statement in their own words and to decide what is given and what is wanted
in the problem, but two students were unable to understand the verbal information
presented in the problem. Twenty-five students were able to make an appropriate
solution plan after understanding the problem and to carry out their solution plan
successfully, but four students could not establish a relationship between what is given
and what is wanted. It can be concluded that the students were able to recognize the
extra given information in the problem statement, and so they solved the problem
accurately. Moreover, twelve students gave an explanation for why their answer was
correct, while nine students had no explanations or just re-stated their solution. Eight
students just said “I am sure” without a clear explanation in the control part of the
problem. The reason for this is that the students were not accustomed to control and
check the solution of the problem.

The other problem is the 6 Problem about choosing the best and the most comfortable
way to go on holiday. The students were asked the following problem: Figure 1 shows
the map of the region, and Figure 2 shows the distance between the towns.

Figure 1: The map of the region.

Laleli

Kadi

Nurdan
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Akgaz

Kadi 550

Lateli |[°00 |30

Mengen 300 850 550

Nurdan 500 1000 | 450

Miras 300 850 800 600 250

Akgaz Kadi  Laleli Mengen Nurdan Miras

Figure 2. The distance between the towns

Calculate the shortest distance between Nurdan and Kadi.

In the 6™ Problem, seventeen students were successful, whereas four students were
unsuccessful. Eight students could not solve this problem. Twenty-three students
appeared to demonstrate an understanding of the verbal information presented in 6
Problem, whereas six students seemed not to have understood the problem situation in
any way. Seventeen students carried out their solution plan successfully, but seven
students seemed not to have the necessary knowledge to solve the problem. The reason
is not that students’ lack procedural knowledge since this problem only requires
knowing addition after understanding the story of the problem (problem situation) and
the values given in the problem statement. The reason might be the fact that the values
did not make sense to students and students had difficulty in interpreting the table

given in the problem.

4. 3. adimda yaptigimz plam géz oniinde bulundurarak Problcmi 4. 3.adimda yaptigimz plani g6z dniinde —bulundurarak problem
m /byﬂl\ ‘, Caole(in | L . ‘

hocdon OYLgan \; g .\l 1350 |
N \"“ '\\ \'B\wb

P_:_ﬂ_ \j\ % \ 2 'r /( J

ﬁucgom :>®BQ.:)1QB\ " I‘

Figure 4.13. An example worksheet from a sixth grade student for codes MPO3 (Problem 6)
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As seen in Figure 4.13 and the solution on the left, the student determined the route,
but he could not determine the distances between the towns because he could not
interpret the table in which the distance between the towns was given. As seen in the
solution given on the right, the student could not reach the right solution because he
chooses the possible routes incomplete.

In addition, in the 6" Problem, nineteen students only said “I am sure” without a clear
explanation about why their solution was correct, and nine students did not give any
explanations about the correctness of their answers. The reason might be that the

students could not find an alternative way of solution.

Table 4.11. Frequency of the strategies used in Problems 1 and 6 in the sixth grade

ITEMS
ITEM 1 ITEM 6

Count (%) Count (%)
Use of ART |28 (96,6%) 10 (34,5%)
Strategy GC |0 (0,0%) 1 (3,4%)
MD |1 (3,4%) 10 (34,5%)
NOS |0 (0,0%) 7 (24,1%)
ORD |0 (0,0%) 1 (3,4%)

Twenty-eight students used the arithmetic strategy, while one student used the making
a drawing strategy. As it can be concluded above, the students mostly had difficulty in
solving Problem 6. Five different problem solving strategies were used by the students
in solving this problem. Ten students preferred to use the arithmetic strategy, and ten
students used the making a drawing strategy in the solution process of Problem 6.
Additionally, one student used the ‘guess and check strategy’ and one student used the

‘organizing the data strategy’.
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Explanation of Students’ Use of Example of Students’ Worksheet

Strategy
Arithmetic Strategy (Problem 1) 4. 3. adimda yaptiginiz plam goz 6niinde bulundurarak problemi ¢isziniiz.
The student first multiplied 17 by 4 %
since it was given in the problem (¥ & _{35
statement that Sinan’s marbles were _;_ﬁ_ 7)?
four times of Atakan’s marbles. Then, 6%

he subtracted 5 from 68 and found 63
as the answer.

Guess and Check Strategy and Making
a Drawing (Problem 6)

The student drew a table to organize the

4. 3.adimda yaptigiz plani g6z Sniinde bulundurarak problemi ¢6ziiniiz.

given information and reached the
solution by checking all possible ways.

Figure 4.14. Use of strategies of sixth grade students in Problem 1 and Problem 6

Students’ knowledge of the concept of Decimal Numbers was assessed in Problem 2
and Problem 4 in the sixth grade. Students were asked to solve the problems that
require four operations with decimal expressions. For this reason, these two problems
were analyzed together. In the second problem, the students were given that the
following problem statement: “Yasar, who missed the service bus, gets into a taxi in
order not to be late for work and the opening fee of the taximeter is 3.50 TL, and the
price of every 100 meters is 25 Krs. Yasar gave 2 TL tip to the taxi driver and in total
he gave 12 TL, which included 2TL tip. What is the distance between Yasar’s house
and workplace in kilometers?”

Eight students gave the correct answer to Problem 2 and seventeen students answered
it incorrectly. Four students did not have any solution to Problem 2. The reason why
students mostly became unsuccessful in this problem might be that the story of the
problem is long and the problem requires interdependent number operations. This
reason might be offered because the students’ procedural knowledge about the subject

of decimal numbers seems to be generally good.
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Table 4.12. Frequency of problem solving steps codes with respect to Problems 2& 4
in the sixth grade

ITEMS
ITEM 2 ITEM 4

Count (%) Count (%)

Seeks to Understand SUPI |25 (86,2%) 22 (75,9%)
the Problem SUP2 |0 (0,0%) 1 (3,4%)
SUP4 |1 (3,4%) 4 (13,8%)

SUP5 |3 (10,3%) 2 (6,9%)

Making a MPOL1 | 12 (41,4%) 10 (34,5%)
Plan/Organization MPO2 |1 (3,4%) 5 (17,2%)
MPO3 | 11 (37,9%) 9 (31,0%)

MPO4 |5 (17,2%) 5 (17,2%)

Implementing the Plan IP1 8 (27,6%) 6 (20,7%)
P2 13 (44,8%) 9 (31,0%)

IP3 4 (13,8%) 0 (0,0%)

P4 4 (13,8%) 14 (48,3%)

Control/Assessment of CAS1 |4 (13,8%) 0 (0,0%)
Situation CAS2 |5 (17,2%) 10 (34,5%)
CAS3 |18 (62,1%) 19 (65,5%)

CASS5 |2 (6,9%) 0 (0,0%)

Progression PTA1 |3 (10,3%) 0 (0,0%)
All PTA2 |26 (89,7%) 29 (100,0%)

Twenty-five students determined what is given and what is asked, but four students
appeared not to have understood the verbal information presented in Problem 2.
Twelve students were able to make a plan to solve the problem, while five students
were unable to make a plan in any way. Eleven students had an inappropriate solution
plan since they could not organize what is given to reach what is asked in the problem.
Twenty-one students implemented their solution plan correctly, but eight of them had
a correct solution plan. Four students seemed not to have the essential knowledge to
solve the problem. This might be due to the fact that many students could not make
sense of the problem situation, the story of the problem, and the values given in the

problem statement.

77



4. 3.adimda yaptiginiz plan g5z Sniinde bulundurarak problemi ¢6ztniz,

192 )N X
9

10006 krs
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Figure 4.15. An example worksheet from a sixth grade student for codes MPO3 (Problem 2)

The example given in Figure 4.15 shows that the student made the number operations
correctly. However, he made a mistake in the last part of the solution. After he found
26, he should have multiplied it by 100 since number 26 refers to the numbers of 100
meters. Moreover, the reason why some other students could not make any solution
plan or they had an inappropriate solution plan might be that they could not make sense
of the values given in the problem. Furthermore, in this problem, eighteen students
had no control for whether their thinking was correct or not. Four students provided
an explanation for why their thinking was correct, and five students just said “I am
sure” in controlling the problem. Based on the high numbers of students who became
unsuccessful in the solution of this problem, it can be concluded that students generally
have no control of their solutions.

In the 4™ problem, the students were asked the following problem: Ahmet works in the
cafeteria of a company. Monthly membership fee is 8 TL in this cafeteria.

As shown in the table below, the price of a meal for members is lower than for non-

members.

Price of a meal for Price of a meal for

Non-members members

28TL 2,3TL
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Onur was the member of the cafeteria last month. Last month, including the
membership fee, he spent 56.3 TL in total. If Onur had not been a member, but had
eaten the same meals, how much would he have spent in TL?

This problem is different from the exercises or practice problems that students are
familiar with and frequently encounter in mathematics classes. The 4™ Problem as well
as the 2" Problem require the ability of analytical thinking and the ability to analyze
and interpret the values in the problem statement by understanding the problem
situation. Six students were able to solve Problem 4 successfully, while nine students
could not solve it. Fourteen students don’t have a solution. As exemplified in Figure
4.16, one of the reasons why students also mostly failed in the 4™ Problem is that

students were unable to make division with two decimal numbers.

4. 3. adimda yapugmiz plam gz Sniinde bulundurarak problemi ¢éziiniiz

# ——
- |

Figure 4.16. An example worksheet from a sixth grade student for codes MPO3 (Problem 4)

As it is seen in the example worksheet of a fifth grade student, the student was able to
do the necessary subtraction operation, but he was unable to divide 48.3 by 2.3.

As concluded from the Table 4.12, twenty-three students appeared to demonstrate
understanding of the verbal information presented in Problem 4, but six students
appeared not to have understood the problem. Ten students were able to demonstrate
a solution plan clearly, but nine students could not make a correct solution plan. The
students mostly understood the problem situation, but the lack of students’ ability to
use mathematical reasoning could be another reason for failure. While six students
who had the right solution plan applied their plans correctly, the solution of the nine
students was not enough to reach the correct result. Additionally, in the control phase
of the solution of the problem, ten students said “I am sure” without any explanation,
and nineteen students did not make any explanation about the correctness of the

solution in this problem.
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Table 4.13. Frequency of the strategies used in Problems 2& 4 in the sixth grade

ITEMS
ITEM 2 ITEM 4
Count (%) Count (%)
Use of ART |17 (58,6%) 23 (79,3%)
Strategy MD |1 (3,4%) 1 (3,4%)
NOS |4 (13,8%) 4 (13,8%)
ORD |1 (3,4%) 1 (3,4%)
WB |6 (20,7%) 0 (0,0%)

Seventeen students used the arithmetic strategy, while six students used the ‘working
backward strategy’. One student used the ‘making a drawing strategy’ and one student
used the ‘organizing the data strategy’ in Problem 2. When the data were analyzed, it
can be concluded that the students who chose to use the working backward strategy
were more successful in their solutions. However, it is seen that students mostly tended
to use the arithmetic strategy. This might be because of that the students were not
accustomed to use such strategies for meaningful learning and in-depth understanding.
In problem 4, twenty-three students preferred to use the ‘arithmetic strategy, but the

‘making a drawing strategy’ and ‘organizing the data strategy’ were used by one

student each.
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Explanation of Students’ Use of Strategy Example of Students’ Worksheet

o 3. sdmda yophiimiz plant gbz oninde bulundurarak problemt ¢BZ0n0z

Arithmetic Strategy (Problem 2) 457 = L, deta, 25Kr \

Firstly, the student subtracted 2 from 12. ( st = ot are 25ke) -z oy
Then, the student calculated how many 25 \\\7 , —
Krs there are in 1 TL and 10 TL. Next, he =

. 20 -2£ Hare
subtracted the opening fee of 3.5 TL from %ﬁo’_ s i T 2s0=6b io-_;__
10 TL, and he found the amount paid for + O

the route traveled as 6.5 TL. He calculated 2 (371002607 @
the number of 25 krs for 6.5 TL and found

26. Finally, he multiplied 26 by 100 and
found 2600 m (2 km) since the charge was
25 krs for 100 m.

Working Backward Strategy (Problem 2) ~ * * " yapusme plansozontnde bulundurarak problemt stztingz.
The student used the working backward
strategy. First, he subtracted the tip 2 TL,
and then subtracted the opening fee 3.5
TL from 12, respectively. He calculated <« oo

e =\ o Ner

the number of 25 krs in 6.5 TL and found AL - =

26. Finally, he multiplied 26 by 100 and 1e-BRo=56,)

. 6: = = o [Ny s\e
obtained 2600 m (2.6 km). P o e, S Pl

2o m = Lo Goo = .
Arlthmetlc Strategy (Problem 4) 4. 3. adimda yaptugimiz plani g6z 6niinde bulur/lduramk problemi ¢éziiniiz.
Firstly, the student calculated the amount 5?, 3 433 = 23 < W82, 4o .2
paid for food by subtracting 8 from 56.6 -Tg,‘g,_ o N 23
and obtained 48.3. Then, he divided 48.3 -
by 2.3 to find how many times Ahmet % . 533 iy
Usta ate, and obtained 21. Lastly, he £ 56
found the solution by multiplying 2.8 by 5388

21, and found 58.8 TL.
Organizing the Data Strategy (Problem 4)
The student first calculated how many

times Ahmet Usta went to cafeteria, and
he found 21. Then, he counted 21 times
2.3 rhythmically.

Figure 4.17. Use of strategies of sixth grade students in Problem 2 and Problem 4

Students’ understanding of the concept of a fraction as whole-to-a part relationship
was assessed in Problem 3 and Problem 5. The students solved the problems that

require processing with fractions. Students’ tendency to use the making a drawing
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strategy was also wanted to be evaluated with these problems. Thus, the 3™ and the 5

Problem were analyzed together. In the 3™ Problem, the students were given the

following problem statement: A patisserie owner bought 240 eggs, and he used % of

these eggs to make baklava, while the % of the rest of the eggs were used for a flaky,

savory pastry. How many eggs are left?

In the 5™ Problem related to the concept of fraction, the students were asked the
following problem: “A ball which was dropped from a certain height rises up to % of
its previous height after its first hit. If the ball increased by 24 cm after its second hit
to the ground, what was the height in cm when the ball was first dropped?

Fifteen students solved Problem 3 successfully, while thirteen students were
unsuccessful. One student did not have a solution to this problem. In the 3™ problem,
the students who were unsuccessful in solving the problem lacked attention in general.

An example was given in Figure 4.18 below. When the student’s work is analyzed, it

is seen that the student missed the statement .. '% of the rest of the eggs...” given in
the problem. Therefore, after he calculated the % of 240, which is equal to 90, he found

% of 90 instead of taking % of 150. That is the general reason why some students were

unsuccessful in solving the 3™ Problem.

4. 3.adunda yapugmiz plani gz dntinde bulundurarak problemi ¢iz(intiz.
£ 200 B
ﬁO u‘/?" ‘&O'/ ft( . Elc‘
—— \ = )
] \ =0

|Q

(‘JQO Lo .N) 70 e
am il B S Z=
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Figure 4.18. An example worksheet from a sixth grade student for codes MPO3 (Problem 3)

Problem 5 was solved by nine students successfully and twelve students were
unsuccessful in this problem. Eight students did not have a solution to this problem.

Similar to the 2" and 4™ Problem, the reason why students also generally failed in the
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5" Problem is not the lack of procedural knowledge about the concept of decimal

number operation, but the lack of students’ ability to use mathematical reasoning.

4. 3. adinda yvaptugnz plam pdz Sniinde bulundurarak problemi gisziiniiz

242 =1L
)
-3 D)

Figure 4.19. An example worksheet from a sixth grade student for codes MPO3 (Problem 5)

An example worksheet was given in Figure 4.19. In the 5™ Problem, it was given that
a ball rises up to é of its previous height after its first hit. The students were asked the

height in cm when the ball was first dropped, if the ball increased by 24 cm after its

second hit to the ground. Mathematically, the students were first asked to find out

which number’s % is equal to 24. Hence, they should have divided 24 by 2 and then
multiplied the result by 5. However, as it can be seen, the student tried to find S of 24,
and so he multiplied 24 by %

Table 4.14. Frequency of problem solving steps codes with respect to Problem 3 and

5 in the sixth grade

ITEM
ITEM 3 ITEM 5
Count (%) Count (%)
Seeks to Understand SUP1 |22 (75,9%) 21 (69,0%)
the Problem SUP2 |0 (0,0%) 1 (3,4%)
SUP4 |3 (10,3%) 3 (10,3%)
SUP5 |4 (13,8%) 4 (17,2%)
Making a MPO1 | 17 (58,6%) 7 (24,1%)
Plan/Organization MPO2 |1 (3,4%) 2 (6,9%)
MPO3 | 10 (34,5%) 12 (41,4%)
MPO4 |1 (3,4%) 8 (27,6%)
Implementing the Plan IP1 15 (51,7%) 9 (31,0%)
P2 11 (37,9%) 12 (41,4%)
IP3 2 (6,9%) 0 (0,0%)
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Table 4.14. continued

P4 1 (3,4%) 8 (27,6%)
Control/Assessment of CAS1 |1 (3,4%) 1 (3,4%)
Situation CAS2 120 (69,0%) 13 (44,8%)

CAS3 |8 (27,6%) 15 (51,7%)
Progression Through ~ PTAL |1 (3,4%) 1 (3,4%)
All PTA2 |28 (96,6%) 28 (96,6%)

As given in Table 4.14, twenty-two students seemed to demonstrate an understanding
of the verbal information, but seven students failed to comprehend the verbal
information in these problems. Seventeen students could make an appropriate plan by
organizing what is given to reach what is wanted and chose the appropriate strategy to
solve the problem in Problem 3, while only seven students succeeded in this phase in
Problem 5. This might be due to the fact that, as illustrated in Figure 4.19, the students
lack meaningful learning and they failed to comprehend the problem situation in the
5% Problem. Therefore, they were unable to choose and implement the correct
calculations. Ten students in Problem 3 and twelve students in Problem 5 had a
solution plan, but it was not enough to reach the right result. Problem 3 was solved by
fifteen students, and Problem 5 was solved by nine students correctly. It was seen that
eight students did not possess the necessary knowledge to solve Problem 5. In the
control phase of the solution, twenty students only said “I am sure”, and eight students
made no attempt in Problem 3. In Problem 5, fifteen students made no attempt in the
control phase of the solution, and thirteen students only said “I am sure” without giving

any explanation.

Table 4.15. Frequency of the strategies used in Problems 3 and 5 in the sixth grade

ITEMS
ITEM 3 ITEM 5
Count (%) Count (%)
Use of ART |24 (82,8%) 17 (58,6%)
Strategy MD |4 (13,8%) 4 (13,8%)
NOS |1 (3,4%) 8 (27,6%)

As seen in Table 4.15, twenty-four students in Problem 3 and seventeen students in
Problem 5 seemed to use the ‘arithmetic strategy’ in the solution process. In each

problem, four students tended to use the making a drawing strategy. In the sixth-grade
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problem solving achievement test, when the students’ solution process is considered,
it is seen that students generally preferred to use the arithmetic strategy as the fifth
graders. The reason for this might be that they are used to the exam marathon, and they
perceive using other strategies as a waste of time. In addition, it can be said that the

students are very familiar with arithmetic strategies and they do not encounter other

strategies.
Explanation of Students’ Use of Example of Students’ Worksheet
Strategy
Arlthmetlc Stra‘[egy (Prob]em 3) 4. 35’?{"8?'"”:\“%’8‘0"“ bulundurarak problemi ¢8ziiniiz.
The student calculated g of 240 and 80.2=90..= bokbave a0 harcarnn

ah0-90= 150
found 90. Then, he subtracted 90 from 150_:_5: 50

240 to find the rest of the eggs and found ‘ A= 10 Fodd &ita bhaes

150. Next, he calculated % of 150 to find ?QOO-FSO :24%909“@ o
numbers of eggs used for flaky. He added 240-240= 30 tance Juwns fo Lol
90 with 120 to find the total number of
eggs used. Finally, he subtracted 210
from 240 and found 30.

Making a Drawing Strategy (Problem 3)
In this solution, the student made the

4. 3, adimda yapuimz plani g6z Sntinde bulundurarak problemi ¢ozGniiz.

calculations by using the making a
drawing strategy, and he found the
number of eggs left as 30.

Arithmetic Strategy (Problem 5) 4. 3. adimda yapugimiz plam g6z Sniinde bulundurarak problemi ¢éziiniiz
The student first divided 24 by 2 and /’Ll_, —f_,—‘,l:{(L
multiplied thze result by 5 to find the 40 ¥ 5= b0
number that - of it equals to 24, and he 74 22=39

obtained 60. Then, he divided 60 by 2 20X5 =450
and multiplied the result by 5 to find the

number that é of it equals to 60, and he
found the result as 150.
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4. 3.adimda yaptigimz plam gdz \'in}y\\dc bulundurarak problemi ¢5ziintz.

Making a Drawing Strategy (Problem 5)

In this solution, the student first used the ’,,\m \Oof
mathematical model to understand the = &
problem and determined the calculations. k; -1 B 5 gon _—
Then, he made his calculations and found I\ )z - 0/
the result as 150. A B NG
Plptim NTs Ne”™

225 - b ©
r2=3°
A gy

Figure 4.20. Use of strategies of sixth grade students in Problem 3 and Problem 5

In the sixth grade problem solving achievement test, the first and sixth problems are
whole numbers problems, the second and fourth problems are decimal number
problems, and third and fifth problems are fraction problems. It is seen that the
problems in which sixth grade students progress best in problem solving steps are
whole number problems, and the problems that they fail most in problem solving steps
are decimal number problems. Although they succeeded in the step of understanding
the problem in decimal number problems, they failed to form an appropriate solution
plan and implement the plan. While the sixth grade students used different strategies
in whole number problems, the students could not go beyond to use the arithmetic
strategy in decimal number problems. In the fraction problems, the sixth grade students
used the making a drawing strategy as well as arithmetic strategy more than fifth grade

students.
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Problem 1, Problem 2 and Problem 3 were analyzed together because in these
problems, students’ understanding of the whole numbers concept was assessed. These
problems which require four operations with natural numbers were solved by twenty-
five seventh grade students. In the 1% Problem, the students were asked the following
problem: “Mathematics teacher Sinan is writing a new test book. One person changes
two pages facing each other in the book. The product of these two numbers is 812.
What are these two numbers?”. Fifteen students completed Problem 1 successfully,
while five students were unsuccessful. Five students did not make any attempt to solve
this problem. This problem is actually a problem that the students are not very familiar
with, and that cannot be solved by using equations and direct arithmetic operations.
For this reason, the 1% Problem requires using mathematical reasoning before directly
making calculations. The students who realized that the guess and check strategy
should be used were able to reach a solution in some way. However, the others were

unable to solve the problem.

Table 4.17. Frequency of problem solving steps codes with respect to Problems 1, 2

and 3 in the seventh grade

ITEMS
ITEM 1 ITEM 2 ITEM 3
Count (%) Count (%) Count (%)
Seeks to SUPL |21 (84,0%) 15 (60,0%) 16 (64,0%)
Understand the SUP2 |2 (8,0%) 1 (4,0%) 0 (0,0%)
Problem SUP4 |1 (4,0%) 4 (16,0%) 9 (36,0%)
SUPS |1 (4,0%) 5 (20,0%) 0 (0,0%)
Making a MPOL1 |14 (56,0%) 11 (44,0%) 8 (32,0%)
Plan/Organization MPO2 |3 (12,0%) 6 (24,0%) 4 (16,0%)
MPO3 |5 (20,0%) 3 (12,0%) 1 (4,0%)
MPO4 |3 (12,0%) 5 (20,0%) 12 (48,0%)
Implementing the IP1 15 (60,0%) 2 (8,0%) 11 (44,0%)
Plan P2 5 (20,0%) 9 (36,0%) 1 (4,0%)
IP3 0 (0,0%) 8 (32,0%) 1 (4,0%)
P4 5 (20,0%) 6 (24,0%) 12 (48,0%)
Control/Assessme CAS1 0 (0,0%) 0 (0,0%) 2 (8,0%)
nt of Situation CAS2 |16 (64,0%) 14 (56,0%) 7 (28,0%)
CAS3 |8 (32,0%) 11 (44,0%) 16 (64,0%)
CAS5 |1 (4,0%) 0 (0,0%) 0 (0,0%)
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Table 4.17. continued

Progression PTA1 0 (0,0%) 0 (0,0%) 2 (8,0%)
Through All PTA2 |25 (100,0%) 25 (100,0%) 23 (92,0%)

As can be concluded from Table 4.17, twenty-three students seemed to demonstrate
an understanding of the verbal information presented in Problem 1, but two students
were unable to determine what is given and what is wanted in the problem. Fourteen
students indicated an appropriate solution plan, and three students’ solution plan is not
clear. However, five students had a plan in which what is given in the problem could
not be organized to generate an appropriate plan to reach a solution. Fifteen students
seem to implement his solution plan and solve the problem successfully. Five students
seemed not to have the essential knowledge to solve the problem. The five students
who did not have any solution and the five students who had the wrong solution did
not lack the knowledge of content, because the solution of the problem requires only
the knowledge of multiplication. The reason might be that students could not consider
using the guess and check strategy. None of the students provided an explanation for
why their answer was correct. Sixteen students just said “I am sure” and eight students
re-stated the solution they applied in the solution plan in the control phase of the
solution process. The reason for this is that there is no alternative solution other than

providing checksum.
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Figure 4.21. An example worksheet from a seventh grade student for codes IP1 (Problem 1)

As shown in the example above, the student chose two different numbers and

multiplied these numbers to obtain the result 812.
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The 2" Problem is also related to the whole numbers concept. In this problem, the
ability of students’ comprehension of problem situation and the use of working
backward strategy was intended to be analyzed. In the 2" Problem, the students were
given the following problem statement: “There are some candies in Emir's bag. As he
travels home with a bag of candies, he meets his friend Onur and gives half of his
candies to him and one more candy to another friend. While walking home, he also
encounters Selin and gives her half of the remaining candies and one more candy in
his bag. As he moves along the way, he sees a child crying and gives him half of the
remaining candies in his bag and another candy. As soon as Emir arrives his home,
he opens his bag and sees that 5 candies were left. How many candies did Emir have
at first?”. Problem 2, in which the seventh-grade students failed most, was solved only
by two students successfully. Seventeen students solved this problem incorrectly and
six students could not answer it in any way. Thus, in this problem, the rate of students’
success is quite low. As you can recall, the fifth and the sixth grade problem solving
achievement tests included problems similar to this problem. The success rate of the
fifth and sixth grade students in such problems was also not high there, though not as
low as the seventh grade students’ success. The problem asked to the 7" grade students,
the story of the problem is longer and requires a little more attention to make sense of
the values given. There are only two students who got exactly the right result, but the
others’ results are not entirely wrong. These students often made small mistakes and

missed some values because they were a bit careless during the solution.
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Figure 4.22. An example worksheet from a seventh grade student for codes IP1 (Problem 2)

When the example given in Figure 4.22 is examined, it is seen that the student added

1 after multiplying the number of remaining candies by 2 in the first solution attempt.
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However, he had to multiply by 2 after adding 1 to the remaining candies in his bag
since the statement was “...he sees a child crying and gives him half of the remained
candies and one more candy...” in the problem. He noticed his mistake and canceled
this solution and provided another solution. In his second solution, he subtracted a
candy he gave to his friend every time instead of adding it back.

As seen in Table 4.17, sixteen students understood what is given and what is wanted
in the 2" problem and re-wrote the problem statement in their own words, but nine
students were unable to understand the verbal information presented in the problem.
Four of the nine students failed in the process of deciding what is given and what is
wanted in the problem and re-writing the problem statement in their own words, and
five of them were able to re-write the problem in their own words, while they were
unable to determine what is given and what is asked in the problem. When compared
with other problems in the test, this problem was seen as the most difficult problem to
understand by the students. One of the reasons for this is that, compared with the other
problems, this problem may be thought to include more verbal expressions and a
longer story. Eleven students indicated their solution plans clearly, but six students did
not show their right or wrong solution plans. Three students made a wrong solution
plan, and five students were unable to make a plan thoroughly as there was no
organization of what is given and no use of strategy. While only two of the eleven
students with the right solution plan applied the solution plan correctly and reached
the correct result, nine students could not carry out the solution plan properly.
Although six students who did not have an accurate solution plan, and three students
who had a completely wrong solution plan could not reach the correct result, they were
able to implement their solution plan. Five students seemed not to have the necessary
knowledge to solve the problem. In the control phase of problem solution, eleven
students gave no opinion about whether their answer was correct or not.

Another problem about the whole number is the 3™ Problem. In the 3" Problem,
students were given that the following statement: “70 make a library, a carpenter
needs the following parts: 4 long wooden boards, 6 short wooden boards, 12 small
nails, 2 large nails, and 14 screws. There are 26 long wooden boards, 33 short wooden
boards, 200 small nails, 20 large nails and 510 screws in carpenter's warehouse. How

many libraries can this carpenter make? Eleven students were successful in solving
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the problem, while two students were unsuccessful. Exactly eleven of the students
could not give a right or wrong answer in any way. In fact, this problem is an easy
problem in terms of the operations it contains. However, unlike questions of exercise
or practice that the students are accustomed to, one of the reasons that make it difficult
for students to understand the problem and cause them to be unsuccessful might be
that the problem is a word problem.

As can be concluded from Table 4.17, sixteen students seemed to have an
understanding of the verbal information presented in the problem, but nine students
were unable to understand the problem statement. Eight students were able to indicate
their solution plan clearly, while four students did not state their plan clearly. Eleven
of the twelve students solved the problem accurately. One student had a plan, but he
was completely unable to organize what is given to reach the correct result. Twelve
students appeared not to possess the necessary knowledge to solve the problem since
they could not make a solution plan and carry out the solution plan. As mentioned
briefly above, this might be due to the students’ inability to understand the problem
situation and the story of the problem. For this reason, the students who gave the wrong

answer also generally gave unrealistic answers.

Correct solution Wrong solution
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Figure 4.23. An example worksheet from a seventh grade student (Problem 3)

As with the solution on the left given in Figure 4.23, the student is expected to divide
the number of materials the carpenter has to use to make the library by the number of
materials required to make a library. Then, the smallest of the result can be generalized
for the number of libraries that can be made. In the correct solution, the student

calculated the long wooden boards enough to make 6 libraries, short wooden boards
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enough to make 5 libraries, small nails enough to make 16 libraries and so on. As a
result, the student found that the carpenter can make 5 libraries with the materials he
has. In the wrong solution, the students answered the problem as 6 libraries. However,
to make 6 libraries, 36 short wooden boards are needed, but the carpenter has 33 short
wooden boards.

Two students demonstrated an explanation for why their answer was correct, and seven
students just said “I am sure” without any explanation in the control phase of the
problem. Sixteen students gave no explanation for the accuracy of their answer. The
reason for this might be that the students who answered the problem correctly could

not find an alternative solution and the number of unsuccessful students was high.

Table 4.18. Frequency of the strategies used in Problems 1, 2 and 3 in the seventh

grade
ITEMS
ITEM 1 ITEM 2 ITEM 3
Count (%) Count (%) Count (%)
Use of ALG |2 (8,0%) 2 (8,0%) 0 (0,0%)
Strategy ART |2 (8,0%) 3 (12,0%) 13 (52,0%)
GC 16 (64,0%) 0 (0,0%) 0 (0,0%)
NOS |5 (20,0%) 7 (28,0%) 12 (48,0%)
WB |0 (0,0%) 13 (52,0%) 0 (0,0%)

As seen in the table 4.18, the majority of the fifth and sixth grade students preferred
the arithmetic strategy in the process of problem solving. However, in the seventh
grade, this situation is different. While two students in Problem 1 and three students in
Problem 2 used the arithmetic strategy, two students used the algebraic strategy in
these problems. Sixteen students used the ‘guess and check strategy’ in Problem 1, and
thirteen students preferred to use the ‘working backward strategy’ in Problem 2. All
the students took a short course to be familiar with the problem solving strategies
before doing the problem solving achievement test. Nonetheless, the main reason for
this situation might be the fact that the researcher was familiar with the seventh grade
students and that they were together for longer periods in the mathematics classes than
in the fifth and sixth grade students. In Problem 3, thirteen students used the ‘arithmetic

strategy’, and twelve students were unable to use a strategy to solve the problem.
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Explanation of Students’ Use of Strategy

Example of Students’ Worksheet

Guess and Check Strategy (Problem 1)
The student chose two numbers and multiplied
them until he obtained 812 as a result.
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Working Backward (Problem 2)
As the student used the working backward
strategy in solving this problem. First, he added

4. 3. adimda yapugmz plam goz ontinde bulundurarak problem ¢oziniz
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the carpenter had by the number of the
materials that are required to make a library.
Then, he generalized the smallest results to find
the answer.
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Figure 4.24. Use of strategies of seventh grade students in Problem 1, Problem 2 and Problem 3

Problem 4 and Problem 6 assessed students’ understanding and ability of solving

problems with rational numbers. Problem 4 and Problem 6 were completed by twenty-

five students. In the 4™ Problem, the students were given the following problem

statement: Each time a ball falls, it rises up to 4/10 of its previous height. If the ball

rises 16 cm above the ground in its third fall, how many meters was the first drop of

this ball?

Table 4.19. Frequency of problem solving steps codes with respect to Problem 4 and

6 in the seventh grade

ITEMS
ITEM 4 ITEM 6
Count (%) Count (%)
Seeks to Understand SUPI |17 (68,0%) 18 (72,0%)
the Problem SUP2 |1 (4,0%) 2 (8,0%)
SUP4 |5 (20,0%) 4 (16,0%)
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Table 4.19. continued

SUP5 |2 (8,0%) 1 (4,0%)
Making a MPOL1 | 12 (48,0%) 15 (60,0%)
Plan/Organization MPO2 |4 (16,0%) 5 (20,0%)
MPO3 |1 (4,0%) 1 (4,0%)
MPO4 |8 (32,0%) 4 (16,0%)
Implementing the Plan IP1 8 (32,0%) 14 (56,0%)
1P2 1 (4,0%) 5 (20,0%)
IP3 8 (32,0%) 1 (4,0%)
P4 8 (32,0%) 5 (20,0%)
Control/Assessment of CAS1 |0 (0,0%) 7 (28,0%)
Situation CAS2 |14 (56,0%) 11 (44,0%)
CAS3 |11 (44,0%) 7 (28,0%)
Progression Through ~ PTAI1 |0 (0,0%) 7 (28,0%)
All PTA2 |25 (100,0%) 18 (72,0%)

In solving the 4 Problem, eight students became successful and nine of them were
unsuccessful. The number of the students who did not have any solution was eight.
This Problem is similar to the fifth problem in the fifth grade problem solving
achievement test. It seems that most of the 6 grade students also could not make sense
of the values given in the problem. As seen in Table 4.19, eighteen students appeared
to have understood the verbal information given in Problem 4, but seven students were
unable to determine what is given and what is asked in the problem. Twelve students
were able to make a solution plan accurately, and four students did not explain their
solution plan clearly. One student could not organize and relate between what is given
to reach what is asked. In this problem, eight students appeared not to have organized
what is given and not to have used a strategy, so they could not make a plan thoroughly.
The reason why 8 students were unable to understand the problem statement and to
develop a solution plan might be that the students are accustomed to exercise and
practice-oriented questions rather than to the questions that need mathematical
reasoning. Also, they seemed not to have the necessary knowledge to solve the
problem. While implementing the solution plan, eight students were successful, but
nine students were unable to carry out their solution plan correctly. The students who
could not fully implement the solution plan preferred to use the arithmetic strategy.
The method of solution followed by these nine students was correct but not complete.

Fourteen students said “I am sure” without a clear explanation about why their answer
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was correct, and eleven students had no control for whether their answer was correct

or not.

4. 3. adimda yaptigimiz plani goz oniinde bulundurarak problemi ¢oziniiz
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Figure 4.25. An example worksheet from two seventh grade students (Problem 4)

As you remember, in the 4™ Problem, the students were given that each time a ball
o 4 .. . .
falls, it rises up to 7 of its previous height, and the students were asked to find out

from how many meters the ball was dropped if the ball rises 16 cm above the ground
in its third fall. In the solutions given in the example in Figure 4.25, the solutions of
the students would have been correct if the ball had risen 16 cm above the ground in
its second hit. Thus, the students have to make another calculation like this. When the
data was analyzed, in general, it was seen that the students who modelled the problem
did not make this mistake. It might be concluded that using the making a drawing
strategy facilitated students’ meaningful learning and logical thinking and reduced
mistakes.

Another rational number related problem was the Problem 6. In the 6 Problem, the
students were given the following problem statement: After the 8/15 of a road has been
taken, 5/7 of the rest of the road is gone. If the remaining road is 50 km, how many
kilometers is the whole road? Fourteen students solved this problem correctly and six
students were successful in solving this problem. In addition, five students had no
solution in any way. The reason is that these students did not have enough and
necessary knowledge about the subject. Moreover, it can be concluded that the students
were more successful in the 6™ Problem than the 4™ Problem related to the same
subject.

Twenty students seemed to have demonstrated an understanding of the verbal
information presented in the problem, while five students were unable to understand
the problem. Fifteen students had a clear solution plan, and five students did not show
their solution plan completely. One student was not able to make a solution plan

correctly, and four students had no correct or incorrect solution plan. Nineteen students
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solved the problem in accordance with their solution plan. Fourteen of them were able
to reach the correct answer, but five students’ solution was not correct because of the
inappropriate solution plan. One student was unable to implement his correct solution
plan accurately, and five students seemed not to have the necessary knowledge to solve
the problem. In the control phase of the problem, seven students clearly explained why
their answer was correct, and eleven students just said “I am sure” without any
explanation. Seven students did not have any control of whether their thinking was

correct or not.

Table 4.20. Frequency of the strategies used in Problems 4 and 6 in the seventh grade

ITEMS
ITEM 4 ITEM 6
Count (%) Count (%)
Use of ART [3 (12,0%) 10 (40,0%)
Strategy MD |5 (20,0%) 10 (40,0%)
NOS |8 (32,0%) 5 (20,0%)
WB |9 (36,0%) 0 (0,0%)

In the seventh grade, three students used the arithmetic strategy, while five students
used the making a drawing strategy and nine students used the working backward
strategy in the solution process of Problem 4, while eight students were unable to use
any problem solving strategy. In solving Problem 6, ten students used the ‘arithmetic
strategy’’ and ten students used the ‘making a drawing’ strategy, but five students were
not able to use any problem solving strategy. In the 5™ and 6 grade problem solving
achievement test, similar problems related to fractions were asked. The ability of the
students to use the making a drawing strategy can be observed in the fractional
problems in the fifth and sixth grade tests and the rational number problems in the
seventh grade test. It can be observed that the students at higher grade levels preferred

to use the making a drawing strategy more.
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Explanation of Students’ Use of
Strategy

Example of Students’ Worksheet

Arithmetic Strategy (Problem 4)
The student first calculated the % of 16

and found the ball’s height before the
37 hit to ground as 40 cm. Then, he

calculated the % of 40 and found the

ball’s height before the 2™ hit to
ground as he

calculated the % of 100 and found the

ball’s height before the 1* hit to ground
as 250 cm which equals to 2.5 m.

100 cm. Finally,

Making a Drawing Strategy (Problem

4)

The student reached the answer by

modelling the problem and making the
necessary calculations.

4. 3 adimda yaptiginiz plani géz 6ntinde bulundurarak problemi ¢ozinuz
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Arithmetic Strategy ( Problern 6)

The student first subtracted — from i—g
to find the remaining road. Then, he
L 7 5 5
multiplied I by - to find 5 of the
remaining road. Next, he subtracted%

from % to find the remaining road in

the last situation. It is given that the
.2 .

remaining -~ of the road is 50 km, so

the whole road is equal to 375 km.

)|

Making a Drawing Strategy (Problem
6)

The student first divided a whole into
15 equal parts and scans 8 of them.

Then, he scanned 5 of the remaining 7
parts and the last 2 parts remained.

Since the remalmng two parts (E)

were equal to 50 of the road was

equal to 25. Therefore, the entire road
was the result of the multiplication of
15 and 25, which is 375 km.

Figure 4.26. Use of strategies of seventh grade students in Problem 4 and Problem 6
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In the 5™ Problem, students’ knowledge of subject of integers was assessed. The
problem situation to use of the arithmetic strategy and the organizing data strategy was
provided in this problem. In the 5" Problem, the problem statement was as follows:
An electric heater is switched on in a room where the air temperature is 12 °C. The
heater increases the temperature of the room every 4 minutes by 4 °C. How many

minutes does it take for the temperature of the room to reach 24 °C?

Table 4.21. Frequency of problem solving steps codes with respect to Problem 5 in the

seventh grade

ITEM
ITEM 5
Count (%)
Seeks to Understand SUP1 |19 (76,0%)
the Problem SUP2 |2 (8,0%)

SUP4 |1 (4,0%)
SUPS |3 (12,0%)
Making a MPOL1 |12 (48,0%)
Plan/Organization MPO2 |4 (16,0%)
MPO3 |5 (20,0%)
MPO4 |4 (16,0%)
Implementing the Plan IP1 13 (52,0%)
P2 6 (24,0%)
IP3 3 (12,0%)
P4 3 (12,0%)
Control/Assessment of CASI1 |1 (4,0%)
Situation CAS2 |19 (76,0%)
CAS3 |5 (20,0%)
Progression Through ~ PTA2

0
Al 25 (100,0%)

This problem was completed by thirteen students successfully, and nine students were
unsuccessful. The reason why the students were unsuccessful in solving the problem
might be that they were unable to understand the problem situation and the values
given in the problem situation. Moreover, three of the students did not solve the
problem. These three students seemed not to have the necessary knowledge to solve

the problem. Twenty-one students wrote what is given and what is asked in the
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problem statement, but four students were unable to understand the problem. Twelve
students made a proper solution plan, and four students also had a solution plan, but
they could not show it clearly. Nine students did not have a proper solution plan. Five
of those nine students were unable to correctly organize what is given to reach what is
asked, and four of them did not have any correct or wrong solution plan. Thirteen
students successfully solved the problem, but three students were unable to carry out
the solution plan correctly. Three students seemed not to have the necessary
knowledge to solve the problem. The example worksheets of two of the students who
were unsuccessful in solving the problem indicate that these students mostly
misinterpreted the values given in the problem statement. One student explained why
his answer was correct, but five students could not give an explanation about the
correctness of their solutions. Nineteen students just said “I am sure” without any

explanation.
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Figure 4.27. An example worksheet from two seventh grade students (Problem 5)

In the Problem, it was given that the temputure is 12 °C, and the students were asked
how many minutes later it can be 24 °C if the temperature increases to 4 °C in 3
minutes. In the solution on the left, the temperature increased by 4 °C in the first 3
minutes, and then, it increased by one every minute until 24 °C. Hence, the student
found the answer as 23. In the other solution on the right side, the student increased
the temperature by 4 °C in 3 minutes, but he did not notice that the temperature was 12
degrees at the beginning, so the temperature was needed to be increased by 12 °C

instead of 24 °C.
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Table 4.22. Frequency of the strategies used in Problem 5 in the seventh grade

ITEM
ITEM 5
Count (%)
Use of ART |14 (56,0%)
Strategy NOS |4 (16,0%)
ORD |7 (28,0%)

As seen in Table 4.22, in Problem 5, fourteen students preferred to use the arithmetic
strategy, while seven students used the ‘organizing the data’ strategy. It can also be
seen in this problem that seventh grade students seemed to be inclined to use a variety

of problem solving strategies.

Explanation of Students’ Use of Strategy Example of Students’ Worksheet

4. 3_adimda yaptuigimiz plan goz 6nunde bulundurarak problemi ¢ozunoz

Arithmetic Strategy (Problem 5)

The temperature rose by 4 °C for 3
minutes. The student divided 12 by 4 to
find out hf)w many times the temperature e LY 2
should be increased, and he found 3. Then, st ) s 53

. 1. O &
he multiplied 3 by 3, and he found the < =y
answer as 9 minutes.
b 4. 3. adimda yaptigimz plam goz oniinde bulundurarak problemi ¢oz(iniiz,
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organizing the data considering what was
given.
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Figure 4.28. Use of strategies of seventh grade students in Problem 5

In the seventh grade problem solving achievement test, the first, second and third
problems are whole number problems, the fourth and sixth problems are rational
number problems and the fifth problem is integer problem. Seventh grade students,
like fifth and sixth grade students, seem to be successful in the step of understanding
the problem in the solution of all problems. Seventh grade students seem to be more
successful in problem solving steps in integer problem. However, they were unable to

proceed in the problem solving steps of whole number problems -especially in the
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second problem- than the fifth and sixth grade students. Although 11 students made an
appropriate solution plan for the second problem, only two students were able to
implement the solution plan correctly. In addition, fifth and sixth grade students
usually solved the problem by using the traditional method of arithmetic strategy. On
the other hand, seventh grade students used the other problem solving strategies such
as the guess and check, the working backward strategy, the making a drawing strategy,
the algebraic strategy in all problems. For example, in the solution of the firth problem,
16 students used the guess and check strategy, in the solution of the second problem
13 students used the working backward strategy and in the solution of the fourth

problem 9 students used the working backward strategy.
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4.2.4. Eighth Grade Problems
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Problem 1 and Problem 2 assessed students’ understanding of the concept of Whole

Numbers as least common multiple, greatest common factor. All these items in the 8
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grade problem solving achievement test were completed by thirty-three 8" grade
students. In the 1% Problem, the students were given the following problem statement:
Blue and red bulbs flash in the window of a workplace. The blue light bulbs are lit
every 6 seconds and the red-light bulbs are lit every 9 seconds. How many seconds
after these two bulbs are lit together will they light up again? In Problem 1 and
Problem 2, 8" grade students were mostly highly successful. Thirty-one students
solved Problem 1 successfully, and just one student was unsuccessful in solving this
problem. Moreover, Problem 1 was not solved in any way by one student correctly or
incorrectly. The success rate might be high because the students might be familiar

with such problems and they solved such problems in the mathematics courses.

Table 4.24. Frequency of problem solving steps codes with respect to Problems 1 and

2 in the eighth grade

ITEMS
ITEM 1 ITEM 2
Count (%) Count (%)
Seeks to Understand SUPT |29 (87,9%) 28 (84,8%)
the Problem SUP2 |3 (9,1%) 3 (9,1%)
SUP4 |0 (0,0%) 1 (3,0%)
SUP5 |1 (3,0%) 1 (3,0%)
Making a MPOL1 |32 (97,0%) 27 (81,8%)
Plan/Organization MPO2 |0 (0,0%) 4 (12,1%)
MPO3 |1 (3,0%) 1 (3,0%)
MPO4 |0 (0,0%) 1 (3,0%)
Implementing the Plan IP1 31 (93,9%) 26 (78,8%)
P2 0 (0,0%) 4 (12,1%)
IP3 1 (3,0%) 2 (6,1%)
P4 1 (3,0%) 1 (3,0%)
Control/Assessment of CAS1 |13 (39,4%) 8 (24,2%)
Situation CAS2 | 14 (42,4%) 21 (63,6%)
CAS3 |5 (15,2%) 4 (12,1%)
CASS5 |1 (3,0%) 0 (0,0%)
Progression Through ~ PTA1 |12 (36,4%) 8 (24,2%)
All PTA2 |21 (63,6%) 25 (75,8%)

As can be concluded from Table 4.24, in the 1% Problem, thirty-two students seemed

to have demonstrated an understanding of the verbal information and made a solution
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plan, while only one student was unable to understand the problem and to make a
solution plan. Thirty-one students implemented the solution plan successfully, but one
student was unable to carry out the solution plan appropriately. One student seemed
not to have the necessary knowledge to solve the problem. Thirteen students were able
to provide an explanation for why their answer was correct, and fourteen students only
said “I am sure” without an explanation. Six students did not give any explanation in
the control phase of this problem.

In the second problem, the students were asked the following problem: “56 kg and 72
kg bags of two types of rice will be put into bags with the largest size without being
mixed with each other.

According to this;

a. How many kilograms of rice will be put in a bag?

b. How many bags are required for this process?”

Twenty-six students had correct solution, whereas six students could not reach the
correct solution in Problem 2. Furthermore, only one student did not have any answer
to the problem. As seen in Table 4.24, like Problem 1, students were quite successful
in understanding the verbal information in Problem 2. Thirty-one students seemed to
have understood the verbal information, but two students were not able to show what
is given and what is asked in the problem. Twenty-seven of thirty-one students made
a solution plan, but four of them did not show their solution plan clearly enough. One
student was not able to organize and relate between what is given and what is asked
which he determined in the understanding the problem phase, and one student seemed
not to have the essential knowledge to solve the problem. Twenty-seven students
implemented their solution plans successfully, but two students were not able to apply
the accurate solution plan correctly. In the control phase of the problem, eight students
gave an explanation for why their solution was correct, and twenty-one students only
said “I am sure” without an explanation. Four students could not give an explanation
about their solutions. As in the fifth, sixth and seventh grade students, the eighth grade
students were also generally unable to do what they wanted in the control of the
problem section because they could not produce an alternative solution or they were

not familiar with the control of the problem solution phase.
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Table 4.25. Frequency of the strategies used in Problems 1 and 2 in the eighth grade

ITEMS
ITEM 1 ITEM 2
Count (%) Count (%)
Use of ART |31 (93,9%) 31 (93,9%)
Strategy NOS |1 (3,0%) 2 (6,1%)
ORD |1 (3,0%) 0 (0,0%)

In both Problem 1 and Problem 2, the students preferred to use the arithmetic strategy.
Only one student used the organizing data strategy in the solution of the 15 Problem.
This might be due to the fact that the students were accustomed to solving such

problems in this way.

Explanation of Students’ Use of Example of Students’ Worksheet

Strategy
Arithmetic Strategy (Problem 1) 4. 3. adimda yapugmiz plani gz 6niinde bulundurarak problemi ¢6ziintiz.
Firstly, the student found the least M 6 maniye : 59 ;‘
common multiple of 6 and 9. The result CHrEE S DiaRng 1oz |3
is also the answer since the students '
were asked how many seconds after ahsie = 2803
these two bulbs are lit together they =~ 1%
will light up again. & la amewt 1% sonige .

lelcas BN ana,

Arithmetic Strategy (Problem 2) 4. 3. adimda yaptiginiz plani g6z 6niinde bulundurarak problemi ¢6zintiz.
The student first found the greatest S 2 (2 Se 8
common factor of the 56 and 72 to find “f 13? 2—% elob ’E 228 =9
how many kilograms of rice will be put - 3 35 F::si e Eas
in a bag. Then, he divided 56 and 72 by 31 m deecug TrOE
8 to find the number of bags needed. ‘ t\“:*fa’src*
Finally, he added 7 and 9 to find the \ h:—{:@%‘

total number of bags needed.

Figure 4.29. Use of strategies of eighth grade students in Problem 1 and Problem 2

Problem 3 is related to the concept of probability. In the third problem, the students
were asked the following problem: “There are 36 colored beads in a container, which

are all the same size. Some of these beads are blue, some are green, some are red, and
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the rest is yellow. The possibility of drawing a blue bead from the container is g. How

many blue beads are there in the container?”.

Table 4.26. Frequency of problem solving steps codes with respect to Problems 3 and

4 in the eighth grade
ITEMS
ITEM 3 ITEM 4
Count (%) Count (%)
Seeks to Understand SUPT |29 (87,9%) 24 (72,7%)
the Problem SUP2 |2 (6,1%) 2 (6,1%)
SUP4 |2 (6,1%) 2 (6,1%)
SUP5 |0 (0,0%) 5 (15,2%)
Making a MPOL1 |26 (78,8%) 12 (36,4%)
Plan/Organization MPO2 |3 (9,1%) 3 (9,1%)
MPO3 |1 (3,0%) 7 (21,2%)
MPO4 |3 (9,1%) 11 (33,3%)
Implementing the Plan IP1 28 (84,8%) 11 (33,3%)
P2 1 (3,0%) 11 (33,3%)
IP3 0 (0,0%) 1 (3,0%)
P4 4 (12,1%) 10 (30,3%)
Control/Assessment of CAS1 |8 (24,2%) 6 (18,2%)
Situation CAS2 |17 (51,5%) 10 (30,3%)
CAS3 |6 (18,2%) 17 (51,5%)
CASS5 |2 (6,1%) 0 (0,0%)
Progression Through ~ PTAI1 |8 (24,2%) 5 (15,2%)
All PTA2 |25 (75,8%) 28 (84,8%)

Like Problem 1 and Problem 2, a great majority of students were successful in solving
Problem 3. Twenty-eight students were successful and just one student was
unsuccessful in solving Problem 3. As the students were preparing for the high school
entrance exam, it could be observed that the students were familiar with this problem
as in the first and second problems. The students used the algorithm they used to solve
the problems which are similar to this problem. Also, four students could not answer
Problem 3 in any way. As seen in Table 4.26, thirty-one students seemed to have
demonstrated an understanding of the verbal information presented in Problem 3, but

two students were unable to understand it. Twenty-six students made a solution plan
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by accurately organizing what is given, while four students were not able to make an
appropriate solution plan. Three students did not show their solution plan clearly.
Twenty-eight students seemed to have carried out their solution plans correctly, but
four students seemed not to have the necessary knowledge to solve the problem. In the
control phase, eight students had a clear explanation for why their answer was correct,
and seventeen students only said “I am sure” without giving an explanation. Eight
students did not have an explanation about whether their answer was correct or not.

Problem 4 is related to exponential numbers. In the 4" Problem, the students were
given the following problem statement: An equal number of people from each of the
52 countries attended a meeting. These people were placed in each of the 5% rooms of
a hotel so as to have 5 people in a room. According to this, how many people have
participated in this meeting from one country? Eleven eighth grade students gave the
correct answer to Problem 4, and twelve students were unsuccessful in solving this
problem. Ten students had no correct or wrong answers to this problem. As it can be
seen in Table 4.26, in the 4th Problem, twenty-six students understood the problem
statement, while seven students seemed not to have understood what is given and what
is asked. While only twelve students among twenty-six students who understood the
problem could make a proper solution plan, seven students could not establish the
correct relationship between what is given and what is asked in the problem. Eleven
students did not have a correct or incorrect solution plan. It can be concluded that these
eleven students generally failed because they did not understand the problem in any
way, not because they did not have enough knowledge to solve the problem. Three
students’ solution plans were not wrong, but they were not clear. Eleven students
successfully solved the problem, but one student did not solve the problem correctly
despite the correct solution plan. Eleven students indicated a solution, but it was not
correct. It can be observed that these eleven students had the necessary knowledge in
the solution of the problem and that they could make calculations with exponential
expressions correctly. However, as illustrated in Figure 4.25, they were mostly unable

to make sense of the values given in the problem statement.
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Figure 4.30. An example worksheet from two eighth grade students (Problem 5)

In the solution of the 4™ Problem, firstly, the students were asked to find the total
number of people by multiplying the total number of rooms by the number of people
in each room. Then, he needed to divide the total number of people who participated
in the meeting by the number of countries to find out how many people participated in
the meeting from one country. In the solution given on the left in Figure 4.30, the
student found the total number of people by dividing the total number of rooms by the
total number of people in each room instead of multiplying, and so he found the total
number of people as 125. In another solution given on the right side, the number of
countries, the number of rooms and the number of people in each room were multiplied
by each other by the student to find the total number of students, and he found the total
number of participants as 5%,

Ten students seemed not to have the necessary knowledge to solve the problem. In this
problem, six students clearly explained why their answer was correct, and ten students
only said “I am sure” without an explanation. Seventeen students did not express any

opinion that their answer was correct.

Table 4.27. Frequency of the strategies used in Problems 3 and 4 in the eighth grade

ITEMS
ITEM 3 ITEM 4
Count (%) Count (%)
Use of ALG |5 (15,2%) 0 (0,0%)
Strategy ART |23 (69,7%) 22 (66,7%)
MD |1 (3,0%) 0 (0,0%)
NOS |4 (12,1%) 11 (33,3%)
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As seen in Table 4.27, five students used the algebraic strategy, while twenty-three
students used the arithmetic strategy, and one student preferred to use the making a
drawing strategy in the 3™ Problem. In the 4" Problem, twenty-two students used the

arithmetic strategy in the solution process.

Explanation of Students’ Use of Strategy Example of Students’ Worksheet
Arithmetic Strategy (Problem 3) o k” o

. 4 «x MI\ . — X
Firstly, the student equated 5 to 3 and set the T o $rug, 3 M
equation. Then, after he solved the equation, IRy
he found the answer as 16. 1 &

iy i
(x= 1o {pmovi 440

Making a Drawing Strategy (Problem 3) Sl B R L e bulunduraralc problemi zfings,
He divided a whole into 9 equal parts, and he

calculated % of the whole by dividing 36 with JF = Mﬁ.!.ﬂm
Naw? 2 @_

9. Then, he multiplied 4 by 4 to find the 3 of

the 36, and he found the answer as 16. dixy _ M
Arithmetic Strategy (Problem 4) T e e

The student first multiplied 5* by 5 to find the L{ @ Sgialf

total number of participants. Then, he divided = - 66 st l,,?lw

5° with 5% to find the number of participants 4
from one country. j / / >rg¢ \M /

Figure 4.31. Use of strategies of eighth grade students in Problem 3 and Problem 4

Students’ understanding of the concept of square root was assessed in Problem 5 and
Problem 6. These two problems were related to the concepts of square roots. In the 5%
Problem, the students were given the following problem statement:

An archer shoots at a circular target board with a diameter of 1

meter as shown in the picture. The height of the target board is 3 @

meters. If the thrown arrow hits the target board, how many
meters can the height of the point where the arrow hits be?

brrrr sl |
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Table 4.28. Frequency of problem solving steps codes with respect to Problem 5 and

6 in the eighth grade
ITEMS
ITEM 5 ITEM 6
Count (%) Count (%)
Seeks to Understand SUPIL |18 (54,5%) 21 (63,6%)
the Problem SUP2 |1 (3,0%) 2 (6,1%)
SUP4 |12 (36,4%) 6 (18,2%)
SUP5 |2 (6,1%) 4 (12,1%)
Making a MPOL1 | 14 (42,4%) 17 (51,5%)
Plan/Organization MPO2 |0 (0,0%) 1 (3,0%)
MPO3 |4 (12,1%) 6 (18,2%)
MPO4 | 15 (45,5%) 9 (27,3%)
Implementing the Plan IP1 14 (42,4%) 17 (51,5%)
P2 2 (6,1%) 3 (9,1%)
P4 17 (51,5%) 13 (39,4%)
Control/Assessment of CAS1 |5 (15,2%) 5 (15,2%)
Situation CAS2 |4 (12,1%) 15 (45,5%)
CAS3 |22 (66,7%) 13 (39,4%)
CASS5 |2 (6,1%) 0 (0,0%)
Progression Through ~ PTA1 |5 (15,2%) 3 (9,1%)
All PTA2 |28 (84,8%) 30 (90,9%)

Most of the students could not give even a wrong answer. In other words, seventeen
students could not give any correct or wrong answer to Problem 5. Fourteen students
were successful in Problem 5 and two students had a wrong solution. As seen in Table
4.28, in the 5™ Problem, nineteen students understood the problem statement as they
were able to determine what is given and what is asked in the problem statement.
However, fourteen students seemed not to have understood the values given in the
problem statement. Fourteen students had an appropriate solution plan, while nineteen
students could not make a proper solution plan since they could not establish the
correct relationship between what is given and what is asked in the problem. This
problem is a real-life word problem which is easier with respect to mathematical
calculations then the previous problems, but it requires using mathematical reasoning.
The reason for the high failure rate in this problem might be that, as with the 5%, 6",

7' grades students, the 8" grade students also found it difficult to understand such real-
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life word problems that require mathematical reasoning. All fourteen students who
made an appropriate solution plan solved the problem correctly, but two of the
remaining nineteen students solved the problem incorrectly and seventeen students
could not provide any solution. The main reason for this is not the lack of conceptual
and procedural knowledge of the students about the concept of square root, but the
students’ inability to understand the problem situation.

In the 6™ Problem, the students were given that the following problem statement: A
rectangular cardboard with side lengths of V45 cm and v20 cm will be covered with

square-shaped labels with an edge length of +/5 cm, and there will be no gaps in the
cardboard, and the labels will not overlap. How many labels should be used for this?
In Problem 6 related to the concept of square roots, seventeen students gave the correct
answer, while three students gave a wrong answer. Thirteen students did not have even
a correct or wrong solution to Problem 6. It can be concluded from Table 4.28 that
twenty-three students were quite successful in understanding the verbal information
given in the problem statement, but ten students were not able to show what is given
and what is asked in the problem. Seventeen of twenty-three students who understood
the problem statement made an appropriate solution plan, and one students’ solution
plan was not clear. Six students were not able to organize and relate between what is
given and what is asked, and so they did not have a correct solution plan. Nine students
seemed not to have the necessary knowledge to solve the problem, so they did not have
any correct or wrong solution plan. One of the reasons might be that the students could
not understand the problem situation as in the 5™ Problem, or students might not have
been able to devote enough time to this problem since the problem was the last problem
of the test. Seventeen students solved the problem correctly, while thirteen students
seemed not to have the essential knowledge to solve the problem because they did not
have a wrong or correct answer. Only five students controlled their solution plan, but
thirteen students did not have any control of the solution. Fifteen students only said “I

am sure” without an explanation.

112



Table 4.29. Frequency of the strategies used in Problems 5 and 6 in the eighth grade

ITEMS
ITEM 5 ITEM 6
Count (%) Count (%)
Use of ART |12 (36,4%) 18 (54,5%)
Strategy GC |3 (9,1%) 0 (0,0%)
MD |1 (3,0%) 3 (9,1%)
NOS |17 (51,5%) 12 (36,4%)

As shown in Table 4.29, in the 5" Problem, twelve students preferred to use the

arithmetic strategy, while three students preferred to use the guess and check strategy,

and one student preferred to use the making a drawing strategy. Seventeen students

did not use a strategy in solving Problem 5. In the 6" Problem, eighteen students used

the arithmetic strategy, while three students used the making a drawing strategy.

Twelve students did not use any strategy in solving Problem 6.

Explanation of Students’ Use of Strategy

Example of Students’ Worksheet

Guess and Check Strategy (Problem 5)
The student solved the problem by trying
out the possible results.

Arithmetic Strategy (Problem 6)

The student first found the area of
cardboard by multiplying V45 by v/20 as
30. Then, he found the area of label as 5.
Finally, he divided 30 by 5 to find the
number of the labels needed.

Making a Drawing Strategy (Problem 6)
As seen in the solution, the student
modeled the problem by drawing and

found the answer as 6.

Figure 4.32. Use of strategies of eighth grade students in Problem 5 and Problem 6
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In the eighth grade problem solving achievement test, the first and second problems
are whole number problems, the third problem is probability problem, fourth problem
is exponential expression problem, and fifth and sixth grade problems are square root
problems. Eighth grade student, like fifth, sixth and seventh grade students, did not
have any difficulty in understanding the problem step in the solution of the all
problems. In general, eighth grade student have proceeded successfully in problem
solving stages of problem except exponential expression problem. Most of the eighth
grade students used the arithmetic strategy which is the traditional method in problem

solving when compared with fifth, sixth and seventh grade students.
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CHAPTER 5

CONCLUSION, DISCUSSION AND RECOMMENDATIONS

The aim of this study was to investigate the use of strategies in the process of
problem solving of middle school students from different grade levels (5%, 6™, 7" and
8" grade) and their use of problem solving steps in the word problems related to
numbers. In the previous chapter, the results of the statistical analysis of the study were
explained. In this chapter, discussions and conclusions with respect to the findings will
be shared. In addition to these, comparisons of the studies in the literature and
implications and recommendations for practice and further studies are mentioned in

this chapter.

5.1. Middle Schools Students’ Use of Problem Solving Strategies and Use of
Problem-Solving Steps in the Word Problems

As mentioned in the ‘methodology’ chapter, problem solving achievement scores
in each grade level were obtained after performing the Problem Solving Achievement
Tests which involved real-life word problems. Furthermore, students’ written works
which gave ideas about students’ level of understanding of the problem, the ability of
making and implementation of a plan, and the ability of control of their solution were
obtained from the Problem Solving Achievement Tests. Then, students’ mathematics
achievement mean scores, and standard deviation and minimum-maximum scores
were calculated based on the results of Problem Solving Achievement Tests related to
numbers at each grade level by utilizing descriptive statistics. The results of the study
revealed that the students were successful in problem solving achievement tests
applied at each grade level. Additionally, in some word problems, students showed
their ability to use different strategies although the students generally preferred to use
the arithmetic strategy. Moreover, in general, the students from different grade levels

showed that they could use their problem solving abilities successfully. In a study

115



conducted by Maluleka (2013) it is revealed that adding meaning to statement given
in the problem appeared to be missing skill, and the students could not link real life
problems with mathematical content learned in class. Thus, this turned out to be crucial
factor in the failure to make a solution plan of problems identified during the problem
solving phase. In a similar manner, the research findings show also that the most
important deficiency of students was that they did not use real world knowledge and
experience in their solutions. On the other hand, problem solving is also the interaction
of the demands of the task with a person’s real-life experience (Martinez, 1998).
Therefore, they mostly had more difficulty in understanding and solving real-life word
problems. They did not take into account the real relationships between real-life
contexts revealed by the problem statements and the operations they carried out in the
problem solution. Most students are not critical in real life problems, and their
mathematical reasoning skills are not very good. Since problem-based instruction is
more effective than the traditional method to enhance critical thinking of the students
in mathematic lesson (Cantiirk-Gilinhan, & BASER, 2009) the reason for this might be
that the students do not have enough problem solving habits in the classroom.

More specifically, the fifth grade students seemed to be successful in the phase of
understanding of the problem statement in all content areas. In other words, they were
mostly able to re-write the problem statement and determine what is given and what is
asked in all problem statements. However, they had difficulty in making a solution
plan in some problems. They could not form an appropriate solution plan in the first
problem related to fractions. Depending on the data, the main reason for this might be
students’ misconceptions about the subject of fractions. As stated by Dering6l (2019)
that the primary school students had difficulties most in solving problems related to
fractions, in representing fractions by models and in reading and writing concepts
expressing fractions. One of the students’ deficiencies in meaningful understanding
might be that the students chose the arithmetic strategy instead of other strategies (e.g.
making a drawing strategy). Also, the fifth grade students had difficulties in the
second, fourth and fifth problems related to whole numbers. When the students’
solutions were examined in general, it was seen that the students could not properly
interpret the values given in the problem statement. In the solution of this problem, the

students mostly preferred to use the arithmetic strategy. It seems that the students who
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used strategies different from the arithmetic strategy such as the working backward
strategy made an appropriate solution plan and implemented their solution plan more
successfully. When we look at the students’ use of strategy in solving problems, a
significant number of students used the arithmetic strategy while just 3 students
preferred to use the making a drawing strategy in fraction problems. Students’ use of
strategies is more diverse in whole number problems. In addition to the arithmetic
strategy, the students used the working backward, the guess and check, and organizing
data strategies in whole number problems.

Like the fifth grade students, the sixth grade students seemed to be quite successful
in re-writing the problem statement in their own words and in determining what is
given and what is asked in the problems. However, many sixth grade students had
difficulty in making a plan and reaching a solution in the second and fourth problems
related to decimal numbers. The reason why students mostly became unsuccessful in
this problem might be that the story of the problem is long, and the problem requires
many interdependent number operations because the students’ procedural knowledge
about the subject of decimal numbers was generally good. Furthermore, this might be
due to the fact that many students could not make sense of the problem situation, the
story of the problem, and the values given in the problem statement. The students
mostly understood the problem situation, but the lack of students’ ability to use
mathematical reasoning could be another reason for failure. Also, in the fifth problem
related to fractions, the sixth grade students were unable to make a plan and solve the
problem. This is due to the fact that the students lacked meaningful understanding and
they failed to comprehend problem situation in the 5™ Problem. Therefore, they were
unable to determine correct calculations. It can be said that all of these are mostly due
to the students’ adherence and persistence to use only the arithmetic strategy, similar
to the fifth grade students. As a result of students’ inability to use various problem
solving strategies, they cannot perform adequately despite their self-efficacy and
beliefs about the problems they faced (Guven & Cabakcor, 2013). Sulak (2010) also
states that problem solving strategies very effective in problem solving based on
findings in her studies. While the sixth grade students used different strategies in whole
number problems, the students could not go beyond to use the arithmetic strategy in

decimal number problems. Furthermore, in the fraction problems, the sixth grade
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students used the making a drawing strategy as well as arithmetic strategy more than
fifth grade students.

Seventh grade students, like fifth and sixth grade students, seem to be successful
in the step of understanding the problem in the solution of all problems. Seventh grade
students seem to be more successful in problem solving steps in integer problem.
However, the rate of seventh grade students’ success is quite low in the problems 1,2
and 3. In other words, they were unable to proceed in the problem solving steps of
whole number problems -especially in the second problem- when compared with the
fifth and sixth grade students. Designing a solution plan, which is a much more
complex part of the problem solving, is a most crucial step of the problem solving
(Maluleka, 2013). The inability of students to associate their calculations with what
they planned in the previous stage, the inability to combine or associate the two stages,
and not taking the word problem seriously are resulted in failure to get an appropriate
solution plan and contributed to those errors (Raoano, 2016). Although 11 students
made an appropriate solution plan for the second problem, only two students were able
to implement the solution plan correctly. That is to say, the fifth and sixth grade
problem solving achievement tests included problems similar to this problem. The
success rate of the fifth and sixth grade students in such problem was also not high
there, though not as low as the seventh grade students’ success. The story of the
problem that was asked to the 7th grade students is longer and requires a little more
attention to make sense of the values given. In addition, fifth and sixth grade students
usually solved the problem by using the traditional method of arithmetic strategy. On
the other hand, seventh grade students used the other problem solving strategies such
as the guess and check, the working backward strategy, the making a drawing strategy,
the algebraic strategy in all problems. For example, in the solution of the firth problem,
16 students used the guess and check strategy, in the solution of the second problem
13 students used the working backward strategy and in the solution of the fourth
problem 9 students used the working backward strategy. It might be because of the
reason that the researcher entered the mathematics class of the seventh grade students
for the longest time compared with other students. Strategies for solving mathematical
word problems are very important and students need to be exposed to these strategies

in order to apply these various strategies while solving problem (Raoano, 2016).
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Eighth grade student, like fifth, sixth and seventh grade students, did not have any
difficulty in understanding the problem step in the solution of the all problems.
However, the eighth grade students mostly failed in solving the fourth problem. It can
be concluded that these students who failed in solving this problem did not understand
the problem in any way. The reason they could not solve the problem was not that they
did not have enough content knowledge to solve the problem. In this respect, students
need to be encouraged to read and often make sense of the texts and books so that
students improve their comprehension skill and vocabulary, and will help them
understand the problem statement given to them (Raoano, 2016). The eighth grade
students also had difficulty in solving the fifth problem. The reason for the high failure
rate in this problem might be that, as in the 5, 6™, 7" grades students, the 8" grade
students also found it difficult to understand such real-life word problems that require
mathematical reasoning. Moreover, most of the eighth grade students used more the
arithmetic strategy which is the traditional method in problem solving when compared
with fifth, sixth and seventh grade students.

As result of the study carried out by Ersoy (2014), problem-based learning resulted
in an increase in the points for the creative thinking skills of the students. Problem
solving based instruction is important and ensures more permanent learning. As it is
revealed in the studies (Ozsoy, 2002; Guven, & Cabakcor, 2013), there is a significant
relationship between students’ mathematics achievement score and mathematical
problem solving ability. That statement is also supported with the findings from a study
conducted by Karaoglan (2009), which found that there is a significant positive
correlation between students’ mathematics achievement scores and their problem
solving achievement scores after completing problem solving based instruction. The
findings of Yazgan and Bintas’s (2005) study showed that the 4™ and 5" grade students
can informally use problem solving strategies without any training, and the 4" and 5%
grade students can learn the problem solving strategies, and training on problem
solving strategies has a positive effect on the problem solving success of students. In
addition, Bayazit (2013) revealed in his study that although students tended to use a
variety of problem solving strategies, they mostly lacked ability to use alternative
approaches and appropriate strategies. Findings of this study might be considered as

consistent with most of the previous studies which are related to students’ use of
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problem solving strategies during the class (Bayazit, 2013; Durmaz & Altun, 2014;
Giir & Hangiil, 2015; Hwang & Jai, 2014; Intaros, Inprasitha & Srisawadi, 2014;
Erdogan 2015; Yazgan & Bintas, 2005). However, different from these studies, this
study included all levels of the middle school (5%, 6, 71, and 8" grade students), and
a short one-week problem based course was given in order to make students realize
the relationship between mathematical word problem and daily life word problems
before conducting the study. During the instruction, the students were able to develop
and use different strategies for word problems. In his study, Erdogan (2015) also
revealed that word problem solving strategies were not very weak and flexible as a
result of students’ problem solving attempts for 5 weeks. Results of the current study
was consistent with the findings of the Erdogan’s study. When the results obtained
from the students’ written works were examined, it was seen that most of the students
used the arithmetic strategy and there was little tendency towards different strategies.
However, even if it is small, it can be seen that some students are prone to use different
problem solving strategies at each grade level. For example, the fifth, sixth, seventh,
and eighth grade students were mostly able to use at least two different strategies for
each problem. Some of students from each grade level even used four different
strategies in one of the problems. Therefore, the study revealed that students have
flexible thinking. Middle school students could comprehend the strategies and use
them in similar problems. Moreover, it can be concluded after analyzing the students
written work that they mostly had more difficulty in understanding and solving real
life word problems. They did not take into account the real relationships between real
life contexts revealed by the problem statements and the operations they carried out in
the problem solution. In general, the results also showed that most of the students had
difficulties in explaining and making critics related to real life problems. Furthermore,
the basic step to solve the problem correctly is to understand the problem statement.
To determine the appropriate problem solving strategies and solve the problem
correctly, problem statement should be understood well. Without determining the
givens and unknown, it is difficult to solve a problem correctly. It is concluded that at
least 76 % (22 students) of all students were able to re-write the problem in their own
words and explain the given as well as the asked information in the problem. However,

most of them had difficulties in organizing and relating the given information to reach
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the correct solution. They also had problems in implementing their plans appropriately.
The results indicated that even though the students could rewrite the problems or find
solution strategies, they often failed to find the correct answer. One of the reasons was
students’ difficulties in planning to find the solution. Additionally, they had difficulties

to apply the plan in correct order.

5.2. Implications and Recommendations

The 5%, 6™, 7% and 8" grade students’ use of problem solving steps and use of
strategies in solving word problem related to numbers were the main focus of this
study. Some recommendations for further research could be offered depending on the
analysis of the data.

As it was mentioned previously in Chapter 3, the convenience sampling method
was used to select sample of this study. The sample included 116 middle school
students (29 fifth grade, 29 sixth grade, 25 seventh grade, and 33 eighth grade students)
of a public school in Konya. Therefore, the research findings cannot be generalized to
a wide range of other students in Turkey. This study was conducted in a public school.
There are no participants from a private school in the study. Thus, it is recommended
to determine whether similar results will be obtained through the replication of the
present study in not only public schools but also private schools. In addition, the study
can be repeated by spreading it to a wider schedule. Students can be given more
opportunities to receive more and more detailed problem solving based instruction
since the students were provided only one-week problem based instruction in the
current study. Furthermore, a longitudinal research method can be applied by starting
from fifth grade students and continuing with them in the following years.

It might be important to give students opportunities and environment where they
can practice word problems and planning. During the solution of these problems,
teachers need to focus on not only the answers but also the process of the students'
solution strategies. The findings in a study carried out by Shiakalli & Zacharos (2014)
showed that the consistent participation of the students in the mathematical problem
solving process enabled them to improve, apply and demonstrate their skills and in-
depth understanding to solve the given mathematical word problems. Moreover,
teachers need to ask students about their plan to reach the correct answer and also

check whether they can apply the plan they wrote. As students have more opportunities
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to solve these problems, they will develop more flexible mathematical thinking and
reasoning. Word problem activities should not only be given to students as class work
or homework activities, but also strategies for how solve them needed to be taught to
learners. Furthermore, class activities including problem solving strategies should be
implemented since students’ beliefs regarding mathematical problem solving affect
their problem solving achievement positively (Higgins, 1997). Under each problem in
the test students were guided to the problem solving steps. Students mostly endeavored
to implement problem solving steps successfully. Therefore, problem solving steps can
be given under each problem in the course books in order to make the habit of using
problem solving steps and to be more successful. Problem-based instruction, which
aims to facilitate teachers’ enrichment of word problems used in mathematics teaching,
has a positive effect not only on students’ word problem solving performance but also
on their beliefs about word problem solving structure (Pongsakdi, Laakkonen, Laine,
Veermans, Hannula-Sormunen, & Lehtinen, E. (2019). In the written works of all
students, it was generally observed that arithmetic strategies are used mostly in the
process of problem solving. One of the major reasons for this is that the students could
not reflect their ideas on paper. In other words, it can be observed that the students
who used the arithmetic strategy thought about different strategies to reach the solution
of the problems, but they could not implement their ideas and they preferred the
arithmetic strategy as a practical way.

To conclude, in general, students’ level of the selection and use of an appropriate
strategy should be increased in order to ensure that student gain problem solving skills
and use them effectively. Also, the problem solving steps and problem solving
strategies facilitate teachers’ job in teaching of problem solving. Since the skills of
students to solve problem solving will take shape based on the problem solving
approach and knowledge level of teacher, teachers who teach problem solving to
students should be supported well. This is important in terms of increasing students

skills of solving problems (Ersoy, Giiner, 2015).
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B. FIFTH GRADE PROBLEM SOLVING ACHIEVEMENT TEST /
BESINCI SINIF PROBLEM COZME BASARI TESTI

Problem 1: Buse 24 tane boya kaleminin %’sini kullanmaktadir. Esra ise Buse’nin

boya kalemlerinin %’ini kullanmaktadir. Buse ve Esra toplamda boya kalemlerinin kag

tanesini kullanmaktadir?

Problem 2: Anil 6 tane yeni bilye aliyor ve kendi bilyelerinden 13 tanesini arkadasina
veriyor. Son durumda Anil’mn 41 bilyesi olduguna gore basglangigta kag tene bilyesi
vardir?

Problem 3: Kendi arabasiyla tatile giden Onur 50 litrelik deponun % ile gitmek istedigi

yere varmistir. Onur yola ¢ikarken deposunu tamamen doldurduguna gére vardiginda
arabanin deposunda geriye kag litre benzin kalmistir?

Problem 4: Burak, kardesine 6 oyun kart1 kargiliginda 11 tane oyun kartini verir.
Burak daha sonra 15 tane yeni oyun kart1 satin alir ve toplamda 94 tane oyun kart1 olur.
Burak’in baslangigta kag¢ tane oyun kart1 vardir?

Problem 5: Tolga kiigiik kardesi i¢in tahtadan bir araba —
yapmak istiyor. Tolga tahtalar i¢in ve tekerlekler i¢in toplam da ay
50 TL harcamistir. Tahtalar tekerleklerden 2 TL daha pahali w
olduguna gore tahtalar icin ne kadar 6demistir?

Problem 6: Selin hafta i¢i her giin giinde 30 dakika piyano dersi almaktadir. Selin ayni
zamanda hafta sonlar1 cumartesi ve pazar giinii giinde 60 dakika piyano dersi
almaktadir. Selin pazartesi gliniinden cuma giiniine kadar bes gilinde toplamda kag
dakika piyano dersi aldigin1 bulunuz.
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C. SIXTH GRADE PROBLEM SOLVING ACHIEVEMENT TEST /
ALTINCI SINIF PROBLEM COZME BASARI TESTI

Problem 1: Atakan’in 17 tane misketi, 6 tane de oyuncak arabasi vardir. Sinan’in
misketlerinin sayis1 ise Atakan’in misketlerinin sayisinin 4 katinin 5 eksigi kadardir.
Sinan’in kag tane misketi vardir?

Problem 2: Servisi kagiran Yasar Bey ise ge¢ kalmamak igin taksiye biner,
taksimetrenin agilis ticreti 3,50 TL’dir. Taksimetre her 100 metrede 25 Krs yazar.
Yasar bey taksiciye 2 TL bahsis birakarak 12 TL verdigine gore, Yasar Bey’in evi ile
is yeri arast kag Km’dir?

Problem 3: Bir pastane igletmecisi 240 yumurta almistir. Bu yumurtalarin %’iim'i

baklava yaparken, geri kalaninin E’ﬁnﬁ de pogaca yaparken kullanmistir. Geriye kag

yumurta kalmigstir?

Problem 4: Ahmet Usta bir sirketin kafeteryasinda galismaktadir. Bu kafeteryada
aylik liyelik ticreti 8 TL dir.

Asagidaki tabloda gosterildigi gibi, iiye olanlar icin bir 68iin yemek iicreti liye
olmayanlara gore daha diisiiktiir.

Uye olmayanlarin bir | Uye olanlarin bir &giin
0glin yemek ticreti yemek ticreti
2,8 TL 2,3TL

Onur gegen ay kafeteryanin bir liyesiydi. Gegen ay toplamda, liyelik {icreti de dahil,
56,3 TL harcadi. Eger Onur iiye olmasaydi, fakat ayn1 sayida 6giin yemek yeseydi, kag
TL harcayacakt1?
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Problem 5: Belirli bir yiikseklikten birakilan bir top, yere ilk vurusundan sonra bir

onceki yliksekligin é’si kadar yiikselmektedir. Top, yere 2. Vurusundan sonra 24 cm

yukseldigine gore ka¢ cm’den birakilmistir?

Problem 6: Bu problem, tatile giderken en iyi ve rahat olan yolun segilmesiyle
ilgilidir.
Sekil 1 bolgenin haritasini, Sekil 2 kasabalar arasindaki uzakliklar1 gostermektedir.

Sekil 1: Kasabalar arasindaki yollarin haritast.

Laleli

Kadi

Sekil 2: Kasabalarin kilometre olarak birbirlerine uzakhklari.

Akgaz
Kadi 550
Laleli 500 300
Mengen | 300 850 550
Nurdan | 500 1000 | 450
Miras 300 850 800 600 250

Akgaz Kadi  Laleli Meng Nurda Miras

en n

Nurdan ve Kadi arasindaki kara yolu ile en kisa uzaklig1 hesaplayimniz.
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D. SEVENTH GRADE PROBLEM SOLVING ACHIEVEMENT TEST /
YEDINCI SINIF PROBLEM COZME BASARI TESTI

Problem 1: Matematik 6gretmeni Sinan yeni bir test kitabini diizenlemektedir. Bir kisi
kitabin birbirine bakan iki yiiziindeki sayfalar1 degistiriyor. Bu iki sayinin ¢arpimi 812
ise. Bu iki say1 kagtir?

Problem 2: Emir’in ¢antasinda bir miktar seker vardir. Bir ¢anta sekeriyle eve dogru
giderken arkadasi Onur ile karsilasir ve cantasindaki sekerlerin yarisini ve bir tane
daha fazla sekeri arkadasina verir. Biraz daha yiiriidiigiinde Selin ile karsilasir ve
cantasinda kalan sekerlerin yarisini ve bir tane daha fazla sekeri ona verir. Biraz daha
ilerlediginde aglayan bir ¢cocuk goriir ve ¢antasinda kalan sekerin yarisin1 ve bir tane
daha sekeri ona verir. Emir eve vardiginda ¢antasini acar bakar ve geriye 5 tane sekeri
kaldigini goriir. Emir’in baglangigta kac tane sekeri vardir?

Problem 3: Bir kitaplik yapmak igin, bir marangoz asagidaki pargalara gereksinim
duyar:
4 uzun tahta levha,
6 kisa tahta levha,
12 kiigiik ¢ivi,

/|

2 biiyiik ¢ivi ve

14 vida.
Marangozun deposunda 26 uzun tahta levha, 33 kisa
tahta levha, 200 kiigiik ¢ivi, 20 biiyiik ¢ivi ve 510 vida
vardir.

NN

Bu marangoz kag tane kitaplik yapabilir?

Problem 4: Bir top her diistiigiinde onceki yiiksekliginin %’1’1 kadar yiikselmektedir.

Top {liglincii diistisiinde yerden 16 cm yiikseldigine gore, bu topun ilk diisiisii yerden
ka¢ metre yliksektedir?

Problem 5: Bir yolun 6nce %’i gidilmis, daha sonra geri kalan yolun ;’i gidilmistir.

Geriye kalan yol 50 km ise yolun tamami ka¢ km’dir?

Problem 6: Hava sicakliginin 12 °C oldugu bir odada elektrikli 1sitict ¢alistiriliyor.
Isitict her 3 dakikada bir, odanin sicakligini 4 °C arttirtyor. Odanin sicakligi kag dakika

sonra 24 °C a ulasir?
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E. EIGHTH GRADE PROBLEM SOLVING ACHIEVEMENT TEST /
SEKIZINCI SINIF PROBLEM COZME BASARI TESTI

Problem 1: Bir is yerinin vitrininde mavi ve kirmizi renkli ampuller yanip
sonmektedir. Mavi ampul her 6 saniyede bir, kirmizi ampuller ise her 9 saniyede bir
yanmaktadir. Bu iki ampul birlikte yandiktan en az kag saniye sonra tekrar birlikte
yanar?

Problem 2: 56 kg ve 72 kg’lik ¢uvallarda bulunan iki cins piring birbirine
karistirilmadan hic artmayacak sekilde en biiyiik 6lgiideki posetlere konulacaktir.
Buna gore;

w W

a. Bir posete kag kilogram pirin¢ konulacaktir?

f
| PIRING
72 kg

{/‘
o o ol £ %
b. Bu is i¢in toplam kag poset gereklidir? a0

Problem 3: Bir kabin iginde, hepsi ayni biiyiikliikte olan 36 tane renkli boncuk
vardir. Bu boncuklarin birazi mavi, birazi yesil, biraz1 kirmizi ve geri kalan1 da
saridir. Kaptan, rengine bakilmadan bir boncuk ¢ekildiginde bu boncugun mavi

olmasi olasilig1 % dur. Kapta kag tane mavi boncuk vardir?

Problem 4: bir toplantiya 5° iilkenin her birinden esit sayida kisi katilmistir. Bu
kisiler, bir otelin 5* odasinin her birine 5 kisi kalacak bicimde odalara
yerlestirilmistir.

Buna gore bu toplantiya bir iilkeden kag kisi katilmistir?

Problem 5: Bir okgu, yanda gosterildigi gibi ¢cap1 1 metre

olan daire seklindeki bir hedef tahtasina atis yapmaktadir. @
Hedef tahtasinin yerden yiiksekligi 3 metredir.

Atilan ok hedef tahtasina isabet ettigine gore, saplandigi
noktanin yerden

yiiksekligi, metre cinsinden asagidakilerden hangisi olabilir?

AT Yer

Problem 6: Kenar uzunluklar1 v45 c¢cm ve v20 cm olan bir karton, bir kenar

uzunlugu v/5 cm olan kare seklindeki etiketlerle, kartonda hi¢ bosluk kalmayacak,
etiketler {ist liste gelmeyecek ve kartonun disina tagsmayacak sekilde kaplanmustir.
Bunun i¢in kag tane etiket kullanilmistir?
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F. RUBRIC FOR PROBLEM SOLVING ACHIEVEMENT TEST /

PROBLEM COZME BASARI TESTi DEGERLENDIRME OLCEGI

Score Understanding the Developing a Plan to Carrying out the
Problem Solve the Problem Plan and
Interpreting
Findings
Stating the problem Developing a clear and Providing a logical

clearly and identifying

the underlying issues

concise plan to solve the
problem, with alternative
strategies following plan

to conclusion

interpretation of the
findings and solving

the problem clearly.

Defining the problem Developing an adequate Providing an adequate
adequately plan and following it to interpretation of
conclusion findings and solving
the problem.
Failing to define the Developing a marginal Providing an
problem adequately plan, and not following it inadequate
to conclusion interpretation of the
findings and does not
derive a  logical
solution to the
problem
The problem is not Could not developing a Could not interpret the
identified coherent plan to solve the findings and could not
problem reach a conclusion.
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G. 5™ GRADE PROBLEM SOLVING LESSON PLAN / 5. SINIF
PROBLEM COZME DERS PLANI

Ad1 & Soyadi: Cafer Sinan Alkan

Konu: Problem Cozme

Sinif Diizeyi: 5. Stif

Siire: 5 ders saati (bir hafta)

Ogrenme Alam: Sayilar

Alt Ogrenme Alam: Dogal Sayilar, Kesirlerle Islemler,
Gerekli olan 6n bilgiler:

e Dogal sayilarla dort islem yapma
Kazanimlar:

e Dogal sayilarla dort islem yapmay1 gerektiren problemleri ¢ozer
o Kesirlerle islem yapmay1 gerektiren problemleri ¢ozer.

Gerekli Materyaller:

e “Problem Coziiyorum” adli etkinlik kagidi

Giris
Ogrencilere “problem deyince akliniza ne geliyor?” sorusu sorulur.

Giinliik yasam —_— Matematik problemler
problemler

» “Sizce simifta ¢ozdiigiimiiz matematik problemleri ile giinliik yasamda
karsimiza ¢ikan problemler ayni midir? ” sorusu ogrencilere sorulur ve bunun
lizerine tartigilir. Sorunun yanit1 dgrencilere verilmez, asagidaki etkinlik ile
sonuca kendilerinin ulagsmasi saglanir.

Okulumuzun 5. Sinif 6grencileri Antalya’ya gezi diizenleyecektir. Sizce nasil giderler?

» Bu bir giinliik hayat problemi midir yoksa matematik problemi midir? Neden?
» Bu problemi matematiksel olarak nasil ifade edersiniz?

Bu problemi ¢6zmek icin sizce hangi bilgilere ihtiyac vardir?

e 5. Smif 6grencilerinin sayisi (150)
e Ne ile yolculuk yapacaklar1 (Otobiis, Tren,....)
e Bir otobiisiin kag 6grenci tagiyabilecegi (30 kisi veya 40 kisilik otobiis)

» Bu bir matematik problemi olsaydi nasil sorardik?
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. Ginlik yasam problemi

5. simif 6grencileri olarak Antalya’ya bir gezi diizenleyeceksiniz. Nasil?

Problemin matematiksel anlatimi
Okulumuzun 5. Smf 6grencileriyle Antalya’ya bir gezi diizenlenecektir. 150
ogrenci 30 yolcu tasiyabilen araglarla yolculuk edeceklerdir. Bu gezi i¢in kag
ara¢ gereklidir?

Matematiksel problemin ¢6zimii
150 =-30=5

Giinlik yasam probleminin ¢c6zimi
5 arag gereklidir.

Yukaridaki tablo ile 6grencilere matematik problemlerinin yakin ¢evrelerinde
ve giinliik yasamda karsilasilan durumlar oldugu ogrencilere fark ettirilir.

Etkinlik:

Sinif 3’er kisilik gruplara ayrilir.

Her gruba 1’er tane A3 kagidi verilir.

Ogrencilerden 6nce A3 kagidini ikiye katlamalar1 istenir.

Daha sonra, bu boliimleri asagidaki gibi dorde bolmeleri istenir.

Her gruptan iki adet gercek yasam problemleri kurmalart istenir.

Coziimler sinifta paylasilir. Siifca segilen 4 problem poster haline getirilmesi
icin hazirlayan 6grencilere 6dev verilir.

vV VY

Gercek vasam problemleri 3. Problemin matematiksel anlatimi

Matematiksel problemin coziimii 4. Gercek hayat probleminin ¢6zimii

N L

Problem ¢ozmenin onemi tizerinde durulur.

Problem ¢ozmek neden bu kadar onemli? Neden problem ¢ozmeyi
ogreniyoruz? Gibi sorular ogrencilere yoneltilir.

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

Giinlik yasamda karsilastigimiz problemler kisisel de olabilir, tiim toplumu
ilgilendiren bir problemde olabilir. Ornegin,
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e Ankara’da su sikintis1 var ve bu problem kiiresel 1sinmanin da etkisiyle her
gecen glin daha da artmakta. Su sikintis1 giinliik yagam problemi ve tim
toplumu ilgilendiriyor.

e Bir adada tek basina kalan bir adam i¢in nasil hayatta kalacagi bir problem.

Karsimiza ¢ikan biitiin problemleri matematik dersinde ¢dzemeyiz ama problem
¢ozmeyi 6grendigimizde, derste ogrendiklerimizi giinlilk yasamda, farkli alandaki
problemleri ¢6zmede kullanabiliriz. Bilgisayar oyunlarinda basit bir oyunu oynamak
i¢in gelistirdigimiz stratejileri daha zor ve karmasik bir oyunu oynarken kullandigimiz

gibi

» Problem ¢ozme basamaklart (Problemi Anlayalim, Plan Yapalim, Plan
Uygulayalim, Kontrol Edelim, Problem Kuralim) iizerinde durulur.

Ik olarak
Problemi anlamaliyiz
ne?

Ikinci olarak

Verilenler ile
bilinmeyenler arasindaki
baglantiy1 bul. Eger hemen
biliyor

bir baglant1 bulamazsan
teorem

yardimci problemlere
g6z Oniinde

sahip

bulundurabilirsin.

En sonunda problemin
problem.

(COziimii i¢in bir plan
yapmalisin.

kullanabilir

PROBLEMI ANLAMA
Bilinmeyenler neler? Verilenler neler? Problem durumu

Problem durumu ve verilenler, bilinmeyeni bulmak i¢in
yeterli mi? Ya da yetersiz mi? Ya da gereksiz mi? Ya da
celiskili mi?

Problem durumu i¢in bir figiir ¢iz. Problem durumlarini
pargalara ayir.

PLAN YAPMA

Problemi daha 6nce gordiin mii? Ya da ayni problem
durumundan biraz farkli bir problem goérdiin mii?
Problem durumu ili ilgili iligkili bir bagka bir problem

musun? Problem ¢oziimiinde faydali olabilecek bir

biliyor musun?
Bilinmeyene bak! Ve ayni veya benzer bilinmeyene

Bagka bir problem distin.
Iste daha once ¢o6ziilmiis senin probleminle iliskili bir

Bu problemi kullanabilir misin? Bu problemin sonucunu
kullanabilir misin? Bu problemin ¢6ziim metodunu
misin?
Eger sana sorulan problemi g¢dzemediysen Oncelikle
benzer baska bir problemi ¢6zmeye ¢alis. Daha genel bir
problem hayal edebilir misin? Daha 06zel? Daha
kiyaslanabilir? Problemin bir pargasini ¢ozebilir misin?
Verilenlerden ise yarayacak bir seyler tiiretebilir misin?
Verilenleri veya bilinmeyeni ya da gerekirse ikisini de
degistirebilir misin?  Biitiin verilenleri kullandin m1?
Biitlin durumlar1 g6z iiniinde bulundurdun mu? Problem
icinde verilen biitiin gerekli kavramlar1 dikkate aldin mi1?
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Uciincii olarak PLANI UYGULAMA
Plan1 uygula Coziim icin plan1 uygula ve her bir adimi kontrol et.
Adimlarin
dogru oldugunu agik bir sekilde gorebiliyor musun?
Dogru oldugunu ispatlayabilir misin?

Dérdiincii olarak COZUMU KONTROL ET

Coziimiinii kontrol Coziimii kontrol edebilir misin?

et Cozimii farkli bir sekilde elde edebilir misin? Coziime
kisaca

bir g6z atabilir misin? Elde edilen sonucu veya problem
¢Ooziimiinde kullanilan metot bagka bir problem
¢oziimiinde kullanilabilir mi?

» Problem ¢ozme stratejileri (6riintii arama, sekil ¢izme, tahmin ve kontrol etme,
sayi ciimleleri, geriye donerek ¢alisma, akil yiiriitme, benzer bir problemi
¢ozme, denklem kurma, deneme yanilma, ekstra verilen bilgileri veya eksik
verilen bilgileri fark etme) dizerinde durulur.

» “Problem Coziiyorum” etkinlik kagidi verilir ve ogrencilerle birlikte
problemler problem ¢ozme basamaklarina uygun olarak ve farkl stratejiler
kullanmilarak ¢oziiliir. Bu stratejiler sinifca tartisilir.

Problem Coziiyorum

PROBLEM 1: Mehmet Amca’nin ¢iftliginde keci ve tavuk beslemektedir. Mehmet
Amca ¢iftlikte 28 tane hayvan beslemekte ve bu hayvanlarin toplam ayak sayisi
104°tlir. Buna gére Mehmet Amca’nin ¢iftliginde kag tane tavuk vardir?

1) Yukarida verilen problemi anlam bakimindan ayni olacak sekilde kendi
climleleriniz ile yeniden yaziniz.

2) Problemde ne verilmistir? Ne istenmektedir? Kendi ciimleleriniz ile
aciklayiniz.

Verilenler Istenilenler

3) 2. adimda belirlediginiz verilen ve istenilen bilgileri dikkate alarak
problemi nasil c¢ozeceginize dair bir plan yapimiz. Planimizi kendi
climleleriniz ile a¢iklayiniz.
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4) 3. adimda yaptiginiz plani g6z dniinde bulundurarak problemi ¢6ziiniiz.

5) 4. adimda elde ettiginiz sonucun dogrulugundan emin misiniz? Neye gore
emin olup olmadiginiz1 agiklayiniz.

» Problem I i¢in kullanilabilecek stratejiler tartisilir ve problem ¢ozme adimlari
da goz iiniinde bulundurularak, Problem 1 “Tahmin ve Kontrol”, “Akil
Yiiriitme”, “Deneme Yanilma”, stratejileri kullanilarak ogrencilerle birlikte
¢oziiliir. Stratejiler tizerinde konugulur ve tartisilir.

PROBLEM 2: Ayse 40 soruluk bir sinavda sorularin %’sini dogru cevapliyor. Ayse’nin
hi¢ bosu olmadigina gore yanlis cevapladig soru sayist kagtir?

Problemi Anlayalim:

Verilenler: Istenilenler:

Plan Yapalim:

Plant Uygulayalim:

Kontrol Edelim:

» Problem 2, “Sekil Cizme (Problemi Modelleme)” stratejisi kullanilarak
ogrencilerle birlikte ¢oziiliir.

PROBLEM 3: Bugra ve Tolga oyun oynarken, Bugra, Tolga’ya 13 tane oyuncak
arabasinin oldugunu sdyliiyor. Tolga ise Bugra’ya; onun oyuncak arabalarinin sayisi
kendi oyuncak arabasi sayisinin 2 katindan 5 fazla oldugunu soyliiyor. Buna gore
Tolga’nin kag tane oyuncak arabasi vardir?

Problemi Anlayalim: .
Verilenler: Istenilenler:
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Plan Yapalim:

Plani Uygulayalim:

Kontrol Edelim:

> Prob[em 3, “Denklem Kurma”, “Matematik ciimlesi Olusturma” ve “Uygun
olan Islemi Se¢me” stratejilerini kullanarak 6grencilerle birlikte ¢oziiliir.

PROBLEM 4: Baris Bey, ise ge¢ kaldigi icin evinin Oniinden taksiye biner,
taksimetrenin agilis iicreti 2 TL’dir. Taksimetre her 1 kilometrede bir 1 TL yazar. Baris
Bey, taksiciye 3 TL de bahsis birakarak toplam 10 TL verir. Baris Bey’in is yeri
evinden ka¢ km uzakliktadir.

Problemi Anlayalim:

Verilenler: Istenilenler:

Plan Yapalim:

Plani Uygulayalim:

Kontrol Edelim:

» Problem 4, “Geriye donerek c¢alisma”, “Akil yiiriitme” stratejilerini
kullanarak 6grencilerle birlikte ¢oziiliir.

PROBLEM 5: Aysenur, asagidaki oriintliyli devam ettirmek i¢in sizden yardim
istemektedir. Ona yardimc1 olur musunuz?

AA
a) F satirinda kag harf vardir?
BBBB b) Oriintiiniin hangi satirinda 22 harf vardir?

CCcccc

seeeeeee

?7?

Problemi Anlayalim: .
Verilenler: Istenilenler:
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Plan Yapalim:

Plani Uygulayalim:

Kontrol Edelim:

> Problem 5, “Oriintii Arama”, “Akil Yiiriitme” stratejilerini kullanarak
ogrencilerle birlikte ¢oziiliir.

PROBLEM 6: Kanal D hava durumu spikeri Cuma aksami; “Cumartesi giinii 6 °C olan
hava sicaklig1 her giin iki derece artacak.” demistir. Buna gore hafta i¢i Persembe giinii
tahmini hava sicaklig1 ka¢ derece olacaktir?

Problemi Anlayalim: .

Verilenler: Istenilenler:

Plan Yapalim:

Plani Uygulayalim:

Kontrol Edelim:

» Problem 6, “Bir Liste, Grafik ve Tablo Yapma” stratejisi kullanarak
ogrencilerle birlikte ¢oziiliir.

H. 6™ GRADE PROBLEM SOLVING LESSON PLAN / 6. SINIF
PROBLEM COZME DERS PLANI

Ad1 & Soyadi: Cafer Sinan Alkan
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Konu: Problem C6zme

Sinif Diizeyi: 6. Stif

Siire: 5 ders saati (bir hafta)

Ogrenme Alam: Sayilar

Alt Ogrenme Alani: Dogal Sayilar, Kesirlerle Islemler, Ondalik Gosterimli ifadelerle
Islemler

Gerekli olan on bilgiler:

e Dogal sayilarla dort islem yapma
e Ondalik gosterimli ifadelerle islem yapma

Kazanimlar:

e Dogal sayilarla dort islem yapmay1 gerektiren problemleri ¢ozer
e Ondalik ifadelerle dort islem yapmay1 gerektiren problemleri ¢ozer.
e Kesirlerle islem yapmay1 gerektiren problemleri ¢ozer.

Gerekli Materyaller:

e “Problem Coziiyorum” adli etkinlik kagidi

Giris
Ogrencilere “problem deyince akliniza ne geliyor?” sorusu sorulur.

Giinlik yasam — Matematik problemler
problemler

» “Sizce swmifta ¢ozdiigiimiiz matematik problemleri ile giinliik yasamda
karsimiza ¢ikan problemler ayni midir?” sorusu ogrencilere sorulur ve bunun
tizerine tartigilir. Sorunun yanit1 6grencilere verilmez, asagidaki etkinlik ile
sonuca kendilerinin ulagsmasi saglanir.

Okulumuzun 6. Sinif 6grencileri Antalya’ya gezi diizenleyecektir. Sizce nasil giderler?

» Bu bir giinliik hayat problemi midir yoksa matematik problemi midir? Neden?
» Bu problemi matematiksel olarak nasil ifade edersiniz?

Bu problemi ¢6zmek i¢in sizce hangi bilgilere ihtiyag vardir?

e 6. Smif 6grencilerinin sayisi (150)
e Ne ile yolculuk yapacaklar1 (Otobiis, Tren,....)
¢ Bir otobiisiin ka¢ 6grenci tasiyabilecegi (30 kisi veya 40 kisilik otobiis)

» Bu bir matematik problemi olsaydi nasil sorardik?
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Giinliik yasam problemi
6. simif 6grencileri olarak Antalya’ya bir gezi diizenleyeceksiniz. Nasil?

Problemin matematiksel anlatimi

Okulumuzun 6. Smif 6grencileriyle Antalya’ya bir gezi diizenlenecektir. 150
ogrenci 30 yolcu tasiyabilen araglarla yolculuk edeceklerdir. Bu gezi i¢in kag
ara¢ gereklidir?

Matematiksel problemin ¢6zimii
150 =-30=5

Giinlik yasam probleminin ¢c6zimi
5 arag gereklidir.

Yukaridaki tablo ile 6grencilere matematik problemlerinin yakin gevrelerinde
ve giinliik yasamda karsilasilan durumlar oldugu ogrencilere fark ettirilir.

Etkinlik:

Sinif 3’er kisilik gruplara ayrilir.

Her gruba 1’er tane A3 kagidi verilir.

Ogrencilerden 6nce A3 kagidini ikiye katlamalar1 istenir.

Daha sonra, bu boliimleri asagidaki gibi dorde bolmeleri istenir.

Her gruptan iki adet gercek yasam problemleri kurmalart istenir.

Coziimler sinifta paylasilir. Sinifca segilen 4 problem poster haline getirilmesi
icin hazirlayan 6grencilere 6dev verilir.

YV VYV

. Matematiksel problemin ¢oziimii 4. Gercek hayat probleminin ¢cozimii

- L

Gercek vasam problemleri 3. Problemin matematiksel anlatimi

Problem ¢ézmenin onemi iizerinde durulur.

Problem ¢ézmek neden bu kadar onemli? Neden problem ¢ozmeyi
ogreniyoruz? Gibi sorular 6grencilere yoneltilir.

Problem ¢6zme; ne yapilacaginin bilinmedigi durumlarda yapilmasi gerekeni
bulmaktir.
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Gilinliikk yasamda karsilastigimiz problemler kisisel de olabilir, tiim toplumu
ilgilendiren bir problemde olabilir. Ornegin,

e Ankara’da su sikintist var ve bu problem kiiresel 1sinmanin da etkisiyle her
gecen glin daha da artmakta. Su sikintis1 gilinlik yasam problemi ve tiim
toplumu ilgilendiriyor.

e Bir adada tek basina kalan bir adam i¢in nasil hayatta kalacagi bir problem.

Karsimiza ¢ikan biitiin problemleri matematik dersinde ¢d6zemeyiz ama problem
¢ozmeyi 6grendigimizde, derste 6grendiklerimizi giinliik yasamda, farkli alandaki
problemleri ¢6zmede kullanabiliriz. Bilgisayar oyunlarinda basit bir oyunu oynamak
icin gelistirdigimiz stratejileri daha zor ve karmasik bir oyunu oynarken kullandigimiz

gibi

» Problem ¢ozme basamaklari (Problemi Anlayalim, Plan Yapalim, Plani
Uygulayalim, Kontrol Edelim, Problem Kuralim) iizerinde durulur.

Ik olarak
Problemi anlamaliyiz
ne?

Ikinci olarak

Verilenler ile
bilinmeyenler arasindaki
baglantiy1 bul. Eger hemen
biliyor

bir baglant1 bulamazsan
teorem

yardimci problemlere
g6z Oniinde

sahip

bulundurabilirsin.

En sonunda problemin
problem.

(Coziimi i¢in bir plan
yapmalisin.

kullanabilir

PROBLEMI ANLAMA
Bilinmeyenler neler? Verilenler neler? Problem durumu

Problem durumu ve verilenler, bilinmeyeni bulmak i¢in
yeterli mi? Ya da yetersiz mi? Ya da gereksiz mi? Ya da
celiskili mi?

Problem durumu ig¢in bir figiir ¢iz. Problem durumlarini
pargalara ayir.

PLAN YAPMA

Problemi daha 6nce gordiin mii? Ya da ayn1 problem
durumundan biraz farkl bir problem gordiin mii?
Problem durumu ili ilgili iligkili bir baska bir problem

musun? Problem ¢6ziimiinde faydali olabilecek bir

biliyor musun?
Bilinmeyene bak! Ve ayni veya benzer bilinmeyene

Bagka bir problem diisiin.
Iste daha &nce ¢dziilmiis senin probleminle iliskili bir

Bu problemi kullanabilir misin? Bu problemin sonucunu
kullanabilir misin? Bu problemin ¢dziim metodunu
misin?
Eger sana sorulan problemi ¢dzemediysen oncelikle
benzer baska bir problemi ¢cozmeye ¢alis. Daha genel bir
problem hayal edebilir misin? Daha 6zel? Daha
kiyaslanabilir? Problemin bir par¢asini ¢ézebilir misin?
Verilenlerden ise yarayacak bir seyler tiiretebilir misin?
Verilenleri veya bilinmeyeni ya da gerekirse ikisini de
degistirebilir misin?  Biitiin verilenleri kullandin m1?
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Biitiin durumlar1 g6z iiniinde bulundurdun mu? Problem
icinde verilen biitlin gerekli kavramlar1 dikkate aldin m1?

Uciincii olarak PLANI UYGULAMA
Plan1 uygula Cozliim ic¢in plan1 uygula ve her bir adimi1 kontrol et.
Adimlarin

dogru oldugunu acik bir sekilde gorebiliyor musun?
Dogru oldugunu ispatlayabilir misin?

Dordiincii olarak COZUMU KONTROL ET

Cozlimiinii kontrol Cozlimi kontrol edebilir misin?

et Cozimii farkli bir sekilde elde edebilir misin? Coziime

kisaca
bir goz atabilir misin? Elde edilen sonucu veya problem
cozlimiinde kullanilan metot baska bir problem
¢Ozlimiinde kullanilabilir mi?

» Problem ¢ozme stratejileri (Oriintii arama, sekil ¢izme, tahmin ve kontrol etme,

say1 ctimleleri, geriye donerek ¢alisma, akil yiiriitme, benzer bir problemi
¢ozme, denklem kurma, deneme yanilma, ekstra verilen bilgileri veya eksik
verilen bilgileri fark etme) tizerinde durulur.

“Problem Coziiyorum” etkinlik kagidi verilir ve d&grencilerle birlikte
problemler problem ¢ozme basamaklarina uygun olarak ve farkl stratejiler
kullanilarak ¢oziiliir. Bu stratejiler sinifca tartisilir.

Problem Coziiyorum

1.

>

Mehmet Amca’nin ciftliginde keci ve tavuk beslemektedir. Mehmet Amca
ciftlikte 28 tane hayvan beslemekte ve bu hayvanlarin toplam ayak sayist
104°tiir. Buna gore Mehmet Amca’nin ¢iftliginde kag tane tavuk vardir?

Problem 1 i¢in kullanilabilecek stratejiler tartisilir ve problem ¢ozme adimlar
da goz iiniinde bulundurularak, Problem 1 “Tahmin ve Kontrol”, “Akil
Yiiriitme”, “Deneme Yanilma”, stratejileri kullanilarak 6grencilerle birlikte
coziiliir. Stratejiler tizerinde konusulur ve tartisilir.

. Ayse 6gretmen matematik dersinde bir etkinlik yapacaktir. Bunun i¢in biiyiik

bir fon kartonunu 15 makas darbesiyle es parcalara ayirir ve elindeki parcalari
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hic artmayacak sekilde Ogrencilere dagitir. Karton almayan 6grenci
kalmadigina gore Ayse 6gretmenin sinifinda ka¢ 6grencisi vardir?

Problem 2, “Sekil Cizme (Problemi Modelleme)” stratejisi kullanilarak
ogrencilerle birlikte ¢oziiliir.

Bugra ve Tolga oyun oynarken, Bugra, Tolga’ya 13 tane oyuncak arabasinin
oldugunu sdyliiyor. Tolga ise Bugra’ya; onun oyuncak arabalarinin sayisi
kendi oyuncak arabasi sayisinin 2 katindan 5 fazla oldugunu soyliiyor. Buna
gore Tolga’nin kag tane oyuncak arabasi vardir?

Problem 3, “Denklem Kurma”, “Matematik ciimlesi Olusturma” ve “Uygun
olan Islemi Se¢me” stratejilerini kullanarak 6grencilerle birlikte ¢oziiliir.

. Barig Bey, ise gec kaldig1 i¢in evinin oniinden taksiye biner, taksimetrenin
acilis ticreti 1,5 TL’dir. Taksimetre her 100 metrede bir 20 kurus yazar. Barisg
Bey, taksiciye 2 TL de bahsis birakarak toplam 10 TL verir. Baris Bey’in is
yeri evinden ka¢ km uzakliktadir.

Problem 4, “Geriye donerek ¢alisma”, “Akil yiiriitme” stratejilerini
kullanarak 6grencilerle birlikte ¢oziiliir.

. Aysenur, asagidaki oriintiiyli devam ettirmek i¢in sizden yardim istemektedir.
Ona yardimci olur musunuz?
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AA
BBBB

CCcccc

CCCCCCCC

7?7

c) F satirinda kag harf vardir?
d) Oriintiiniin hangi satirinda 22 harf vardir?
> Problem 5, “Oriintii  Arama”, “Akil  Yiiriitme”

stratejilerini kullanarak ogrencilerle birlikte ¢oziiliir.

6. Kanal D hava durumu spikeri Cuma aksami; “Cumartesi

giinii 6 °C olan hava sicaklig1 her giin iki derece artacak.” demistir. Buna gore
hafta i¢i Persembe giinii tahmini hava sicaklig1 ka¢ derece olacaktir?

> Problem 6,

“Bir Liste, Grafik ve Tablo Yapma” stratejisi kullanarak

ogrencilerle birlikte ¢oziiliir.
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I. 7" GRADE PROBLEM SOLVING LESSON PLAN / 7. SINIF
PROBLEM COZME DERS PLANI

Ad1 & Soyadi: Cafer Sinan Alkan

Konu: Problem C6zme

Simif Diizeyi: 7. Stif

Siire: 5 ders saati (bir hafta)

Ogrenme Alam: Sayilar

Alt Ogrenme Alami: Dogal Sayilar, Rasyonel Sayilar, Tam Sayilar
Gerekli olan 6n bilgiler:

e Dogal sayilarla dort islem yapma

Kazanimlar:

e Tam sayilarla islemler yapmay1 gerektiren problemleri ¢ozer.

e Rasyonel sayilarla islem yapmay1 gerektiren problemleri ¢ozer

e Gergek yasam durumlarina uygun birinci dereceden bir bilinmeyenli
denklemleri kurar.

Gerekli Materyaller:
e “Problem Coziiyorum” adl etkinlik kagidi

Giris

Ogrencilere “problem deyince akliniza ne geliyor?” sorusu sorulur.

Giinlik yasam —p Matematik problemler
problemler

» “Sizce swmifta ¢ozdiigiimiiz matematik problemleri ile giinliik yasamda
karsimiza ¢ikan problemler ayni midir?” sorusu ogrencilere sorulur ve bunun
tizerine tartigilir. Sorunun yanit1 6grencilere verilmez, asagidaki etkinlik ile
sonuca kendilerinin ulagsmasi saglanir.

Okulumuzun 7. Simif 6grencileri Antalya’ya gezi diizenleyecektir. Sizce nasil giderler?

» Bu bir giinliik hayat problemi midir yoksa matematik problemi midir? Neden?
» Bu problemi matematiksel olarak nasil ifade edersiniz?

Bu problemi ¢6zmek i¢in sizce hangi bilgilere ihtiyag vardir?

e 7. Smf 6grencilerinin sayis1 (150)
e Ne ile yolculuk yapacaklar1 (Otobiis, Tren,....)
e Bir otobiisiin kag¢ 6grenci tasiyabilecegi (30 kisi veya 40 kisilik otobiis)

» Bu bir matematik problemi olsaydi nasil sorardik?

153



10.

11.

12.

Giinliik yasam problemi
7. simif 6grencileri olarak Antalya’ya bir gezi diizenleyeceksiniz. Nasil?

Problemin matematiksel anlatimi

Okulumuzun 7. Smif 6grencileriyle Antalya’ya bir gezi diizenlenecektir. 150
ogrenci 30 yolcu tasiyabilen araglarla yolculuk edeceklerdir. Bu gezi i¢in kag
ara¢ gereklidir?

Matematiksel problemin ¢6zimii
150 =-30=5

Giinliik yasam probleminin ¢coziimii
5 arag gereklidir.

Yukaridaki tablo ile 6grencilere matematik problemlerinin yakin ¢evrelerinde
ve gtinliik yasamda karsilasilan durumlar oldugu égrencilere fark ettirilir.

Etkinlik:

Sinif 3’er kisilik gruplara ayrilir.

Her gruba 1’er tane A3 kagidi verilir.

Ogrencilerden 6nce A3 kagidini ikiye katlamalar1 istenir.

Daha sonra, bu boliimleri asagidaki gibi dorde bolmeleri istenir.

Her gruptan iki adet gercek yasam problemleri kurmalart istenir.

Cozlimler siifta paylasilir. Sinifca segilen 4 problem poster haline getirilmesi
icin hazirlayan 6grencilere ddev verilir.

Gercek vasam problemleri 3. Problemin matematiksel anlatimi

Matematiksel problemin ¢oziimii 4. Gercek hayat probleminin ¢Ozimi

B L

» Problem ¢ozmenin onemi tizerinde durulur.
» Problem ¢ozmek neden bu kadar onemli? Neden problem ¢ozmeyi

ogreniyoruz? Gibi sorular ogrencilere yoneltilir.
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» Problem ¢dzme; ne yapilacaginin bilinmedigi durumlarda yapilmas: gerekeni

bulmaktir.

Giinlik yasamda karsilastigimiz problemler kisisel de olabilir, tiim toplumu
ilgilendiren bir problemde olabilir. Ornegin,

e Ankara’da su sikintis1 var ve bu problem kiiresel 1sinmanin da etkisiyle her
gecen giin daha da artmakta. Su sikintis1 giinliik yasam problemi ve tiim
toplumu ilgilendiriyor.

e Bir adada tek basina kalan bir adam i¢in nasil hayatta kalacagi bir problem.

Karsimiza ¢ikan biitiin problemleri matematik dersinde ¢dzemeyiz ama problem
¢ozmeyi 6grendigimizde, derste dgrendiklerimizi gilinliik yasamda, farkli alandaki
problemleri ¢6zmede kullanabiliriz. Bilgisayar oyunlarinda basit bir oyunu oynamak
icin gelistirdigimiz stratejileri daha zor ve karmasik bir oyunu oynarken kullandigimiz

gibi

» Problem ¢ozme basamaklari (Problemi Anlayalim, Plan Yapalim, Plani
Uygulayalim, Kontrol Edelim, Problem Kuralim) iizerinde durulur.

[k olarak
Problemi anlamaliy1z
ne?

Ikinci olarak

Verilenler ile
bilinmeyenler arasindaki
baglantiy1 bul. Eger hemen
biliyor

bir baglant1 bulamazsan
teorem

yardimci problemlere
g6z Oniinde

sahip

bulundurabilirsin.

En sonunda problemin
problem.

(Cozliimi i¢in bir plan
yapmalisin.

kullanabilir

PROBLEMI ANLAMA
Bilinmeyenler neler? Verilenler neler? Problem durumu

Problem durumu ve verilenler, bilinmeyeni bulmak i¢in
yeterli mi? Ya da yetersiz mi? Ya da gereksiz mi? Ya da
celiskili mi?

Problem durumu i¢in bir figiir ¢iz. Problem durumlarini
parcalara ayir.

PLAN YAPMA

Problemi daha 6nce gordiin mii? Ya da ayni problem
durumundan biraz farkli bir problem goérdiin mii?
Problem durumu ili ilgili iligkili bir bagka bir problem

musun? Problem ¢6ziimiinde faydali olabilecek bir

biliyor musun?
Bilinmeyene bak! Ve ayni veya benzer bilinmeyene

Bagka bir problem diisiin.
Iste daha &nce ¢dziilmiis senin probleminle iliskili bir

Bu problemi kullanabilir misin? Bu problemin sonucunu

kullanabilir misin? Bu problemin ¢dziim metodunu
misin?

Eger sana sorulan problemi ¢dzemediysen oncelikle

benzer baska bir problemi ¢cozmeye ¢alis. Daha genel bir

problem hayal edebilir misin? Daha 6zel? Daha

kiyaslanabilir? Problemin bir pargasini ¢ézebilir misin?
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Uciincii olarak
Plan1 uygula
Adimlarin

Dordiincii olarak
Coziimiinii kontrol
et

kisaca

Verilenlerden ige yarayacak bir seyler tiiretebilir misin?
Verilenleri veya bilinmeyeni ya da gerekirse ikisini de
degistirebilir misin?  Biitiin verilenleri kullandin m1?
Biitiin durumlar1 g6z tiniinde bulundurdun mu? Problem
icinde verilen biitiin gerekli kavramlar1 dikkate aldin m1?

PLANI UYGULAMA
Coziim icin plant uygula ve her bir adimi kontrol et.

dogru oldugunu agik bir sekilde gorebiliyor musun?
Dogru oldugunu ispatlayabilir misin?

¢OZUMU KONTROL ET
Coziimii kontrol edebilir misin?
Cozimii farkli bir sekilde elde edebilir misin? Coziime

bir gz atabilir misin? Elde edilen sonucu veya problem
¢Oziimiinde kullanilan metot bagka bir problem
¢oziimiinde kullanilabilir mi?

» Problem ¢ozme stratejileri (6riintii arama, sekil ¢izme, tahmin ve kontrol etme,
sayt ciimleleri, geriye donerek calisma, akil yiiriitme, benzer bir problemi
¢ozme, denklem kurma, deneme yanilma, ekstra verilen bilgileri veya eksik
verilen bilgileri fark etme) dizerinde durulur.

» “Problem Coziiyorum” etkinlik kagidi verilir ve ogrencilerle birlikte
problemler problem ¢ozme basamaklarina uygun olarak ve farkli stratejiler
kullanilarak ¢oziiliir. Bu stratejiler sinifca tartisilir.

Problem Coziiyorum

1. Mehmet Amca’nin ¢iftliginde ke¢i ve tavuk beslemektedir. Mehmet Amca
ciftlikte 28 tane hayvan beslemekte ve bu hayvanlarin toplam ayak sayisi
104°tiir. Buna gore Mehmet Amca’nin ¢iftliginde kag tane tavuk vardir?

» Problem I i¢in kullanilabilecek stratejiler tartisilir ve problem ¢ozme adimlar
da goz iiniinde bulundurularak, Problem 1 “Tahmin ve Kontrol”, “Akil
Yiiriitme”, “Deneme Yanilma”, stratejileri kullanilarak ogrencilerle birlikte
coziiliir. Stratejiler iizerinde konusulur ve tartisilir.

2. 30 ogrencinin bulundugu bir smifta dgrencilerin z’i gozlikludiir. Gozlikli

" o3, .
Ogrencilerin E’u erkektir.

Buna gore siifta kag tane gozliikli erkek 6grenci vardir?
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» Problem 2, “Sekil Cizme (Problemi Modelleme)” stratejisi kullanilarak
ogrencilerle birlikte ¢oziiliir.

3. 22 TL si bulunan Ozlem giinde 2 TL, 10 TL’si bulunan Melih giinde 4 TL
biriktirmektedir.
Kag giin sonra Ozlem ve Melih’in paralar1 esit olur?

> Probl_em 3, “Denklem Kurma”, “Matematik ciimlesi Olusturma” ve “Uygun
olan Islemi Se¢me” stratejilerini kullanarak 6grencilerle birlikte ¢oziiliir.

4. Bars Bey, ise gec¢ kaldig1 icin evinin Oniinden taksiye biner, taksimetrenin
acilis ticreti 1,5 TL dir. Taksimetre her 100 metrede bir 20 kurus yazar. Barisg
Bey, taksiciye 2 TL de bahsis birakarak toplam 10 TL verir. Barig Bey’in is
yeri evinden ka¢ km uzakliktadir.

» Problem 4, “Geriye donerek c¢alisma”, “Akil yiiriitme” stratejilerini
kullanarak 6grencilerle birlikte ¢oziiliir.

5. Aysenur, asagidaki oriintiiyli devam ettirmek i¢in sizden yardim istemektedir.
Ona yardimci olur musunuz?
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AA
e) F satirinda kag harf vardir?
BBBB £)Oriintiiniin hangi satirinda 22 harf vardir?
CCCccc
CCCCCCCC
?7?
» Problem 5, “Oriintii Arama”, “Akil Yiiriitme” stratejilerini  kullanarak

ogrencilerle birlikte ¢oziiliir.

6. Kanal D hava durumu spikeri Cuma aksami; “Cumartesi giinii 6 °C olan hava
sicakligi her giin iki derece azalacaktir.” demistir. Buna gore hafta i¢i Persembe
giinli tahmini hava sicaklig1 ka¢ derece olacaktir?

Problem 6, “Bir Liste, Grafik ve Tablo Yapma” stratejisi kullanarak 6grencilerle
birlikte ¢oziiliir.
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J. 8™ GRADE PROBLEM SOLVING LESSON PLAN / 8. SINIF
PROBLEM COZME DERS PLANI

Ad1 & Soyadi: Cafer Sinan Alkan

Konu: Problem C6zme

Sinif Diizeyi: 8. Stif

Siire: 5 ders saati (bir hafta)

Ogrenme Alam: Sayilar

Alt Ogrenme Alami: Dogal Sayilar, Rasyonel Sayilar, Tam Sayilar
Gerekli olan 6n bilgiler:

e Dogal sayilar, Rasyonel Sayilar ve Tam Sayilarla dort islem yapma

Kazanimlar:

e Iki dogal saymin en biiyiik ortak bolenini (EBOB) ve en kiigiik ortak katin
(EKOK) hesaplar; ilgili problemleri ¢ozer.

Uslii ifadelerle ilgili temel kurallari anlar, birbirine denk ifadeler olusturur.
Karekoklii ifadelerde carpma ve bolme islemlerini yapar.

Karekoklii ifadelerde toplama ve ¢ikarma islemlerini yapar.

Basit olaylarin olma olasiligini hesaplar.

Gerekli Materyaller:
e “Problem Coziiyorum” adl1 etkinlik kagidi

Giris
Ogrencilere “problem deyince akliniza ne geliyor?” sorusu sorulur.

Gunliik yagam

problemler ’ [Matematik problemler}

» “Sizce swmifta ¢ozdiigiimiiz matematik problemleri ile giinliik yasamda
karsimiza ¢ikan problemler ayni midwr?” sorusu 6grencilere sorulur ve bunun
tizerine tartigilir. Sorunun yanit1 6grencilere verilmez, asagidaki etkinlik ile
sonuca kendilerinin ulagsmasi saglanir.

Okulumuzun 8. Sinif 6grencileri Antalya’ya gezi diizenleyecektir. Sizce nasil giderler?

» Bu bir giinliik hayat problemi midir yoksa matematik problemi midir? Neden?
» Bu problemi matematiksel olarak nasil ifade edersiniz?

Bu problemi ¢6zmek i¢in sizce hangi bilgilere ihtiyag vardir?

e 8. Smif 6grencilerinin sayis1 (150)
e Ne ile yolculuk yapacaklar1 (Otobiis, Tren,....)
e Bir otobiisiin kag 6grenci tagiyabilecegi (30 kisi veya 40 kisilik otobiis)
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Bu bir matematik problemi olsaydi nasil sorardik?

13.

14.

15.

16.

Glinliik yasam problemi
8. siif dgrencileri olarak Antalya’ya bir gezi diizenleyeceksiniz. Nasil?

Problemin matematiksel anlatimi
Okulumuzun 8. Smif 6grencileriyle Antalya’ya bir gezi diizenlenecektir. 150
ogrenci 30 yolcu tasiyabilen araglarla yolculuk edeceklerdir. Bu gezi icin kag
ara¢ gereklidir?

Matematiksel problemin coziimil
150 -30=5

Giinliik yasam probleminin ¢c6ziimii
5 arag gereklidir.

Yukaridaki tablo ile 6grencilere matematik problemlerinin yakin ¢evrelerinde
ve gtinliik yasamda karsilasilan durumlar oldugu égrencilere fark ettirilir.

Etkinlik:

Sinif 3’er kisilik gruplara ayrilir.

Her gruba 1’er tane A3 kagid verilir.

Ogrencilerden 6nce A3 kagidini ikiye katlamalar1 istenir.

Daha sonra, bu boliimleri asagidaki gibi dorde bolmeleri istenir.

Her gruptan iki adet ger¢ek yasam problemleri kurmalart istenir.

Coziimler siifta paylasilir. Sinif¢a segilen 4 problem poster haline getirilmesi
icin hazirlayan 6grencilere ddev verilir.

8.

Gercek vasam problemleri 3. Problemin matematiksel anlatimi

Matematiksel problemin ¢o6ziimii 4. Gercek havat probleminin ¢oziimii

B S —
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» Problem ¢ozmenin dénemi tizerinde durulur.

» Problem ¢ozmek neden bu kadar onemli? Neden problem ¢ézmeyi
ogreniyoruz? Gibi sorular 6grencilere yoneltilir.

» Problem ¢dzme; ne yapilacaginin bilinmedigi durumlarda yapilmasi gerekeni

bulmaktir.

Gilnliik yasamda karsilastigimiz problemler kisisel de olabilir, tiim toplumu
ilgilendiren bir problemde olabilir. Ornegin,

e Ankara’da su sikintis1 var ve bu problem kiiresel 1sinmanin da etkisiyle her
gecen glin daha da artmakta. Su sikintis1 gilinlik yasam problemi ve tim
toplumu ilgilendiriyor.

e Bir adada tek basina kalan bir adam i¢in nasil hayatta kalacagi bir problem.

Karsimiza ¢ikan biitiin problemleri matematik dersinde ¢dzemeyiz ama problem
¢ozmeyi 6grendigimizde, derste Ogrendiklerimizi giinlik yasamda, farkli alandaki
problemleri ¢6zmede kullanabiliriz. Bilgisayar oyunlarinda basit bir oyunu oynamak
icin gelistirdigimiz stratejileri daha zor ve karmasik bir oyunu oynarken kullandigimiz

gibi

» Problem ¢ozme basamaklart (Problemi Anlayalim, Plan Yapalim, Plam
Uygulayalim, Kontrol Edelim, Problem Kuralim) tizerinde durulur.

Ik olarak
Problemi anlamaliyiz
ne?

Ikinci olarak

Verilenler ile
bilinmeyenler arasindaki
baglantiy1 bul. Eger hemen
biliyor

bir baglant1 bulamazsan
teorem

yardimci problemlere
g6z Oniinde

sahip

bulundurabilirsin.

En sonunda problemin
problem.

(COziimii i¢in bir plan
yapmalisin.

kullanabilir

PROBLEMI ANLAMA
Bilinmeyenler neler? Verilenler neler? Problem durumu

Problem durumu ve verilenler, bilinmeyeni bulmak igin
yeterli mi? Ya da yetersiz mi? Ya da gereksiz mi? Ya da
celiskili mi?

Problem durumu i¢in bir figiir ¢iz. Problem durumlarini
pargalara ayir.

PLAN YAPMA

Problemi daha 6nce gordiin mii? Ya da ayn1 problem
durumundan biraz farkl bir problem gordiin mii?
Problem durumu ili ilgili iligkili bir bagka bir problem

musun? Problem ¢oziimiinde faydali olabilecek bir

biliyor musun?
Bilinmeyene bak! Ve ayni veya benzer bilinmeyene

Bagka bir problem distin.
Iste daha once ¢6ziilmiis senin probleminle iliskili bir

Bu problemi kullanabilir misin? Bu problemin sonucunu

kullanabilir misin? Bu problemin ¢6ziim metodunu
misin?
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Uciincii olarak
Plan1 uygula
Adimlarin

Dordiincii olarak
Cozlimiinii kontrol
et

kisaca

Eger sana sorulan problemi ¢dzemediysen oncelikle
benzer baska bir problemi ¢ozmeye ¢alis. Daha genel bir
problem hayal edebilir misin? Daha 06zel? Daha
kiyaslanabilir? Problemin bir par¢asini1 ¢ozebilir misin?
Verilenlerden ige yarayacak bir seyler tiiretebilir misin?
Verilenleri veya bilinmeyeni ya da gerekirse ikisini de
degistirebilir misin?  Biitiin verilenleri kullandin m1?
Biitiin durumlar1 g6z tiniinde bulundurdun mu? Problem
icinde verilen biitiin gerekli kavramlar1 dikkate aldin m1?

PLANI UYGULAMA
Coziim icin plan1 uygula ve her bir adimi kontrol et.

dogru oldugunu agik bir sekilde gorebiliyor musun?
Dogru oldugunu ispatlayabilir misin?

¢OZUMU KONTROL ET
Coziimii kontrol edebilir misin?
Cozimii farkli bir sekilde elde edebilir misin? Coziime

bir gz atabilir misin? Elde edilen sonucu veya problem
¢Oziimiinde kullanilan metot bagka bir problem
¢oziimiinde kullanilabilir mi?

» Problem ¢ozme stratejileri (6riintii arama, sekil ¢izme, tahmin ve kontrol etme,
sayt ciimleleri, geriye donerek calisma, akil yiiriitme, benzer bir problemi
¢ozme, denklem kurma, deneme yanilma, ekstra verilen bilgileri veya eksik
verilen bilgileri fark etme) dizerinde durulur.

» “Problem Coziiyorum” etkinlik kagidi verilir ve ogrencilerle birlikte
problemler problem ¢ozme basamaklarina uygun olarak ve farkli stratejiler
kullanilarak ¢oziiliir. Bu stratejiler sinifca tartisilir.

Problem C6ziiyorum

1. Boyu 120 m, eni 80 m olan dikdortgen seklindeki bir bahg¢enin kenarina esit
araliklarla (koselere de konulmak iizere) fidan dikilecektir. Bu is i¢in en az kag
tane kavak agaci gereklidir?

» Problem 1,

“Sekil Cizme (Problemi Modelleme)” stratejisi kullanilarak

ogrencilerle birlikte ¢oziiliir.
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2. Bir kutudaki bilyeler dorderli ve altisarli sayildiginda her seferinde 3 bilye
artiyor. Bu kutudaki bilye sayisinin 400°den fazla oldugu bilindigine gore
bilye sayisi en az kagtir?

Problem 2 icin kullanilabilecek stratejiler tartisilir ve problem ¢ézme adimlart da goz
tintinde bulundurularak, Problem 2 “Tahmin ve Kontrol”, “Akil Yiiriitme”, “Deneme
Yanilma”, stratejileri kullanilarak 6grencilerle birlikte ¢oziiliiv. Stratejiler tizerinde

konusulur ve tartisilir.

3. Uzunluklar1 120 cm ve 165 cm olan iki tahta parcasi bir kesme makinesi ile
santimetre cinsinden tam say1 olan esit uzunluktaki pargalara ayrilacaktir.

Bu makine ile bir kesme islemi 15 saniye siirdiigiine gore isin tamami en az ne kadar
zaman alacaktir?

» Problem 3, “Denklem Kurma”, “Matematik ciimlesi Olusturma” ve “Uygun
olan Islemi Se¢me” stratejilerini kullanarak ogrencilerle birlikte ¢oziiliir.

4. Baris Bey, ise gec kaldig1 i¢in evinin Oniinden taksiye biner, taksimetrenin
acilis ticreti 1,5 TL’dir. Taksimetre her 100 metrede bir 20 kurus yazar. Barisg
Bey, taksiciye 2 TL de bahsis birakarak toplam 10 TL verir. Baris Bey’in is
yeri evinden ka¢ km uzakliktadir.

» Problem 4, “Geriye donerek ¢alisma”, “Akil yiiriitme” stratejilerini
kullanarak 6grencilerle birlikte ¢oziiliir.
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5. Aysenur, asagidaki oriintiiyii devam ettirmek i¢in sizden yardim istemektedir.
Ona yardimci olur musunuz?

AA
g) F satirinda kag harf vardir?
BBBB h) Oriintiiniin hangi satirinda 22 harf vardir?
CCCCCC
GCCCCCCCC
?7?
> Problem 5, “Oriintii Arama”, “Akil Yiiriitme” stratejilerini kullanarak

ogrencilerle birlikte ¢oziiliir.

6. Asli hemsire 9 giinde bir, Elif hemsire ise 12 giinde bir nobet tutmaktadr. ikisi
birlikte ndbet tuttuktan en az kag giin sonra tekrar birlikte ndbet tutarlar?

Problem 6, “Bir Liste, Grafik ve Tablo Yapma” stratejisi kullanarak égrencilerle
birlikte ¢oziiliir.
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K. TURKISH SUMMARY

ORTAOKUL OGRENCILERININ KELIME PROBLEMLERINDE
PROBLEM COZME ADIMLARINI KULLANIMLARI VE BU
PROBLEMLERIN COZUMLERINDE KULLANDIKLARI STRATEJILER

GIRIS

Bir¢cok insan matematigin hayati zor ve dayanilmaz kilan konulardan biri
oldugunu diisiinmektedir (Arslan, Yavuz ve Deringol-Karatag, 2014). Oysa
matematik, hayati anlama ve sevme yollarindan biridir ve diger bircok durumda
oldugu gibi bir seyi sevmek, onu anlamay1 gerektirir. Baska bir deyisle, bir seyi
anlayabildigimizde sevebiliriz (Sertdz, 2011). Dahasi, Hagaman (1964), 6gretmenler
tarafindan da kendi deneyimlerine dayanarak bilindigi gibi, 6grencilerin en iyi
ogrendiklerini anlamis olduklarinda o6grendiklerini  belirtiyor. Genel olarak
anlamadigimiz durumlara kars1 olumsuz diisiince ve davranislar sergileriz. Pek ¢ok
insan tam olarak anlamadig1 i¢in matematige karst olumsuz tutumlara sahiptir.
Ogrencinin matematikten hoslanmamasinin altinda yatan en énemli nedenlerden biri,
problem ¢6zme becerileri ile ilgili konularda yasadiklar1 6zgiiven eksikligi ile ilgilidir
(Arslan, Yavuz ve Deringol-Karatas, 2014). Bu ylizden, matematiksel problem ¢ézme
okul miifredatinda biiyiik 6nem tasir ve okullarin problem ¢6zme temelli 6gretim gibi
yenilik¢i 6gretim yontemleriyle matematigi daha anlasilir hale getirmesi gerekir.
Gilinlimiizde matematik egitiminin temel amaglarindan biri matematik problemlerini
¢ozme yeteneginin gelistirilmesidir (Shiakalli ve Zacharos, 2014). Bu nedenle okul
programlari, 6grencilerin problem ¢6zme becerilerine odaklanmaktadir (Zakaria,
Haron ve Daud, 2010). Yaratic1 problem ¢6zme, yasamin ¢esitli alanlarinda basarili
olmak i¢in onemlidir (NCTM, 2000). Bu sebeple birgok iilke problem ¢ozme
yontemini daha etkili kullanmak i¢in 6gretim programlarini yeniledi. Bu, Tiirkiye'deki
tiim ilkokul programlari i¢in de gecerlidir; problem ¢dzme matematik egitiminin daha
onemli bir unsuru haline gelmistir (Yildizlar, 2001). Matematik egitiminde problem
¢6zme vurgusu arttikca problem ¢dzme stiregleri ve stratejileri iizerinde calismak daha
da 6nem kazanmaktadir (Giir ve Hangiil, 2015). Elestirel ve yaratic1 diisiincenin
gelisimi, stratejilerin  se¢imi  ve kullanimi, 6zgilin yaklasgim ve yontemlerin
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iyilestirilmesi ve kullanilmasi ve bilginin uyarlanmasi ile gercek hayattaki kelime
problemlerinin farkli ortamlarda uygulanmasi uygun 6grenme ve 6gretme ortamlarini
saglamak ile miimkiindiir (NCTM, 1991; Brown, 2001). Bu nedenle, problem ¢6zme
stratejilerini anlamaya ve kullanmaya biiyiik bir ihtiya¢ vardir. Tiim diinyada bu konu
ile ilgili basarili pek ¢ok calisma yapilsa da ortaokul 6grencilerinin problem ¢ézme
adimlarim1 nasil kullandiklarii ve farkli smif seviyelerindeki ortaokul 6grencileri
tarafindan hangi stratejilerin daha ¢ok tercih edildigini analiz etmeye yonelik bir
caligmaya halen ihtiya¢ duyulmaktadir. Bu ¢alismanin amaci ortaokul 6grencilerinin
problem ¢6zme adimlarin1 ne derece kullandiklari ve problem ¢b6zme sorularinin
¢Oziimiinde hangi stratejileri kullandiklarini incelemektir. Bu ¢aligmanin sonuglari,
Ogretmenlerin her smif diizeyinde hangi problem c¢dzme stratejisinin iizerinde
durulmasi gerektigine iligskin sorularina 151k tutabilir. Aslinda, arastirma 6gretmenlere
Ogrencilerin hangi tiir stratejileri tercih ettikleri ve problemleri ¢6zmek i¢in hangi
stratejileri kullandiklar1 konusunda yararl bilgiler saglayabilir. Ayrica, bu calisma
Tiirkiye'deki matematik miifredat: igin iyi uygulamalar sunabilir. Ogrencilerin
problem ¢ozme ve analitik diisiinme yeteneklerini gelistirmek i¢cin, MEB problem
sorulari1 daha iyi simf ortamlar1 olusturmak igin Ogrencilerin ihtiyaglarina ve
seviyelerine gore okul miifredatina dahil edebilir.

Arastirma Sorulari

Bu calismanin amaci ortaokul 6grencilerinin problem ¢ézme adimlarin1 ne derece
kullandiklar1 ve problem ¢6zme sorularmin ¢6ziimiinde hangi stratejileri
kullandiklarini incelemektir.

Bu kapsamda asagidaki arastirma sorular1 cevaplanacaktir:

1. Ogrencilerin belirlenen gergeveye dayanarak problem ¢dzme adimlarmi ne
derece kullantyor?

2. Ogrenciler kelime problemlerinin ¢dziimiinde hangi stratejileri kullantyorlar?

LITERATUR TARAMASI

Problemin ne anlama geldigi hakkinda bir¢ok farkli tanim vardir. Hepimizin

bir problemi var ama bir kisinin problemi olan bir durum baska bir kisi i¢in problem
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olmayabilir. ik olarak, bazi problem tanimlarinda “durumlarin belirsizligi” ifadesi
vurgulanmaktadir. Shergill'a gére (2012) “problem, birinin su anki durumu ile istedigi
hedef durumu arasinda, digerinden elde etmenin net bir yolu olmadan bir belirsizligin
ve tutarsizligin oldugu durumdur” (s.296). Buna ek olarak, Booker ve Bond (2008)
problemi, acil ve agik bir ¢0ziimii olmayan bir gérev veya durum olarak
tanimlamaktadir. Bunlara paralel olarak, Posamentier ve Krulik, problemi “bir kisinin
kars1 karsiya kaldigi, ¢6ziim gerektiren ve ¢oziime giden yolun derhal olmadigi
(aragtirmaci tarafindan alt1 ¢izilen) bilinmeyen bir durum” olarak tanimlamaktadir
(1998, s.1). Baz1 tanimlarda ise problemin tanimimi i¢im, belirsizligin bir durumun
“problem” olarak adlandirilabilmesi i¢in tek 6zellik olmadigi belirtilmektedir. Ayni
zamanda, bir durumun problem olarak tanimlanabilmesi i¢in &grenci bilinmeyen
durumlan ¢oziilmesi gereken bir soru olarak kabul etmeli ve ¢ézmeye ihtiyag
duymalidir (Herlihy, 1964). Ornegin, 6zellikle yetenekli bir Ogrenci icin, her
matematik dersinde, sadece birkag "problem" ger¢ekten problemler o6zelligi
tagimaktadir. Bu tanimlardan yola ¢ikarak, algoritmik matematik problemlerinden
giinlik hayatimizda karsilastigimiz sosyal problemlere kadar her bir problemin,
takdirde, problem olarak adlandirilabilecegi sonucuna varabiliriz.

Kisisel ilgi ve felsefe ile ilgili oldugu i¢in “Problem ¢6zme nedir?” Sorusuna
cesitli cevaplar vardir (Mamona-Downs & Downs, 2005). NCTM'ye (2000) gore,
problem ¢6zme “¢oziim yonteminin dnceden bilinmedigi bir ise girmedir, bu nedenle,
ogrenciler bir ¢oziim bulmak i¢in kendi bilgileri tizerine ¢ekmelidirler ve bu siireg
boyunca sik sik yeni matematiksel anlayis gelistirmelidir” (s.52). Bu nedenle,
matematik 6grenen Ogrenciler, ¢esitli problemleri nasil arastirip kesfedeceklerini de
ogrenirler. Shergill (2012), problem ¢6zmenin, hedefe ulagsmak i¢in bir strateji
belirleyerek ¢oziim plan1 hazirlaylp zorlugun iistesinden gelmek icin uygulamak
oldugunu belirtmektedir. Ek olarak, bu tanimlamaya ¢ok benzer sekilde, problem
¢ozme Martinez (1998) tarafindan, ¢6ziim yolunun belirsiz oldugu bir hedefe dogru
hareket etme siireci olarak tanimlanmaktadir. Problem ¢6zme temelli derslerde
O0gretmenlerin 6grencileri problem ¢ézme siirecinde yonlendirmeleri gerekir (Van de
Walle, 2010). Polya, Bransford ve Stein ve Van De Walle (2010) Polya’nin “Nasil

¢oziiliir” adli iinli kitabinda belirtilen dort problem ¢6zme adimini analiz etti:
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1. Problemi anlama
Coziim plan1 yapma

Plan1 uygulama

Eal

(Coztiimi kontrol etme

Problemi anlamak, problemi dikkatlice okuduktan sonra neyin verildigini ve
problemde neler bulunacaginin farkinda olmaktir. Mamona-Downs ve Downs (2005)
tarafindan matematik metinlerinin okunmasinin problem ¢ézmede 6nemli bir unsur
oldugu belirtilmektedir. Sorunun anlagilmasindan sonra verilenler diizenlenir ve
sorunu ¢dzmek i¢in uygun bir strateji secilerek plan yapilir. Ardindan siireg, planin
uygulanmasiyla (islemlerin yapilmasiyla) devam eder. Ve son olarak, dordiincii
adimda, dogrulugunu saglamak i¢in ¢dziim kontrol edilir.

Bilgiyi yorumlama, metodik olarak planlama ve calisma, ¢oziimleri kontrol
etme ve alternatif stratejileri denemek gibi beceriler problem ¢ézmede gereklidir
(Muir, Beswick ve Williamson, 2008). Ayrica problem ¢dzmede bircok problem
¢cozme stratejileri var. Posamentier ve Krulik'in belirttigi gibi, tiim stratejileri
kullanmak ve bir sorunu ¢c6zmemek nadirdir. Ayrica, bir problemin ¢dziimiinde tek bir
stratejinin kullanilmasi da esit derecede nadirdir (1998). Fadlelmula (2010) etkili bir
problem ¢6zme stirecinin, problemin bilesenlerini tanimlamay1, hangi bilginin eksik
oldugunu anlama, problemin ¢6ziimii i¢in etkili bir strateji gelistirme, secilen stratejiyi
uygulama, alternatif bir stratejinin ne zaman ve nasil denenecegini bilmeyi ve alinan
sonuglarin ve alman kararlarin uygun olup olmadiginin degerlendirilmesi
gerektirdigini belirtmektedir. Martinez (1998), gelecege yonelik biligsel pasaport
olarak problem ¢6zme yetenegini diisiiniiyor. Baska bir deyisle, problem ¢6zme
yetenegine olan ihtiyag¢, yasamimizda, islerimizde, giinliik yasamimizda bile 6nemli
Olclide artmistir, ¢linkli yasadigimiz diinya giin gectikce daha karmasik hale
gelmektedir. Bu yiizden matematik egitiminin temel amaclarindan biri 6grencilerin

problem ¢dzme becerilerini gelistirmektir.

YONTEM

Bu caligmada aragtirma sorularim1 cevaplamak igin temel nitel arastirma

tasarimi kullanilmistir. Bu kapsamda 6grencilerden elde edilen yazili belgelerin icerik
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analizi yapilmistir. Ayrica, verileri tanimlamak i¢in tanimlayici istatistikler
kullanilmustir.
Katihmeilar

Calisma orneklemini Konya'da (Tiirkiye) 116 (29 besinci sinif 6grencisi, 29
altinc1 sinif 6grencisi, 25 yedinci sinif 6grencisi ve 33 sekizinci siif Ogrencisi)
olusturmaktadir. Ogrenciler Konya’da yastyorlar ve Konya'da bir devlet ortaokuluna
gidiyorlar. Ogrencilerin yas1 11 ile 13 arasinda degismektedir.

Ayrica, bu c¢alismada Ornekleme yontemi olarak uygun Ornekleme
kullanilmistir. Bu ¢alismada, aragtirmacinin okula ve dgrencilere asina olmasi ve okul
idaresinden gereken izinlere kolay erisilebilirligi nedeniyle uygun ornekleme
secilmistir. Arastirmacinin okula ve 68rencilere asina olmasi nedeniyle, aragtirmacinin
topladig1 veriler arastirmacinin daha dogru bir sekilde yorumlanmasiyla arastirmanin
giivenilirligini arttirmaktadir.

Veri Toplama Araclan

Her sminif diizeyinde, diisiinme bi¢imini ve problem ¢6zme sorularinda
kullanilan stratejileri ortaya c¢ikarmak i¢in farkli Problem Co6zme Basari testleri
kullanilmistir. Bu nedenle, farkli simnif seviyelerindeki 6grencilerden elde edilen
sonuclar karsilagtirllmamis ve bu Ogrencilerin basari puanlar1 arasindaki iligki
incelenmemistir. Test arastirmaci tarafindan gelistirilmistir. Katilimcilarin  sinif
seviyeleri matematik problemlerini secerken arastirmaci tarafindan goz Oniinde
bulunduruldu. Ayrica, problemler bugiine kadar 5., 6., 7. ve 8. simf 6grencilerinin
kapsadig1 matematik konular1 arasindan sec¢ildi. Daha 6nce de belirtildigi gibi, secilen
konular genellikle Kiimeler ve Tam Sayilar, Kesirler ve Ondalik Sayilar Islemini
kapsamaktadir. Her bir Problem Co6zme Basar1 Testi alti kelime problemi
icermektedir. Problem Cozme Basar1 Testlerindeki Problemler TIMSS, PISA ve
matematik ders kitaplarindan uyarlanmistir.

Veri Toplama Siireci

Baslangicta, okuldan, ODTU Etik Kurulundan ve diger resmi komitelerden
gerekli izinler alinmistir. Gerekli izinleri aldiktan sonra pilot calisma ve ana ¢alisma
yapilmistir. i1k olarak, pilot calisma 2016-2017 8gretim y1linin bahar donemi sonunda
bir hafta boyunca uygulanmistir. Pilot calisma yapildiktan sonra bes ders saati

Ogrencilere problem ¢ozme temelli bir kurs verildi ve elde edilen sonuglarin
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degerlendirilmesinden sonra gerekli diizeltmeler ve revizyonlar yapildi. Bu bes saatlik
probleme dayali Ogretimin asil amaci, O0g8rencilerin problem ¢6zme siireclerini
(Polya’nin dort asamasi) giiclendirmek ve problem ¢ozme stratejilerini gézden
gecirmek ve hatirlatmakti. Bu bes saatlik probleme dayali 6gretim i¢in, tiim smif
seviyeleri i¢in ders planlart hazirlandi. Veriler Konya'da bir devlet okulunun 5., 6., 7.
ve 8. sinif 6grencilerinden 2017-2018 akademik yilinin giiz doneminde toplanmustir.
Bu siirecte arastirmaci tarafindan 116 ilkogretim 6grencisine problem ¢6zme basari
testi kendi siniflarinda uygulanmastir.

Veri Analizi

Ogrencilerin problem ¢dzme basari testindeki problemlere verdigi cevaplar iki
adimda analiz edilmistir. Ik olarak, verileri tanimlamak icin tanimlayici istatistikler
kullanilmistir. Tanimlayici istatistik (ortalamalar, standart sapmalar), bagimsiz “sinif
seviyesi” degiskeni i¢in hesaplandi. Problem C6zme Basar1 Testleri, ilgili literatiir
taramasindan sonra arastirmaci ve iki matematik 6gretmeni tarafindan gelistirilen bir
degerlendirme listesi kullanilarak degerlendirildi. Bir 6grenci tamamen dogru bir
¢Oziim verdi ise, 3 puan verildi. Hesaplamada sadece kiiclik hatalarla neredeyse dogru
cevaplt ¢oziimlere 2 puan verildi. Sorunun bir bolimiinli ¢6zen cevaplara bir puan
verildi. Verilen cevaplarin tamamen yanlis oldugu ve ¢6ziim bulunmadigi durumlarda
sifir puan verildi.

Ayrica aragtirma sorularina cevap vermek i¢in temel nitel arastirma yontemi
kullanilmistir. Ogrencilerin problem ¢ézme siireclerinde problem ¢dzme adimlarini
kullanmalarint ve ogrencilerin problem c¢ozme stratejilerini kullanma egilimini
aragtirmak i¢in 6grencilerin ¢alisma sayfasi igerik analizi yapilarak ayrintili olarak
incelenmistir. Daha sonra icerik analizi i¢in her bir madde, her sinifin tiim seviyelerden
gelen tepkisi dikkate alinarak ve ortaokul 6grencilerinin bilissel siireglerini problem
¢6zme adimlarinin kullanimi agisindan belirlemek i¢in igerik analiz araci olarak bes
kategoriden olusan teorik ¢ergeve olusturulmustur.

Ik kategori problemi anlama adimmin incelendigi kategori “SUP”

kategorisidir ve bes alt kategori icermektedir.

> SUPI1: Ogrenci problemi kendi sozciikleriyle tekrar yazar ve maddede verilen
sOzlii bilgiyi anlamak i¢in problemde ne verildigini ve ne istendigini dogru bir

sekilde yazar.
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SUP2: Ogrenci, problem ifadesini kendi ciimleleriyle tekrar yazamaz ve
maddede sunulan sozlii bilgiyi anlayamaz, fakat problemde ne verildigini ve
ne istendigini yazar.

SUP3: Ogrenci, problemde ne istendigini belirleyemez fakat problemde ne
verildigini yazabilir.

SUP4: Ogrenci, maddede sunulan sozlii bilgiyi anlamadi. Ogrenci, neyin
verildigini ve neyin istendigini belirleme ve problem ifadesini kendi
sozclikleriyle tekrar yazmada basarisiz olmustur.

SUPS: Ogrenci problemi kendi sozciikleriyle yeniden yazar, fakat problemde

ne verildigini ve ne istendigini a¢ik¢a sdyleyemez.

Ikinci kategori plan yapma adiminin incelendigi “MPO” kategorisidir ve dért alt

kategori icermektedir.

» MPOI1: Ogrenci, istenenlere ulagsmak i¢in verilenleri diizenleyerek uygun
bir plan yapar ve sorunu ¢dzmek i¢in uygun bir strateji seger.

> MPO2: Ogrenci planini agik¢a belirtmiyor.

> MPO3: Ogrenci, ¢oziime ulasmak icin verilenleri organize edemez ve
iliskilendiremez.

> MPO4: Ogrenci ayrmtili bir plan yapamiyor - verilenler hakkinda bir

organizasyon yok, strateji kullanmiyor.

Ugiincii kategori plan1 uygulama adiminin incelendigi “IP” kategorisidir ve dort

alt kategoriden olugmaktadir.

>
>

IP1: Ogrenci problemi basariyla ¢ozer.

IP2: Ogrenci planin uygulanmasinda basarili ancak ¢dziim plan1 dogru ¢dziim
icin uygun degil.

IP3: Ogrenci, ¢dziim planim gergeklestiremez.

IP4: Ogrenci, problemi ¢dzmek icin gerekli bilgiyi sahip degil veya

hatirlayamiyor.

Dordiincii adim ise ¢oziimiin kontrolii adiminin incelendigi “CAS” kategorisidir.

Bu kategori bes alt kategoriden olusmaktadir.
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> CASI: Ogrenci, ¢oziimiiniin neden dogru oldugu konusunda bir aciklama
sunar.

> CAS2: Ogrenci sadece net bir agiklama yapmadan veya bir aciklama
yapmadan “eminim” seklinde belirtir.

> CAS3: Ogrencinin ¢dziimiiniin dogru olup olmadigina dair kontrolii yoktur.

» CAS4: Ogrenci, cevabmin dogru olup olmadigindan emin olmak icin farkl
stratejiler kullanarak sorunu ¢ozer.

> CASS5: Ogrenci, ¢dziim planmin uygulanmasinda yiiriittiigii ¢6ziimii yeniden

ifade eder.

Son kategori ise 6grencinin biitiin problem adimlarini ne derece kullandiginin

degerlendirildigi “PTA” kategorisidir ve iki alt kategori igermektedir.

> PTAI1: Ogrenci, bes siirecte basari ile ilerledigini gosterdi.
> PTA2: Ogrenci, bes islemden en az birini bagariyla ilerleyemedi.

Varsayimlar ve simirhhiklar

Calismada bazi sinirlamalar var. Bunlardan ilki analiz i¢in sadece yazili
kaynaklara sahip olmaktir. Arastirmada sadece yazili kaynaklar bulunabildiginden,
ogrencilerin ne diisiindiikleri ve problemleri ¢ozmek i¢in stratejileri nasil sectikleri ve
kullandiklar1 tam olarak anlasilmamistir ve tespit edilememistir. Ogrencilerin
yazdiklar1 ifadelerin bazilar1 belirsizdi ve bu nedenle 6grencilerin agiklamalarini
yorumlamak zordu. Ayrica, 6zellikle baz1 béliimlerde 6grenciler belirledikleri fikirleri
tam olarak ifade edemedirler.

Diger bir smirlama, uygulama siirecinin sinirli olmasidir. Ilk olarak,
ogrencilere stratejileri hatirlamasi ve 6grenmesi i¢in hazirlanan dersler yeterli degildi.
Bu nedenle 6grenciler problem ¢dzme stratejilerini tam olarak anlamadilar. Bes saatlik
problem ¢6zme dersindeki problemler ve problem ¢6zme basar1 testindeki bazi
problemler biiylik benzerlik gostermektedir. Bu, bu calismada elde edilen bulgular
kismen etkilemis olabilir. Ayrica, problem ¢dzme basar1 testinin uygulanmasi ¢ok

smirliyda.
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BULGULAR

Problem C6zme Basar1 Puanlarimn Tanimlayic: Istatistikleri
Tablo 1, her not seviyesi i¢in ortalama, standart sapma, minimum-maksimum
puanlar, basar1 puanlarinin ¢arpiklik ve kurtosis degerlerini ayr1 ayr1 6zetlemektedir.

Tablo 1 Problem ¢dzme basar1 testi puanina gore betimleyici istatistikler

51 Simf 6" Siif 7% Syt 8" Simif
N 29 29 25 33
Ortalama 40,66 38,83 35,84 40,30
Std. Sapma 6,96 11,59 13,29 11,77
Minimum 28 16 10 12
Maximum 54 54 54 54
Carpiklik -0,16 -0,62 -0,61 -0,57
Kurtosis -0,79 -0,83 -0,96 -0,36

Tablo 1'de verildigi gibi, problem ¢dzme basari testlerinden alinan her seviyesindeki
maksimum puanlar aynidir (en fazla = 54), ancak minimum puanlar sinif seviyesinden
simif seviyesine degismektedir. Bu nedenle, testten alinan minimum ve maksimum
puanlar arasindaki en biiylik fark, testten elde edilen minimum puan 10 oldugu igin 7.
smiflarda  goriilmistiir. 5. smif problem ¢6zme bagart puanina bakildiginda,
maksimum puan 54, minimum puan 28'dir, ortalama olarak 40.66 (SD = 6.96). 6. sin1f
problem ¢6zme basar1 puanina dayanarak maksimum puan 54, minimum puan 16,
ortalama 38.83 (SD = 11.59) seklindedir. 7. simif basar1 puanlar1 incelendiginde, en
yuksek puan 54, en diisilk puan 10 ve ortalamanin 35.84 (SD = 13.29) oldugu
goriilmektedir. 8. sinif basar1 notuna gelince, en yiiksek puan 54, en diislik puan 12,
ortalama 40.30'dur (SD = 11.77).
Temel Nitel Analiz: Ogrencilerin Problem Cézme Adimlarim ve Stratejileri
Kullanim
Besinci Simif Sonuglar:

Besinci smif dgrencileri, tiim problemlerde problem ifadesinin anlasiimasi
asamasinda basarili goriinmektedir. Ancak, kesirler probleminde uygun bir ¢oziim

plan1 olusturamadilar. Bunun temel nedeni, ogrencilerin kesirlerle ilgili kavram
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yanilgilar1 olabilir. Ayrica, besinci simif Ogrencileri sayilarla ilgili olan ikinci,
dordiincii ve besinci problemlerde zorlandiklari gériilmektedir. Ogrencilerin bu
problemlerdeki ¢ozlimleri incelendiginde, Ogrencilerin genel olarak problem
climlesinde  verilen  degerleri dogru  sekilde yorumlayamadiklart  ve
anlamlandiramadiklar1 gériilmiistiir. Ogrencilerin problem ¢dzmede stratejilerini
kullandigimizda, kayda deger sayida 6grenci aritmetik stratejiyi kullanirken, sadece 3
ogrenci kesirli problemlerde ¢izim stratejisi kullanmayi tercih etti.
Altinc1 Siif Sonuclari
Besinci simif 6grencilerinde oldugu gibi, altinct siif 6grencileri de tiim problemlerde
verilen ifadeyi anlama konusunda basaril1 goziikmektedir. Ancak, genellikle ondalik
gosterim problemlerinde ve kesir probleminde uygun bir ¢éziim plani yapmakta
giicliik gektiler. Ogrencilerin bu problemde ¢ogunlukla basarisiz olmasinin nedeni,
problemin hikayesinin uzun olmasi ve problemin birbiriyle baglantili bir¢ok islem
gerektirmesi olabilir. Ayrica, bu durum bircok Ogrencinin problem durumunu,
problemin hikayesini ve problem ifadesinde verilen degerleri anlamamasindan
kaynaklaniyor olabilir. Ogrencilerin matematiksel akil yiiriitme yeteneklerini
kullanamamalar1 basarisizligin bir baska nedeni olabilir. Ogrencilerin problem ¢6zme
stratejilerini kullandigimizda, bir¢ok 6grenci aritmetik stratejisini, sadece 3 dgrenci
kesirli problemlerde ¢izim yapma stratejisini tercih etti.
Yedinci Sinif Sonuc¢lar:
Yedinci simif 6grencileri, besinci ve altinct sinif 6grencileri gibi, tim problemlerin
¢Oziimiinde problemi anlama adiminda basarili goriinmektedir. Bununla birlikte,
yedinci smif 6grencilerinin basar1 orant 1, 2 ve 3 numarali problemlerde oldukca
diistiktiir. 11 6grenci ikinci problem i¢in uygun bir ¢éziim plani yapmis olsa da sadece
iki 6grenci ¢Oziim planint dogru sekilde uygulayabilmistir. 7. smif 6grencilerine
sorulan problem ciimleleri daha uzun ve problemler verilen degerleri anlamak i¢in
biraz daha dikkat gerektirmektedir. Diger taraftan, yedinci sinif &grencileri genel
olarak tahmin ve kontrol, geriye doniik ¢aligma stratejisi, ¢izim stratejisi ve cebirsel
strateji gibi diger problem ¢6zme stratejilerini daha basarili ve yaygin kullanmiglardir.
Sekizinci Simif Sonuglar:

Sekizinci sinif 6grencisi, besinci, altinc1 ve yedinci smif 6grencileri gibi, tim

problemlerin ¢6ziimiinde problemi anlamada zorluk ¢ekmedi. Ancak, sekizinci sinif
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ogrencileri ¢ogunlukla dordiincii problemi ¢ézmede basarisiz oldular. Bu problemi
¢ozmede basarisiz olan 6grencilerin problemi higbir sekilde anlamadiklar1 sonucuna
varilabilir. Yeterli konu bilgisine sahip olmadiklar1 i¢in degil, uzun problem
climlelerini anlayamadiklari i¢in problemi ¢dzemediler. Bu baglamda, 6grencilerin
metinleri ve kitaplari okumalar1 ve genellikle anlamalari i¢in tesvik edilmeleri gerekir;
boylece d6grencilerin anlama becerilerini ve kelimelerini gelistirebilirler ve kendilerine

verilen problem ifadesini anlamalarina yardimci olurlar (Raoano, 2016).

TARTISMA

Arastirmanin sonuglari, Ogrencilerin genel olarak her sinifta uygulanan
problem ¢ézme basar testlerinde basarili olduklarini ortaya koymustur. Ek olarak,
bazi kelime problemlerinde, 6grenciler genel olarak aritmetik stratejiyi kullanmay1
tercih etmelerine ragmen, farkli stratejiler kullanma yeteneklerini gostermislerdir.
Ayrica, genel olarak, farkli smif seviyelerindeki Ogrenciler problem ¢6zme
yeteneklerini basariyla kullanabileceklerini gdstermistir. Dolayisiyla bu, problem
¢ozme asamasinda tanimlanan problemlerin ¢6ziim planinin yapilmamasinda ¢ok
onemli bir faktor oldugu goziikmektedir. Benzer sekilde, arastirma bulgulari,
ogrencilerin en onemli eksikliginin, ¢éziimlerinde gergek diinya bilgi ve deneyimini
kullanamadiklarini gostermektedir. Bu nedenle, ger¢ek hayattaki kelime problemlerini
anlama ve ¢ozmede daha ¢ok zorluk cektiler. Problem ifadelerinin ortaya koyduklar
gercek yasam baglamlar1 ile problem ¢6ziimiinde gerceklestirdikleri islemler
arasindaki gergek iliskileri géz oniinde bulundurmamislardir. Cogu 6grenci gercek
hayat problemlerini anlamlandiramamakta ve matematiksel akil ytiriitme becerilerini
c¢ok 1y1 kullanamamaktadir.

Ogrencilerin yazili calismalarindan elde edilen sonuglar incelendiginde,
ogrencilerin ¢ogunun aritmetik stratejiyi kullandig1 ve farkl: stratejilere ¢ok az egilim
oldugu goriilmiistiir. Ancak, az da olsa bazi 6grencilerin her sinif diizeyinde farkl
problem ¢dzme stratejileri kullanmaya yatkin olduklar goriilmiistiir. Ornegin, besinci,
altinci, yedinci ve sekizinci sinif 6grencileri ¢gogunlukla her problem i¢in en az iki
farkli strateji  kullanabilmislerdir. Her sinif seviyesinden baz1 Ogrenciler,

problemlerden birinde dort farkli strateji bile kullandilar. Bu nedenle, 6grencilerin
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esnek diisiinceye sahip oldugu sdylenebilir. Ortaokul ogrencileri stratejileri
kavrayabilir ve benzer problemlerde kullanabilirler.
Uygulamalar ve Tavsiyeler

Ogrencilere, kelime problemlerini ve planlamay1 uygulayabilecekleri olanaklar
ve ortam saglamak olduk¢a dnemlidir. Problemlerin ¢6ziimii sirasinda, 6gretmenlerin
sadece cevaplara degil, ayn1 zamanda Ogrencilerin ¢oziim stratejileri siirecine de
odaklanmalar1 gerekir. Ayrica, 6gretmenlerin 6grencilere dogru cevaba ulagsma
konusundaki planlarin1 sormalar1 ve yazdiklar1 plan1 uygulayip uygulayamadiklarini
kontrol etmeleri gerekir. Bu sekilde 6grenciler problem ¢6zmek i¢in daha fazla firsata
sahip olduklarindan, daha esnek matematiksel diisiinme ve akil yiiriitme
gelistirebileceklerdir. Kelime problemi aktiviteleri sadece 6grencilere sinif i¢i ¢calisma
veya ev 0devi aktiviteleri olarak verilmemeli, ayn1 zamanda 6grencilere 6gretilmeleri
i¢in ihtiya¢ duyduklari ¢6ziime yonelik stratejiler de verilmelidir.

Sonug olarak, 6grencilerin problem ¢6zme becerileri kazanabilmesi ve bunlari
etkin bir sekilde kullanabilmesi i¢in problem sorularina problem ¢ézme stratejileri ile
birlikte agirlik verilmektedir. Ayrica, problem ¢6zme adimlar1 ve problem ¢ézme
stratejileri 6gretmenlerin problem ¢dzmeyi Ogretme gorevini kolaylastirmaktadir.
Ogrencilerin problem ¢dzme becerisi ve problem ¢dzme yaklagimi dgretmenin bilgi
diizeyine gore sekilleneceginden, 6grencilere problem ¢ézmeyi 6greten 6gretmenlerin

1yi desteklenmesi gerekmektedir.
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