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ABSTRACT

The main purpose of this research is to examine the problem solving processes of prospective
elementary mathematics teachers and to identify how the problem solving instruction affects
prospective teachers’ problem solving processes. It is also aimed to investigate the prospective
teachers’ opinions about problem solving process and problem solving instruction. This
qualitative study was conducted with the participation of 36 prospective elementary
mathematics teachers enrolled in an elective course entitled as Problem solving in 2016-2017
academic year. At the beginning and at the end of the semester, prospective mathematics
teachers were asked to pose and solve a problem. At the end of the problem solving course,
interviews were conducted with seven prospective mathematics teachers. Descriptive analysis
method was used for data analysis. The results of the research showed that before the problem
solving course, prospective mathematics teachers did not follow problem solving steps and
solved the problems they wrote by using equations. After the problem solving course, they have
begun to apply the problem solving steps and strategies explained to them during the lessons. It
was also determined that prospective teachers had positive opinions about problem solving
instruction. Similarly, prospective mathematics teachers stated that problem solving course has
enabled a lot of experience and valuable knowledge which would be useful to them in profession
of teaching and increased their success and self-confidence.

Keywords: Problem solving process, problem solving strategies, problem solving instruction,
prospective teacher.
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INTRODUCTION

The main purpose of the education is to teach people to think, to use their mental powers and to become
better problem solvers (Gagne, 1980). In this respect, skills such as guessing and problem solving gain
importance while the importance of calculating with paper and pencil is gradually decreasing in mathematics
education (TTKB, 2009). The problem is defined as "a situation that confronts a person, that requires
resolution, and for which the path to the solution is not immediately known" (Posamentier and Krulik, 1998: 1).
In the middle school mathematics curriculum, the problem is defined as "questions whose solution path is
previously unknown and solution is not immediately obvious" (TTKB, 2013). Problem solving is the process of
applying existing knowledge to new situations (Reys, Suydam, Lindquist and Smith, 1998; TTKB, 2013). Problem
solving is the most important learning outcome for life (Jonassen, 2000; Phye, 2001). The individual needs to
have appropriate problem solving skills to be able to overcome the problems that confront. Mathematical
problem solving is considered to be related to solving problems in everyday life (NCTM, 2000). From this point
of view, problem solving skill not only helps solve the problems in mathematics or other disciplines but also
help to make everyday life easier. While the middle school mathematics curriculum in Turkey emphasizes the
development of problem solving skills, it is also stated that developing these skills is one of the main objectives
of mathematics education (TTKB, 2013). Similarly, many mathematics educators argue that improving problem
solving skills is one of the main objectives of mathematics education (e.g., Posamentier and Krulik, 1998;

Schoenfeld, 1992).

Problem solving is a process. However, many teachers and students consider that it is important to reach just
the result by ignoring this process. For example, students have a tendency to obtain answer by applying
appropriate numerical operations to the problems they encounter (Altun and Arslan, 2006). Similarly,
Kayaaslan (2006) found that students believed that there was only one correct solution way to solve a problem.
Kayan and Cakiroglu (2008) determined that the prospective teachers believed that they should follow
predetermined routine steps in problem solving. Problem solving is a process that requires much more than
the application of a predetermined routine algorithm (Lester, 1994). Polya (1973) proposed a four-step
framework for solving mathematical problems. These steps are: (1) understanding the problem, (2) devising a
plan, (3) carrying out the plan, and (4) looking back. Middle school mathematics curriculum also suggests a
process including (1) understanding the problem, (2) planning the solution, (3) carrying out the plan, (4)
controlling the accuracy and validity of the solution and (5) generalizing the solution and posing similar/original
problem (TTKB, 2013). It also encompasses critical behaviors for this process. For example, some of the critical
behaviors involved in the process of problem solving are: determining what is given and what is asked for the
understanding phase; assessing the appropriateness of a strategy for the planning phase; executing the
operations and algorithms required by the strategy for carrying out the plan; evaluating different solutions of
the problem in controlling phase; and being able to create realistic problems that fit the information available
for the stage of generalization and similar / original problem posing. Some research studies showed that

problem solving instruction about problem solving process and behaviors was effective in increasing problem
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solving success (e.g., Altun, 1995; Arslan and Altun, 2007; Charles and Lester, 1984; Lee, 1982; Yildiz, 2008).
Problem solving instruction for the development of problem solving behaviors helps to improve problem
solving success, improve understanding of mathematical concepts, and develop self-confidence in mathematics
and positive attitudes towards mathematics (Baykul, 2014). In this context, in this study, to improve the
problem solving skills of the prospective teachers, problem solving instruction which includes the problem

solving steps was applied within the scope of problem solving course.

An important component of problem solving process is problem posing (English, 2003; Turhan and Glven,
2014). Therefore, problem posing has an active role in the problem solving process. Posing a problem involves
creating a new problem or reshaping the given problem (Silver, 1994). In the mathematics classrooms, problem
posing can be used as a purpose or a tool for teaching (Kilpatrick, 1987). According to Kilpatrick, problem
posing is an important part of mathematical thinking. Lin (2004) suggests that problem posing is a useful tool in
assessing student understanding. According to Crespo (2003), one of the features of effective mathematics
teaching is to pose mathematical tasks and problems. According to Gonzales (1998), problem posing is the fifth
and final step of problem solving. In addition, the middle school mathematics curriculum suggests a process
involving the problem posing in improving problem solving skills (TTKB, 2013). For these reasons, in the present
study, the problem posing was considered as the last phase of the problem solving process by adding to Polya’s

(1973) problem solving steps.

If our goal is to improve students' problem solving skills, we can only achieve this goal through teachers
(Thompson, 1989). The role of the teacher in the problem solving process should not be ignored and activities
to improve their skills and competencies should be organized. Teachers' knowledge and skills are important
factors affecting student achievement (Ball, Thames and Phelps, 2008; Franke and Kazemi, 2001). Dooren,
Veschaffel and Onghena (2003: 30) stated the importance of developing pre-service teachers’ problem solving
skills as
“Considering the indications in the literature of the impact of teachers’ subject-matter knowledge and
pedagogical content knowledge on pupils’ learning processes, we should encourage future primary and
secondary school teachers to master and appreciate algebraic as well as arithmetical problem solving
skills.”

For these reasons, focus of this study is on prospective teachers’ problem solving processes.

Learning mathematics involves thinking about mathematics and conceptualizing problem solving strategies as
well as acquiring basic concepts and skills, and realizing mathematics as an important tool in real life (TTKB,
2013). In fact, sometimes people do not realize that they use specific strategies while solving problems in
everyday life. For example, when searching for an address we often try to find a pattern amongst the house
numbers along a street (Posamentier and Krulik, 1998). Problem solving strategies can be defined as ways to
apply for solving the problem (Baykul, 2014). Posamentier and Krulik (1998) present a list of problem solving

strategies. The strategies are working backwards, finding a pattern, making a drawing (visual representation),
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organizing data, solving a simpler analogous problem, intelligent guessing and testing, logical reasoning,
considering extreme cases, adopting different point of view, and accounting for all possibilities. Similarly,
Baykul (2014) lists problem solving strategies namely, writing mathematical sentence, guessing and testing,
drawing shapes or diagrams, role-playing, using models, making a table, using structures, organizing a list,
working backwards, logical reasoning, simplifying, and criticizing given knowledge. Some research studies
reached the conclusion that teaching problem solving strategies enhanced problem solving skills (e.g., Arslan
and Altun, 2007; Charles and Lester, 1984; Caliskan, 2007; Lee, 1982; Schoenfeld, 1979). However, the teaching
of problem solving strategies is an important requirement that can improve not only our point of view on
mathematical problems, but also our point of view on everyday life problems (Posamentier and Krulik, 1998).
In mathematics lessons, it is important to give students opportunities to build problem solving and reasoning
skills as well as to build procedural and conceptual knowledge. In this regard PISA (The programme for
International Student Assessment) and TIMSS (Trends in International Mathematics and Science Study) are
important projects to aim at measuring students’ mathematical problem solving skills and interpreting and
application skills of mathematical knowledge (Toptas and Goézel, 2017). The results of international
examinations such as PISA and TIMSS (MEB, 2016a, 2016b) and some research studies (e.g., Soylu and Soylu,
2006) show that students’ problem solving success are not at the desired level. According to Charles and Lester
(1982), problem solving success of students is affected by cognitive, affective and experience factors. These
factors are:

1) Cognitive factors, such as analytical thinking skills, reasoning skills, computational skills, memory

2) Affective factors, such as interest in problem solving or problem situations, motivation, willingness to

solve problems, self-confidence, stress, anxiety, uncertainty, patience

3) Experience factors, such as age, content knowledge, knowing problem solving strategies.
Aydogdu and Ayaz (2008) determined that the majority of students who stated that they experienced difficulty
in solving the problem believed that their difficulties resulted from challenges in understanding or in thinking in
detail to solve the problem. In addition, they stated that most of the students who had difficulties in problem
solving experienced difficulties due to lack of prior learning. The general characteristics of the students who
gained problem solving skills and who had positive attitudes towards problem solving were determined as
having patience, high self-confidence and comprehensive understanding of the problem, and being able to use
the problem solving steps very well. In addition, students need opportunities to practice with problem solving
strategies (Herr and Johnson, 1994). “In fact, it is often the teachers themselves who are not aware of the
many problem-solving strategies that can be used to provide efficient and elegant solutions to many problems”
(Posamentier and Krulik, 1998: xv). It is therefore necessary to develop problem solving instruction enhancing
awareness of these strategies for prospective teachers. For this purpose, in this study, problem solving
instruction which includes problem solving strategies was applied to improve problem solving skills of

prospective teachers.

In the literature, there are many studies on mathematical problem solving. For example; there are many

studies on problem posing skills of students, teachers or prospective teachers (e.g., Isik and Kar, 2012; Kilig,
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2013, 2014; Korkmaz and Gir, 2006; Tertemiz and Sulak, 2013; Toluk-Ugar, 2009; Turhan and Glven, 2014).
Similarly, some studies examined the effects of different problem solving approaches on various variables such
as attitude, achievement or problem solving performance (e.g., Arslan, 2002; Ay and Bulut, 2014; Cankoy and
Darbaz, 2010; Harskamp and Suhre, 2007; Higgins, 1997; Posluoglu, 2002). There are different studies on
prospective teachers’ problem solving process in the literature. For example, Demircioglu, Argiin and Bulut
(2010) investigated the relationship between metacognitive behaviors in problem solving process and
academic achievement of prospective secondary mathematics teachers. Dede (2004) investigated the
strategies that the prospective teachers used while writing algebraic word problems in the form of equation.
Dede and Yaman (2005) in their studies aimed to determine prospective mathematics teachers’ problem
solving and problem posing skills found that prospective teachers were able to solve problems but did not pose
new problems from given situations. It can be said that most of the studies in the literature on the effects of
different problem solving approaches was conducted with elementary school or middle school students (e.g.,
Higgins, 1997; Yazgan, 2007). However, there are few studies with prospective teachers (e.g., Ay and Bulut,

2014; Cankoy and Darbaz, 2010).

The main purpose of this study is to identify the problem solving processes of prospective elementary
mathematics teachers and to determine how the problem solving instruction affects their problem solving
processes. The other aim is to determine the opinions of prospective teachers about the problem solving

process and problem solving course. Accordingly, the research problems are:

1. Which processes are involved in prospective elementary mathematics teachers' problem solving
before the problem solving course?
1.1. What are the steps that prospective mathematics teachers follow to solve problems before the
problem solving course?
1.2. What are the problem solving strategies that prospective mathematics teachers use to solve
problems before the problem solving course?
2. Which processes are involved in prospective elementary mathematics teachers' problem solving after
the problem solving course?
2.1. What are the steps that prospective mathematics teachers follow to solve problems after the
problem solving course?
2.2. What are the problem solving strategies that prospective mathematics teachers use to solve
problems after the problem solving course?
3. What are the opinions of prospective elementary mathematics teachers regarding problem solving
course?
As Burkhardt (1988, as cited in Schoenfeld, 1992) notes, teaching problem solving is harder for the teacher in
these ways: mathematically, pedagogically, personally. It is therefore important to examine problem solving
processes and approaches of prospective teachers and to develop courses for improving their problem solving

processes. In this research, prospective teachers' approaches to the problem solving process and their views on
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problem solving instruction were examined and suggestions were made in the direction of the results. It is
thought that the results of this study will contribute to the problem solving literature by revealing the problem
solving processes of the prospective mathematics teachers and contributions of problem solving instruction to

their problem solving processes.
METHOD

In this section, information about research design will be given first. Then, participants in the study and
procedure will be introduced. Finally, it will be mentioned about the data collection tool and data analysis

procedure.
Research Design

This is a qualitative study aiming to reveal the steps and strategies that prospective elementary mathematics
teachers use to solve problems and to determine the contribution of problem solving instruction to their
problem solving processes by interviewing and analyzing written data. In order to investigate the problem
solving processes of the prospective teachers and the contributions of the problem solving instruction, at the
beginning and at the end of the semester, the prospective teachers were asked to pose and solve a problem.
After the problem solving course, interviews were conducted with seven volunteer prospective teachers, since
it is a highly effective method of obtaining information about the experiences and perceptions of individuals

(Briggs, 1986). In the study, "interview form approach" (Patton, 1987) was used to obtain in-depth information.
Participants

In the fall semester of 2016-2017 academic year, 36 prospective elementary mathematics teachers (31 females
and 5 males) enrolled in the elective course entitled as problem solving participated in this study. This research
was carried out within the scope of problem solving elective course in Elementary Mathematics Teacher
Education Department of Education Faculty of a state university in Central Anatolia Region. The prospective
teachers participating in the research were between the ages of 20-22, 86% of whom were female and 14% of
whom were male. 58% of the participants had the weighted grade point averages (GPA) between 2.50 and 3.00
and 39% of them had GPA between 3.01-3.60. Participants included one prospective teacher with a GPA below
2.50. Participants stated that they have never received any training in problem solving processes and
strategies. After the problem solving course, individual interviews was conducted with seven volunteers, 4

females and 3 males.
Procedure

This research was carried out within the scope of an elective course entitled problem solving in Elementary
Mathematics Teacher Education Department of Education Faculty of a state university in Central Anatolia

Region. In order to investigate the problem solving processes of the prospective teachers and the effect of the
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problem solving instruction on problem solving process, in the first week of the problem solving course lasting
14 weeks (total 28 hours) and after this course, the prospective teachers were asked to pose and solve a
problem. During the problem solving course, prospective mathematics teachers were informed about problem
definition, problem solving steps, problem solving strategies, application of problem solving strategies in daily
life and assessment techniques for students’ progress in problem solving (e.g. self-assessment, holistic
techniques etc.). During the first week of the course, prospective teachers were informed about problem
definition, differences between problem and exercise, and problem solving steps. During the lessons,
participants have learned the problem solving strategies, their application in daily life, the way to be followed
in the use of the strategy, and their application in problems. After this teaching, various problems were
presented and discussions were made about problem solving steps and the use of the strategy in the solution
process. During the problem solving lessons, the problem solving steps were discussed with the whole class
after the individual study and all the different solution strategies offered by the prospective teachers for each
problem were shared with the whole class. After the strategy teaching was completed, prospective teachers
encountered with different problems that could be solved with more than one strategy to provide

opportunities to apply what they have learned.

The problem solving course covered working backwards, finding a pattern, making a drawing (visual
representation), making a systematic list, solving a simpler analogous problem, intelligent guessing and testing,
and logical reasoning strategies (Baykul, 2014; Posamentier and Krulik, 1998). In the problem solving process,
Polya’s (1973) problem solving steps was applied by adding the "problem posing" step. Posing a problem can
involve both generation of new problems and reformulation of given problems (Silver, 1994). In the present
study, during the problem posing step, the prospective teachers was asked to write a problem without
changing the context of the given problem completely. A similar process is suggested in middle school
mathematics curriculum as (1) understanding the problem, (2) planning the solution, (3) carrying out the plan,
(4) controlling the accuracy and validity of the solution and (5) generalizing the solution and posing

similar/original problem (TTKB, 2013).
Data Collection Tool

In order to investigate the problem solving processes of the prospective teachers and the effect of the problem
solving instruction, in the first week of the problem solving course and after the course was completed, they

were asked to pose and solve a problem.

After the course was completed, individual interviews were conducted with seven volunteer prospective
teachers. During the interviews, an interview form consisting of eight open-ended questions was used to reveal
the opinions of prospective teachers about the problem solving process and instruction. The interview form
was developed in line with the research questions and the information found in the literature. The questions
on the interview form was prepared to determine prospective teachers' opinions on problem solving steps,
problem solving strategies and problem solving instruction. Firstly, questions related to problem solving steps,
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problem solving strategies and problem solving instruction were written. Then, recommendations of two
experts were taken into consideration and the final interview questions were formed. Then, the pilot study was
conducted with two prospective teachers and the final interview form was developed. The interviews were

conducted by the researcher and audiotaped with the permissions of the participants.
Data Analysis

In the current study, the data were analyzed with the help of thematic analysis. In such analysis, the data can
be presented through the themes set out by the research questions or through the questions / dimensions

used in the interview and observation processes (Yildirim and Simsek, 2006).

Written data including problems and their solutions obtained at the beginning and end of the problem solving
course were used to determine the prospective mathematics teachers’ problem solving processes. While the
problem solving process was determined, it was investigated whether prospective teachers solved the problem
directly or followed the problem solving steps namely, understanding the problem, devising a plan, carrying out
the plan, checking/looking back and posing a new problem. During the step of understanding the problem, the
student can state the problem in his/her own words, write the problem in summary, determine what is given
and what is asked, draw the appropriate drawings. In devising a plan step, it should be decided which strategy
will be used to solve the problem and how the strategy will be implemented in the solution. It may be
necessary more than one strategy to solve some problems. It would be appropriate to specify these strategies
at devising a plan step. Checking can be done in different ways at checking/looking back step. For example,
sometimes the problem can be resolved with a different strategy; sometimes the person can try to reach what
is given by working backwards from the result; or the logical consistency of the problem can be controlled
(Baykul, 2014). Similarly, it can be checked each step during the problem solving process. This information was
used as a criterion for assessing the solutions of the prospective teachers in terms of problem solving process.
In addition, the data were also reported as percentages and frequencies. The data obtained from the
interviews at the end of the problem solving instruction were used to determine the opinions of prospective

teachers about the problem solving process and instruction.

In data analysis, written solutions of prospective teachers were analyzed under the themes, problem solving
steps and problem solving strategies. Interviews were examined under the themes namely, opinions about
problem solving steps, problem solving strategies, and problem solving instruction. Direct quotes were included
in presentation of findings and abbreviations were used such as PT1, PT2 to indicate prospective teachers. To
ensure reliability in data analysis, the same data set was examined separately by two experts. The issues of
consensus and divergence within the scope of the themes and sub-themes were discussed; it was decided that
the data should be presented under the themes of "problem solving process" and "opinions about problem
solving instruction". The agreement rate was calculated as 0.93 using the reliability formula proposed by Miles
and Huberman (1994). The result shows that there is a high rate of agreement between two experts and that
the analysis is reliable.
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RESULTS

As a result of the analysis of the data, the findings were examined under the themes namely problem solving
process and opinions about problem solving instruction. The theme of problem solving process was composed
of sub-themes: problem solving steps and problem solving strategies. Percentages and frequencies of

developmental findings are summarized in Table 1.

Table 1. Developmental Findings Before and After Problem Solving Instruction

Before the instruction After the instruction

Problem Solving Steps f % f %
Direct Solution 34 94,4 0 0
Understanding the problem 2 5,6 36 100
Making a plan 0 0 36 100
Carrying out the plan 0 0 36 100
Looking back 0 0 34 94,4
Posing a new problem 0 0 30 83,3
Following all steps 0 0 30 83,3
Problem Solving Strategies

Making a systematic list 0 0 11 30,6
Working backwards 0 0 7 19,4
Finding a pattern 0 0 5 13,9
Making a drawing 0 0 5 13,9
Logical reasoning 0 0 3 8,3
Intelligent guessing and testing 0 0 3 8,3
Solving a simpler analogous problem 0 0 1 2,8
Forming and solving equations 32 88,9 0 0
Calculations with four operations 4 11,1 1 2,8

Problem Solving Process

In this part, findings about problem solving steps and problem solving strategies will be presented under the

main theme of problem solving process.

Problem Solving Steps

According to the results of the study, before the problem solving course, prospective mathematics teachers did
not follow problem solving steps and solved the problems they wrote directly without following a clear
problem solving process. Only two prospective teachers (5.56%) were made explanations for the understanding
of the problem. At the end of the problem solving instruction, while solving the problem, 30 prospective
teachers (83.33%) made explanations about problem solving steps: understanding of the problem, devising a
plan, carrying out the plan, looking back/checking and writing a new problem. Four prospective teachers
(11,11%) did not follow only a new problem posing step but two prospective teachers (5,56%) did not follow
both looking back and posing a new problem steps. Findings indicated that prospective mathematics teachers
did not follow problem solving steps before the problem solving course. However, at the end of the problem

solving course, it was determined that the majority of the prospective teachers followed the problem solving
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steps namely understanding the problem, devising a plan, carrying out the plan, looking back and writing a new
problem. Moreover, interviews revealed that prospective teachers thought that it was useful and necessary to

follow these steps in problem solving process.

In the interviews, the prospective teachers stated that when they encountered a problem, they firstly tried to
understand the problem, thought about whether they had encountered a similar problem before, and thought
about the solution way. Five prospective teachers stated that in the problem solving process after reading the
problem they firstly tried to understand. One prospective teacher stated that she firstly thought whether she
had encountered such a problem before; and one prospective teacher said that she firstly thought how she

could solve it.

All of the prospective teachers participating in the interviews stated that it was important to follow the
problem solving steps during the problem solving process. Below some examples are given of the opinions of

prospective teachers on understanding the problem step.

Firstly, understanding the problem is very important in the problem solving process. A good start

is half the work. Similarly, understanding of the problem is as important as solving it. (PT2)

Firstly, | think understanding is important. If we do not understand the problem, the other steps
lose their importance. If you do not understand the problem, the plan you implement will
probably be wrong. So, understanding the problem is the most important thing while solving a

problem. (PT5)

Prospective teachers stated that understanding the concepts in the problem was also important, and that the
conceptual confusion could negatively affect the problem solving process. Some examples of the opinions of

prospective teachers on the concepts in the problem are as follows:

Concepts are important in terms of understanding and understanding is important in terms of
solving the problem because the difficulties with the concepts prevent the understanding and

also the other steps. (PT1)

Concepts in the problem and understanding these concepts are important in problem solving
process. We can’t perceive the problem as a problem if we are not familiar with concepts in the

problem. So | think students should be familiar with the concepts in the problem (PT7).

In addition, the prospective teachers stated that in addition to understanding steps, the other problem solving
steps namely devising a plan, carrying out the plan, looking back and posing a new problem were also
important, and that these steps should be followed during the problem solving process. Below some examples

are given of prospective teachers' opinions on problem solving steps.
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Understanding is very important. If there is a problem in understanding, even if the correct
answer is obtained, it does not mean that it solved correctly. The second step is also very
important. In fact, every step we have learned about the problem solving process is important.

(PT7)
| realized that | had not checked the solution until now. It could be controlled by strategies. (OA5)

Prospective teachers stated that they had difficulties in the first week of problem solving course in a new
problem posing step which is the last stage of problem solving but they were satisfied with having experienced
this process. Below some examples are given of the opinions of prospective teachers on the problem posing

step.

Posing a new problem was initially challenging. Over time, we started to make sense. We could

not do it at first. It’s good that we have learned to write a new problem. (PT6)

Posing a new problem help me look at the problem from a different perspective. | have learned

to look at the problems in the eyes of others to pose a new problem. (PT1)

The interviews with the prospective teachers revealed that the problem posing activities affected the thinking
of the prospective teachers, contributed to their professional knowledge of teaching and helped to develop

different perspectives for the problems and to look at the problems in the eyes of others.
Problem Solving Strategies

The results of the study showed that before the problem solving instruction, 32 prospective teachers (88.89%)
solved the problems they wrote by solving the equations or wrote the questions directly asking the solution of
the equations. Only four prospective teachers (11.11%) solved the problems they wrote using calculations

based on four operations without forming equations.

According to the results of the study, after the problem solving instruction the majority of the prospective
teachers solved the problems they wrote by using at least two different strategies. Strategies used by
prospective teachers in solving the problems were making a systematic list (30.6%), working backwards
(19.4%), finding a pattern (13.9%), making a drawing (13.9%), logical reasoning (8.3%), intelligent guessing and
testing (8.3%) and solving simpler analogous problem (2.8%). One prospective teacher solved her problem by
using calculations based on four operations. Prospective teachers solved the problem again with different
strategy at the looking back step. It was also determined that nine prospective teachers used the equations

while checking the solution.
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According to the results of the interviews, prospective teachers identified the problem solving strategy as the
way to solve the problem. Below some examples are given of prospective teachers' opinions on problem

solving strategies.

Problem solving strategy is the path we follow in problem solving. If there is a way we can follow,
we can move forward with more clear steps. For this reason, the problem solving strategy is also
a guide... | use mostly intelligent guessing and testing and logical reasoning strategies. | think
making a systematic list is like a waste of time. | used to solve the problems mostly with
equations before the problem solving course... Although some of the problems can be solved
with some strategies very easily, | do not prefer using them. Thinking the path you know best as
the shortest path, | prefer to use the strategy that | feel closest to myself. We do not have to use
only one strategy in a problem; we can use different strategies to check the solution. After the
problem solving course, | have realized that | could solve the problems by logical reasoning and
intelligent guessing and testing strategies, while | used to solve them only with algebraic

expressions. (PT7)

| think the problem solving strategy is to think about how to solve a problem. It is a way, a
method, to think about which ways to follow when solving a problem... | usually use the logical
reasoning strategy. This is what we usually do when we have problems in daily life. | also use
finding a pattern and working backwards strategies... | decide which strategy to use according to

the structure of the problem. (PT1)

As a result of the interviews, most frequently used strategies by prospective mathematics teachers were
determined as logical reasoning, finding a pattern, working backwards, solving a simpler analogous problem,
making a drawing, intelligent guessing and testing and making a systematic list strategies. In addition, it was
determined that it was effective in determining the strategy for solving a problem: (1) what is given and what is
asked in the problem, (2) the structure of the problem, (3) the knowledge about the problem solving strategy

and (4) ability to apply the strategy.

In this section, the problem solving processes of the prospective teachers will be examined with direct quotes
from the written data. Below some examples are given of the problems and solutions that prospective teachers

wrote before problem solving instruction.
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Figure 1. The Problem Written by PT8 Before Problem Solving Course

Before the problem solving instruction, PT8 wrote an equation as a problem, and solved it. PT8 made solution

of the problem directly without following problem solving steps.

Figure 2. The Problem Written by PT6 Before Problem Solving Instruction

PT6 wrote an age problem and solved the problem by writing and solving an equation without following

problem solving steps.

Figure 3. The Problem Written by PT25 Before Problem Solving Instruction

PT25 solved his problem by writing and solving an equation without following problem solving steps.

Figure 4. The Problem Written by PT20 Before Problem Solving Instruction
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PT20 wrote a problem similar to PT25 and preferred to find the solution by writing and solving an equation

without following problem solving steps.

As can be seen from the examples presented, the prospective teachers mostly wrote word problems requiring
four operations and they solved the problems directly without following any problem solving step. They also

solved the problems by writing and solving equations. Only two prospective teachers gave explanations for

understanding the problem. The problems and solutions of these prospective teachers are presented below.

Figure 5. The Problem Written by PT2 before the Problem Solving Instruction

PT2 gave explanations about the understanding the problem while solving the problem they wrote before the
problem solving course. Firstly, PT2 determined what is given and what is asked for the understanding the
problem. Then, unlike most of the prospective teachers, PT2 solved the problem using calculations based on

four operations without writing and solving equations.

Figure 6. The Problem Written by PT29 Before Problem Solving Instruction

PT29 stated the problem in her own words and then solved the problem. He preferred writing and solving an

equation to solve the problem.
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Before the problem solving instruction, forming and solving equations were frequently used to solve problems.
However, after the problem solving instruction, prospective teachers have realized that problem solving is a
process. They also encountered the steps they needed to follow. As a result, they wrote problems that were
appropriate for this process. The problem and solution of the problem written by PT13 at the end of the

problem solving course are presented below step by step.

Figure 7. Understanding the Problem and Devising a Plan Steps of Problem Solving Process of PT13 After the

Problem Solving Instruction

The problem written by PT13: How many four digit numbers can be formed using digits 3, 4, 5, and 6, without

repeating any digit?

PT13 solved the problem she wrote after the problem solving instruction by following the problem solving
steps. In the step of understanding the problem, PT13 restated the problem in her own words. Then, she stated
that she would use making a systematic list strategy. It also explained how to use the strategy in devising a plan
step. In the process of understanding the problem, the student can state the problem with his / her own words,
write the problem in summary, determine what is given and what is asked, and draw the appropriate drawings.
Results of the study indicated that these critical behaviors were observed in the understanding the problem
step in prospective teachers’ problem solving processes after the problem solving instruction. In the process of
understanding the problem, the prospective teachers mostly determined what is given and what is asked. In
the problem solving process, the next step is devising a plan. In this step, it should be decided which strategy
will be used to solve the problem and how the strategy will be implemented in the solution. It may be
necessary to use more than one strategy to solve some problems. It would be appropriate to specify these
strategies at planning process. According to results of the study, after the problem solving instruction, all

prospective teachers explained the name of strategy and how to use this strategy in devising a plan step.
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Figure 8. Carrying Out the Plan Step Applied by PT13

Carrying out the plan depends on the problem and the strategy. In this step, the prospective teachers applied
the strategy and solved the problem. As seen in Figure 8, PT13 applied the plan by making a systematic list and

listed all the situations with digits 3, 4, 5 and 6 in the thousands, respectively.

Figure 9. Checking/Looking Back and Posing a New Problem Steps Applied by PT13

After carrying out the plan, the solution should be checked. In the checking/looking back step, the check can be
done in different ways. For example, sometimes the problem can be resolved with a different strategy;
sometimes the person can try to reach what is given by working backwards from the result; or the logical
consistency of the problem can be controlled (Baykul, 2014). Similarly, it can be checked each step during the
problem solving process. PT13 checked the solution using permutation. Posing a new problem step requires
writing a new problem without changing the context of the given problem completely. In Figure 9, the problem

written by PT13 in posing a new problem step is presented.

According to the results of the study, the prospective mathematics teachers did not follow any problem solving
process before the problem solving course; at the end of the problem solving course, it was determined that
the majority of the prospective teachers followed the steps, understanding the problem, devising a plan,
carrying out the plan, checking/looking back and posing a new problem. Findings also showed that the majority

of the prospective elementary mathematics teachers wrote word problems including four arithmetic

975 Topbas-Tat, E. (2018). Problem Solving Instruction: Prospective Mathematics Teachers’ Opinions
and Problem Solving Processes, International Journal Of Eurasia Social Sciences, Vol: 9, Issue: 32,
pp. (960-990).



” 0 E SS Year: 9, Vol:9, Issue: 32 JUNE 2018

operations before the problem solving course and solved their problems by writing and solving equations.
However, after the problem solving course, they wrote different problems that could be solved with at least

two strategies and they solved their problems by using at least two different strategies.
Opinions about Problem Solving Instruction

The prospective teachers stated that problem solving course made them a great contribution and increased
their success and self-confidence. Similarly, they stated that they obtained a lot of experience and valuable
knowledge which would be useful to them in profession of teaching. Examples of prospective teachers'

opinions about problem solving instruction are presented below.

| think that the problem solving course has changed the way of my thinking. We have learned not
to solve a problem without understanding. | have learned to think more logically, to understand
the problem and to follow the steps. Thanks to problem solving steps we have learned how to
solve the problem and how to teach it to students. | think this course has contributed both
learning and teaching of problem solving. | have learned to think of a problem from different
perspectives. | have learned from what perspective | would look at the problems. | have learned
how to approach students’ learning. For example, | have learned that working backwards strategy
was an effective strategy for students in concrete operational stage or students with difficulty in

understanding algebraic expressions. (PT1)

My thinking structure was influenced. Our brains develop better when we use different strategies
and we learn to look at different perspectives. So, | think this course is important... The course
also was enjoyable for me. | normally looked straight at most things, but my perspective has
changed with this course. | saw that there could be more than one solution to a problem and that

different ways (strategies) could be used. It was a good course. (PT2)

Now, you understand the problems better. If you cannot solve the problem, you realize that you
do not understand it. It is very useful to follow the (problem solving) process... | will teach my

students by this way. They will understand better if | use the steps and strategies. (PT5)

The course was enjoyable. Now, it is more important what we think and how a process to follow
than answer of the problem. | will pay attention to this in my students... In the first lessons
everyone was saying the answers of the problems. Now | think that the answer of the problem

can be found anyway. For this reason, | should think how to progress. (PT6)

According to interview results, the prospective teachers thought that the problem solving course was
enjoyable. The problem solving course has changed the prospective teachers’ way of thinking. They
started to give more importance to understanding the problem and to pay attention to problem solving

steps. They also expressed satisfaction with learning different problem solving strategies. The results can

976 Topbas-Tat, E. (2018). Problem Solving Instruction: Prospective Mathematics Teachers’ Opinions
and Problem Solving Processes, International Journal Of Eurasia Social Sciences, Vol: 9, Issue: 32,
pp. (960-990).



” 0 E SS Year: 9, Vol:9, Issue: 32 JUNE 2018

be related to the experiences gained in problem solving course by the prospective teachers who have
learned the problem solving steps and strategies and found opportunities to apply them to different

problems.

This course influenced my way of thinking... It is useful. | did not know that the problems could be
solved with strategies. We usually used the letter "x" to signify the unknown. After the problem
solving course, | have learned the strategies and it is very nice. Similarly, | did not know that the
problems could be solved step by step. This is a very nice thing; you realize why and how you

solve the problem. (PT3)

With the problem solving course, we realized that there was not only one correct solution way of
a problem and that there were different ways to solve it. We usually used to solve problems
without understanding the problem step, but now understanding the problem step has a
permanent place in our minds. Now we try to understand and write what is given and what is
asked. | have realized that: There is not a single solution to every problem; every problem has a
solution; understanding is very important. Using different strategies is very important. We
encountered different problems and learned to use different strategies. We have solved
problems in only one way so far, but by learning other strategies we have learned that there

were easier and more plausible solutions. This course was very effective. (PT4)

According to interview results, the prospective teachers stated that problem solving instruction was a useful
instruction that influenced their thinking processes. They also stated that they have gained different, easy and
plausible perspectives and realized the importance of understanding. It is thought that learning about different
strategies in the problem solving course made it possible for the prospective teachers to realize that there were
easy and reasonable problem solving strategies besides equations for solving the problem and increased the

use of these strategies.

My way of thinking was affected very much. Now | know better what I'm doing... Now | can better
analyze in what stage students make a mistake... | used to solve the question before, to read the
guestion again; | used to check arithmetic operations and to control the same process again and
again but now | do not have any difficulty because | follow the steps to solve problems. Certainly |
have improved (in problem solving) and it gives confidence to me. You do not look at it from a
single perspective and you can look at it from many perspectives. This has been a valuable

experience for me and for my friends as well... (PT7)

According to interview results, prospective teachers stated that the problem solving instruction affected their
way of thinking, raised awareness about their own problem solving processes and students’ mistakes in solving

problems, and increased their self-confidence. It is believed that the experience gained in problem solving
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instruction has increased prospective teachers’ self-confidence by enabling them to analyze the problem

solving process better.
DISCUSSION AND CONCLUSION

In this study, problem solving processes of prospective elementary mathematics teachers and how problem
solving course affected their problem solving processes were examined. The opinions of the prospective

mathematics teachers about the problem solving process and instruction were also determined.

The results of the research showed that before the problem solving course, the prospective teachers did not
follow the problem solving process and had a limited knowledge about the problem solving process. Similarly,
Labuda (2004) determined that teachers' knowledge about the problem solving process was very limited. In the
present study, after the problem solving course, the prospective teachers have started to apply the problem
solving steps explained to them. At the end of the study, it was determined that the majority of the prospective
teachers followed the steps, understanding the problem, devising a plan, carrying out the plan,
checking/looking back and posing a new problem. The results of the interviews supported these results and
revealed that prospective teachers thought that it was useful and necessary to follow these steps in problem
solving process. In addition, the results of the interviews indicated that the prospective teachers have realized
the importance of understanding the problem after the problem solving instruction. The fact that many
educators express understanding the problem as one of the main factors that affect problem solving makes the
present finding meaningful (e.g., Cai, 2003; Jitendra, Griffin, Buchman and Sczesniak, 2007; Polya, 1973; Xin,
2007). Developing awareness of the importance of understanding can be considered as a positive contribution
of problem solving instruction to prospective elementary mathematics teachers’ problem solving process.
Prospective teachers who realized the importance of understanding are expected to plan activities to help
students build this awareness. The interview results also supported this thought. Prospective teachers stated
that they would apply their knowledge obtaining during the problem solving instruction in profession of

teaching.

The results of the study showed that the majority of the prospective elementary mathematics teachers wrote
word problems including four arithmetic operations before the problem solving course and solved the
problems they wrote by setting an equation. This result is consistent with the results of some other studies on
problem posing and problem solving. For example, Korkmaz and Gir (2006) determined that prospective
teachers mostly used word problems including four arithmetic operations when posing problems. In addition,
Bayrakdar, Deniz, Akgiin and isleyen (2011) determined that prospective teachers’ use of problem solving
strategies was not at an adequate level but they could only use them adequately in situations where they need
to find a formula, operation or pattern. In the current research, after the problem solving course, prospective
teachers wrote problems that could be solved with at least two different strategies and solved them by using at
least two different strategies. It is believed that the necessity of presenting problems enabling multiple
solutions and different mathematical knowledge as a way of establishing a relationship among the information
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to be used in the problem solving process (Leikin, 2007) makes this finding meaningful. Problem solving
strategies used by prospective teachers in problem solving process were making a systematic list, working
backwards, finding a pattern, making a drawing, logical reasoning, intelligent guessing and testing, and solving
simpler analogous problem. The interviews with the prospective teachers supported these findings.
Prospective teachers stated that they usually used to solve the problems with equations before the problem
solving course but after the problem solving course they preferred to use different problem solving strategies
since they have learned various problem solving strategies during the problem solving instruction. This result
can be interpreted as prospective teachers tend to learn strategies and to apply what they learn. The finding
related to strategy teaching and use in the present study is consistent with the results of some studies on
problem solving. For example, Altun and Arslan (2006) reached the conclusion that after the 10-week strategy
training for 7th and 8th grade students, problem solving strategies was substantially learned and used for
problem solving. In addition, many research findings showed that teaching problem solving strategies was
effective in improving problem solving ability (e.g., Arslan and Altun, 2007; Charles and Lester, 1984; Caliskan,
2007; Lee, 1982; Schoenfeld, 1979). Therefore, it can be said that activities to teach problem solving strategies

will contribute to the use of problem solving strategies in problem solving process.

Prospective teachers stated that they had difficulties in the first week of problem solving course in a new
problem posing step which was the last stage of problem solving but they were satisfied with having
experienced this process. Prospective teachers’ difficulties in posing problems can result from having no
experience of problem posing (Rizvi, 2004) or having limited experience or traditional problem solving
experience (Chapman, 2012). Prospective teachers expressed that problem posing studies contributed to
getting different perspectives, looking through the eyes of others and their professional knowledge. Similarly,
some studies on problem posing mentioned positive effects of problem posing studies. For example, Toluk-
Ucar (2009) suggested that problem posing studies had positive effects on prospective teachers on the
understanding of fractions and views about meaning of knowing mathematics. Stoyanova (1998) argues that
problem posing based mathematics instruction produces better problem solving performance than problem
solving based mathematics instruction. Similarly, according to Schoenfeld (1985), in the problem posing based
problem solving approach, studying on the problems that the students pose may result in a higher level of
understanding of the problem. As a result, it can be said that problem solving instruction including problem

posing may contribute positively to problem solving performance.

Prospective teachers stated that the problem solving instruction increased their success and self-confidence.
Similarly, according to results, prospective teachers thought that in problem solving process, they obtained a
lot of experience and valuable knowledge which would be useful to them in profession of teaching. Similarly,
some studies emphasized positive contributions of teaching problem solving. For example, Comlekoglu (2001)
found that prospective mathematics teachers and prospective classroom teachers had some misconceptions
about mathematical problem concept and problem solving process and the application of problem solving with

the calculator was positive effects on these misconceptions. In the present study, interviews with prospective
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teachers give clues that learning about problem solving steps and strategies increases prospective teachers'
self-confidence. Thompson (1989) reached a similar conclusion as a result of the research carried out with
teachers and found that having sufficient knowledge about the problem solving process increased teachers’
self-confidence in problem solving practices in their lessons. Therefore, it can be said that the teaching of the
problem solving process is effective in improving prospective teachers' knowledge, experience and self-

confidence in problem solving.
SUGGESTIONS

Based on the results of the present study, it is thought that the development of applications of problem solving
methods and strategies for prospective teachers contribute positively to the development of problem solving

skills. In this respect, problem solving courses should be added to teacher education programs.

With the results of the current study, it was determined that instruction of problem solving process increased
prospective teachers' knowledge, experience and self-confidence. Similarly, prospective teachers expressed
that during the problem solving instruction they have acquired a lot of experience and valuable knowledge
which would be useful to them in profession of teaching. Thus, opportunities to learn problem solving steps
and strategies should be provided prospective teachers to increase their knowledge and experience about
problem solving, their problem solving achievements, their self-confidence and their professional knowledge,

skills and experiences in teaching problem solving.

Considering the positive effects of the problem posing practices on prospective teachers’ problem solving
processes, problem posing practices should be designed to increase prospective teachers’ knowledge and skills
about problem posing. Since positive contribution of the problem solving instruction applied in the current
study to the prospective teachers’ problem solving processes was observed, the current study can be replicated

with students and teachers to improve their problem solving processes.
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TURKGE GENiS OZET

PROBLEM COZME OGRETiMi: OGRETMEN ADAYLARININ GORUSLERi VE PROBLEM
COZME SURECLERI

GiRIS

Gagne'ye (1980: 25) gére “egitimin merkezi noktasi insanlara diisiinmeyi, zihinsel gii¢lerini kullanmayi ve daha
iyi problem ¢ozlciler olmayi 6gretmektir”’. Bu dogrultuda, ginimizde matematik egitiminde kagit-kalem ile
hesaplamanin 6nemi giderek azalirken tahmin edebilme, problem ¢6zme gibi beceriler 6nem kazanmaktadir

(Talim ve Terbiye Kurulu Baskanligi [TTKB], 2009).

Problem ¢6zme Onceden belirlenmis rutin bir algoritmanin uygulanmasindan ¢ok daha fazlasini gerektiren bir
surectir (Lester, 1994). Polya (1973) matematik problemlerini cozmede dort adim iceren bir gerceve 6nermistir.
Bu adimlar; (1) problemi anlama, (2) ¢6ziim igin plan yapma, (3) plani uygulama ve (4) sonucu kontrol etmedir.
Ortaokul matematik 6gretim programi ise problem ¢ézme becerilerini gelistirmede, (1) problemi anlama, (2)
¢6zimi planlama, (3) plani uygulama, (4) ¢6zimin dogrulugunu ve gegerligini kontrol etme ve (5) ¢6zUmi
genelleme ve benzer/6zglin problem kurma sireclerinin takip edilmesini 6nermektedir (TTKB, 2013).
Arastirmalar problem ¢dzme sireg¢ ve davranislarina yonelik 6gretimin, problem ¢ézme basarisini artirmada
etkili oldugunu gostermektedir (6rn., Altun, 1995; Arslan ve Altun, 2007; Charles ve Lester, 1984; Lee, 1982;
Yildiz, 2008).

Hedefimiz 6grencilerin problem ¢6zme becerilerini gelistirmek ise bu hedefi ancak 6gretmenler araciligiyla
gerceklestirebiliriz (Thompson, 1989). Ogretmenlerin alan ve meslege dair bilgi ve becerileri 8grenci basarisini
etkileyen dnemli bir faktérdiir (Ball, Thames ve Phelps, 2008; Franke ve Kazemi, 2001). Ogretmenlerin alan ve
pedagojik alan bilgilerinin 6grencilerin 6grenme sirecleri tzerindeki etkilerine iliskin alanyazinda yer alan
calismalar g6z o©nline alindiginda, 6gretmen adaylarinin problem ¢6zme becerilerini gelistirmek tesvik

edilmelidir (Dooren, Verschaffel ve Onghena, 2003).

Matematigi 6grenmek; temel kavram ve becerilerin kazanilmasi ve matematigin gercek yasamda onemli bir
arag oldugunu fark etmenin yani sira matematikle ilgili distinmeyi ve problem ¢6zme stratejilerini kavramayi da
icerir (TTKB, 2013). Bazi arastirmalar, problem ¢ozme stratejilerinin 6gretiminin problem ¢6zme becerisini
artirdigl sonucuna ulagsmistir (6rn., Arslan ve Altun, 2007; Charles ve Lester, 1984; Caliskan, 2007; Lee, 1982;
Schoenfeld, 1979). Bununla birlikte, problem ¢6zme stratejilerinin 6gretimi sadece matematiksel problemlere
bakis agimizi degil ginlik hayat problemlerine bakis acimizi da gelistirebilecek 6nemli bir gerekliliktir

(Posamentier ve Krulik, 1998).

Bu calismanin temel amaci, ilk6gretim matematik 6gretmen adaylarinin problem ¢ézme siireglerini incelemek

ve problem ¢6zme Ogretiminin 6gretmen adaylarinin problem ¢dézme sirecini nasil etkiledigini belirlemektir.
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Ogretmen adaylarinin problem ¢ézme siireci ve problem ¢6zme dersi hakkindaki gériislerini tespit etmek de

¢alismanin amaglari arasindadir. Bu dogrultuda asagidaki problem ve alt problemlere cevap aranmistir:

1. ilkdgretim matematik égretmen adaylarinin problem ¢dzme dersi 6ncesinde problem ¢ézme siiregleri
nasildir?

1.1. Ogretmen adaylarinin problem ¢ézme dersi 6ncesinde problem ¢ézerken takip ettikleri asamalar
nelerdir?

1.2. Ogretmen adaylarinin problem ¢ézme dersi 6ncesinde problem c¢ézerken kullanmis olduklari
problem ¢6zme stratejileri nelerdir?

2. ilkdgretim matematik 6gretmen adaylarinin problem ¢ézme dersi sonrasinda problem ¢dzme siiregleri
nasildir?

2.1. Ogretmen adaylarinin problem ¢ézme dersi sonrasinda problem ¢ézerken takip ettikleri asamalar
nelerdir?

2.2. Ogretmen adaylarinin problem ¢ézme dersi sonrasinda problem c¢ozerken kullanmis olduklari
problem ¢6zme stratejileri nelerdir?

3. ilkdgretim matematik égretmen adaylarinin problem ¢ézme dersi hakkindaki gérisleri nelerdir?
YONTEM

Bu arastirma, ilkdgretim matematik 6gretmen adaylarinin, problem c¢oézerken kullandiklari asamalari ve
stratejileri ortaya ¢ikarmayi ve problem ¢ézme sirecini gelistirmek igin yapilan problem ¢dzme 6gretiminin bu
sirece ne tir katkilarinin oldugunu gorisme ve yazili verileri inceleme yontemleriyle belirlemeyi amaglayan
nitel bir calismadir. Calisma siirecinin basinda ve sonunda, 6gretmen adaylarindan bir problem kurup ¢ézmeleri
istenmis ve ¢o6zilimler yazili olarak toplanmistir. Bireylerin deneyim ve algilarina yonelik bilgi elde etmede
oldukga etkili bir yontem olmasi dolayisiyla (Briggs, 1986), problem ¢6zme dersi sona erdikten sonra, génilli

yedi 6gretmen adayi ile gériismeler gergeklestirilmistir.

Bu calismaya, 2016-2017 egitim-dgretim yili giiz déneminde i¢ Anadolu Bélgesinde bulunan bir devlet
tniversitesinin Egitim Fakiiltesi ilkégretim Matematik Ogretmenligi Anabilim Dali 3. sinifta 6grenim géren ve
“Problem C6zme” isimli segmeli derse kayith 36 6gretmen adayi (31 kiz, 5 erkek) katilmistir. Calismaya katilan
36 6gretmen adayindan 7’si (4 kiz, 3 erkek) ile gorismeler gerceklestirilmistir. Goriisme yapilan 6gretmen

adaylari goniillilik esasina dayanarak belirlenmistir.

Ogretmen adaylarinin problem ¢dzme siireglerini ve bu siirece problem ¢ézme dgretiminin etkisini incelemek
amaciyla, 14 haftalik (28 ders saati) problem ¢6zme dersinin ilk haftasinda ve ders tamamlandiktan sonra,
o0gretmen adaylarindan bir problem kurup, kurduklari problemi ¢ézmeleri istenmis ve ¢oziimler yazili olarak

toplanmistir.
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Ders kapsamina geriye dogru calisma, baginti bulma, cizim yapma (gorsel temsil), sistematik liste yapma,
benzer basit problemlerin ¢éziimiinden yararlanma, tahmin ve kontrol etme ve mantiksal muhakeme
stratejileri dahil edilmistir (Baykul, 2014; Posamentier ve Krulik, 1998). Problem ¢6zme siirecinde, Polya’nin
(1973) doért adimli problem ¢6zme sirecine “problem yazma” adimi eklenerek bes basamakh sireg
uygulanmaya tegvik edilmistir. Problem kurma belirli kosullar altinda problem olusturulmasini igerebilecegi gibi
Uzerinde calisilan problemlerin degistiriimesiyle yeni problemler elde edilmesini de kapsamaktadir (Silver,
1994). Mevcut ¢alismada, problem kurma asamasinda 6gretmen adayindan Uzerinde galistigi problemden yeni

bir problem olusturmasi istenmistir.

Gortismelerde, 6gretmen adaylarinin problem ¢dzme sireci ve 0Ogretimi hakkindaki gorislerini ortaya
¢ikarmaya yonelik olarak sekiz adet agik uglu sorudan olusan gérisme formu kullaniimistir. Gériisme formu,
gorisme amacina uygun olarak 6gretmen adaylarindan derinlemesine bilgi elde etmeye yonelik sorular

icermektedir.

Arastirmada odaklanilan sorularin cevaplandiriimasina yonelik olarak, veriler betimsel analiz yontemiyle
incelenmistir. Bu tur analizde, veriler aragtirma sorularinin ortaya koydugu temalar ya da gorlisme ve gozlem

stireclerinde kullanilan sorular/boyutlar araciligiyla sunulabilir (Yildirim ve Simsek, 2006).

Veri analizinde, 6ncelikle yazili veriler, problem ¢6zme asamalari ve problem ¢ézme stratejileri temalari altinda
incelenerek, 6gretmen adaylarinin problem ¢6zme 6gretimi 6ncesindeki ve sonrasindaki problem ¢6zme
suregleri belirlenmistir. Daha sonra, problem ¢6zme dersi sonunda yapilan gorlismeler, 6gretmen adaylarinin
problem ¢ézme siireci ve 6gretimi hakkindaki gorislerini incelemek lzere problem ¢ézme asamalari, problem
¢Ozme stratejileri ve problem ¢6zme 6gretimi hakkindaki gorisler temalari altinda incelenmistir. Belirlenen
tema ve alt temalar kapsaminda “goris birligi” ve “gdris ayriligl” olan konular tartisiimis; verilerin "problem
¢O6zme siireci" ve “problem ¢dzme dersi hakkindaki goriisler” temalari altinda sunulmasi kararlastirilarak gerekli

dizenlemeler yapiimistir.
BULGULAR

Bulgular 6gretmen adaylarinin problem ¢6zme dersi 6ncesi izledikleri belirgin bir siirecin olmadigini fakat ders
sonrasi kendi yazmis olduklari problemleri ¢ézerken biyik ¢cogunlugunun, problemi anlama, ¢éziim icin plan
yapma, plani uygulama, sonucu kontrol etme ve yeni bir problem kurma sireglerini takip ettiklerini
gostermistir. Ayrica gorlismelerin analizi, 6gretmen adaylarinin problem ¢ézme siirecinde bu adimlarin takip

edilmesinin yararh ve gerekli oldugunu dislindiklerini ortaya ¢cikarmistir.

Problem ¢6zme dersi sonunda 6gretmen adaylari ile yapilan gértismelerde, 6gretmen adaylari herhangi bir
problemle ilk karsilastiklarinda yapacaklarini, anlamaya ¢alisma, benzer problemlerle karsilasip karsilasmadigini

sorgulama ve ¢6ziim yolunu disiinme olarak belirtmistir.
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Gorismelere katilan 6gretmen adaylarinin tamami problem ¢dézme slirecinde problem ¢6zme asamalarinin
takip edilmesinin 6nemli oldugunu ve problem ¢6zme sirecindeki 6nemli noktalarin basinda anlamanin

geldigini ifade etmislerdir.

Ogretmen adaylari problemi anlamada problemde gegen kavramlari anlamanin da énemli oldugunu,

problemdeki kavram karmasasinin problemi anlamayi olumsuz etkileyebilecegini belirtmislerdir.

Ogretmen adaylari, problem ¢ézmenin son asamasi olan yeni bir problem yazma adiminda, problem ¢ézme
dersinin ilk haftalarinda zorlandiklarini ama bu sureci deneyimlemis olmaktan memnun olduklarini ifade
etmislerdir. Ogretmen adaylari ile yapilan gériismeler, problem kurma calismalarinin égretmen adaylarinin
disiince yapilarini etkiledigi, problemlere yonelik farkli bakis agilari gelistirmeye, problemlere baskalarinin

gbziinden bakabilmeye ve mesleki bilgilerine katki sagladigini ortaya ¢ikarmistir.

Problem ¢6zme dersi 6ncesinde toplanan yazili verilerden elde edilen bulgular 32 6gretmen adayinin (%88,89)
yazdiklari problemleri denklem kurarak c¢ozdiklerini ya da dogrudan denklem ¢6ziimiinii soran sorular
yazdiklarini géstermistir. Sadece doért 6gretmen adayi (%11,11) yazdig problemi denklem kurmadan dort isleme

dayal temel islem bilgisini kullanarak ¢ézmustur.

Problem ¢6zme dersi sonrasinda toplanan yazili verilere gore ise 6gretmen adaylari kendi yazdiklari problemleri
en az iki farkli strateji kullanarak ¢&zmiislerdir. Ogretmen adaylarinin yazdiklari problemleri ¢ézerken
kullandiklar stratejiler, sistematik liste yapma (%30,6), geriye dogru calisma (%19,4), baginti bulma (%13,9),
¢izim yapma (%13,9), mantiksal muhakeme (%8,3), tahmin ve kontrol etme (%8,3) ve benzer basit problemlerin
¢6zUmunden yararlanma (%2,8) stratejileridir. Bir 6gretmen adayi ise problemini dort isleme dayal temel islem
bilgisini kullanarak ¢dzmustiir. Ogretmen adaylari ¢éziimiin kontrolii asamasinda problemi farkli bir yoldan
tekrar ¢6zmuslerdir. Problemin kontrol asamasinda dokuz 6gretmen adayinin denklemlerden yararlandigi

belirlenmistir.

Sonug olarak, 6gretmen adaylarinin problem ¢6zme dersi 6ncesinde herhangi bir problem ¢ézme sirecini takip
etmedigi; problem ¢dzme dersi sonunda ise biyilk ¢ogunlugunun anlama, plan yapma, plani uygulama, kontrol
etme ve yeni bir problem yazma asamalarini iceren bir silire¢ takip ettigi belirlenmistir. Bulgular, problem
¢6zme dersi 6ncesinde 6gretmen adaylarinin ¢ogunlugunun dort islem gerektiren sozel problemler yazdiklarini
ve problemlerini denklem kurarak ¢ozdiiklerini; bununla birlikte problem ¢6zme dersi sonrasinda en az iki
strateji ile ¢oziilebilecek farkli problemler yazip ¢dziimlerini de en az iki farkl strateji kullanarak yaptiklarini
goOstermistir. Ayrica, 6gretmen adaylari problem ¢6zme dersinin kendilerine blylk katki sagladigini, problem
¢6zme dersinde o6grendiklerini uygulayarak basarilarinin ve 6zglivenlerinin arttigini, dislince yapilarinin
etkilendigini ayrica 6gretmenlik mesleginde kendilerine ¢ok yararh olacagini diisiindikleri bilgi ve deneyimler

edindiklerini belirtmislerdir.

TARTISMA VE SONUG
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Arastirma sonuglari, problem ¢dézme dersi 6ncesinde 6gretmen adaylarinin problem ¢ézme siirecinde problem
¢6zme adimlarini takip etmedigini ve problem ¢6zme siireci ile ilgili kisith bir bilgiye sahip olduklarini
gostermistir. Problem ¢d6zme dersi sonrasinda, 6gretmen adaylari kendilerine anlatiimis olan problem ¢ézme
adimlarini uygulamaya baglamislardir. Calisma sonunda, 6gretmen adaylarinin biyiuk ¢ogunlugunun kendi
yazdiklari problemleri ¢dzerken problemi anlama, ¢6ziim igin plan yapma, plani uygulama, kontrol etme ve yeni
bir problem yazma asamalarini takip ettigi belirlenmistir. Problem ¢6zme 6gretimi sonrasinda Ogretmen
adaylari ile yapilan gériismeler bu sonucu destekler nitelikte olup, 6gretmen adaylarinin diisiincesi bu adimlari
iceren problem ¢6zme sirecini takip etmenin gerekli ve 6nemli oldugu yodniindedir. Ayrica goriismeler,
O0gretmen adaylarinin problem ¢ézme 6gretimi sonrasinda problemi anlamanin éneminin farkina vardiklarini
ortaya cikarmistir. Anlamanin 6nemini kavrayan Ogretmen adaylarinin 6grencilerine de bu farkindalig
kazandirmaya yonelik etkinlikler planlayacagi duslinilmektedir. Goriismelerde 06gretmen adaylarinin

ogrendiklerini mesleklerinde uygulayacaklarini belirtmis olmalari bu fikri destekler niteliktedir.

Arastirmanin bulgulari, problem ¢ézme 6gretimi oncesinde 6gretmen adaylarinin biylk ¢ogunlugunun dort
islem gerektiren sozel problemler kurduklarini ve yazdiklari problemleri denklem kurarak ¢6zdiklerini
gostermistir. Problem ¢6zme dersi sonrasinda ise, 6gretmen adaylari en az iki farkli strateji ile ¢ozilebilecek
problemler yazmis ve farkl stratejiler kullanarak ¢ézmuslerdir. Problem ¢ézme siirecinde kullanilacak bilgiler
arasinda iliski kurmanin bir yolu olarak, farkli ¢6zim yollarn ve farkli matematiksel bilgilerin kullaniimasini
saglayan birden ¢ok ¢6ziim yoluna agik problemlerin sunulmasi gerekliliginin (Leikin, 2007), bu bulguyu anlamli
kildigi dusiiniilmektedir. Ogretmen adaylarinin problem c¢ozerken kullandiklari stratejiler, sistematik liste
yapma, geriye dogru calisma, baginti bulma, gizim yapma, mantiksal akil ylritme, tahmin ve kontrol etme ve
benzer basit problemlerin ¢dziimiinden yararlanma stratejileri olarak belirlenmistir. Ogretmen adaylari ile
yapilan goriismeler bu bulgulari destekler nitelikte olup, gériismelerde 6gretmen adaylari problem ¢ézme
Ogretimi 6ncesinde problemleri denklem kurarak ¢ozmeye yatkin olduklarini fakat problem ¢ézme 6gretimi ile
farkli stratejiler 6grendikleri igin artik bunlari kullanmayi tercih ettiklerini belirtmislerdir. Bu sonug 6gretmen

adaylarinin stratejileri 6grenme ve 6grendiklerini uygulama egiliminde olduklari yoniinde yorumlanabilir.

Ogretmen adaylari, problem ¢6zme dersinin ilk haftalarinda problem kurma siirecinde zorlandiklarini
belirtmekle birlikte bu siireci deneyimledikleri icin memnun olduklarini belirtmislerdir. Ogretmen adaylarinin
problem kurmada zorlanmalari, problem kurma deneyimine sahip olmamalarina (Rizvi, 2004) ya da kisitli
deneyime veya geleneksel problem ¢ézme deneyimine sahip olmalarina (Chapman, 2012) baglanabilir.
Ogretmen adaylari, problem kurma calismalarinin farkli bakis agilari gelistirmeye, baskalarinin goziinden
problemlere bakabilmeye ve mesleki bilgilerine katkisi oldugunu belirtmislerdir. Sonug olarak, problem kurmayi
da iceren problem ¢ézme 6gretiminin bireylerin problem ¢ézme performanslarina olumlu yonde katkisi olacagi

soylenebilir.

Ogretmen adaylari, problem ¢ézme &gretiminin kendilerine biyiik katki sagladigini, problem ¢6zme 6gretimi ile

ogrendiklerini uygulayarak basarilarinin ve ozglivenlerinin arttigini, dislince yapilarinin etkiledigini ayrica

985 Topbas-Tat, E. (2018). Problem Solving Instruction: Prospective Mathematics Teachers’ Opinions
and Problem Solving Processes, International Journal Of Eurasia Social Sciences, Vol: 9, Issue: 32,
pp. (960-990).



” 0 E SS Year: 9, Vol:9, Issue: 32 JUNE 2018

ogretmenlik mesleginde kendilerine ¢ok yararli olacagini disindikleri bilgi ve deneyimler edindiklerini
belirtmislerdir. Mevcut calismada 6gretmen adaylari ile yapilan gorismeler, problem ¢ézme adimlarini ve
stratejilerini 6grenmis olmanin 06gretmen adaylarinin 6zglvenlerini artirdiginin ipuglarini  vermektedir.
Dolayisiyla, problem ¢dzme siirecine yonelik 6gretimin 6gretmen adaylarinin problem ¢ézmeye yonelik bilgi,

deneyim ve 6zglivenlerini gelistirmede etkili oldugu sdylenebilir.
ONERILER

Mevcut arastirmanin sonuglari géz Oniline alindiginda 6gretmen, 6gretmen adayl ve Ogrencilere yonelik
problem ¢6zme ydntemi ve stratejileri uygulamalarinin gelistirilmesinin, arastiran, sorgulayan, elestirel

bakabilen ve problem ¢6zebilen bireylerin yetistiriimesine olumlu katki saglayacagi diistinilmektedir.

Mevcut ¢alisma sonuglari ile problem ¢6zme siirecine yonelik 6gretimin 6gretmen adaylarinin bilgi, deneyim ve
ozglvenlerini artirdigl belirlenmistir. Benzer sekilde, 6gretmen adaylari, problem ¢bzme 6gretiminin
ogretmenlik mesleginde kendilerine ¢ok faydal olacak bilgi ve deneyimler edindirdigini ifade etmislerdir. Elde
edilen sonuglar goéz 6nlne alindiginda, 6gretmen adaylarina, problem ¢ézme ile ilgili bilgi ve deneyimlerini,
problem ¢ézme basarilarini, 6zglivenlerini ve problem ¢ézme 6gretimine yodnelik mesleki bilgi, beceri ve
deneyimlerini arttirmaya yonelik olarak problem ¢6zme asamalarinin ve stratejilerinin 6gretimini igceren

6grenme ortamlarinin sunulmasi énerilmektedir.

Mevcut arastirma sonucu elde edilen problem kurma galismalarinin olumlu etkileri diistiniildiiglinde 6gretmen
adaylarinin problem kurma ile ilgili bilgi ve becerilerini artirmaya yonelik uygulamalarin yapilmasi
onerilmektedir. Uygulanan problem ¢6zme 6gretiminin 6gretmen adaylarinin problem ¢ézme sirecine olumlu
katkisi gozlendigi icin, mevcut ¢alismanin 6grenci ve 6gretmenlerin problem ¢ézme siirecini gelistirmeye yonelik

tekrari 6nerilebilir.

Anahtar Kelimeler: Problem ¢6zme siireci, problem ¢ézme 6gretimi, 6gretmen adayi.
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