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ABSTRACT

AN INVESTIGATION OF PROSPECTIVE ELEMENTARY MATHEMATICS
TEACHERS’ STRATEGIES USED IN MATHEMATICAL PROBLEM GLVING

Avcu, Seher
M.S., Department of Elementary Science and Mathies&iducation

Supervisor: Assoc. Prof. Dr. Min8IKSAL
Co-Supervisor: Assist. Prof. Dr. giem HASER

January 2012,112 pages

The purpose of this study was to investigate thesgective elementary
mathematics teachers’ use of strategies and tlobilexzement levels in solving
mathematical problems with respect to year leveé data were collected from 250
prospective elementary mathematics teachers edriollan elementary mathematics
education program from a state university in Cénaatolian Region. Problem
Solving Test (PST) was used to accomplish the mapaf the study. The data
collection tool adapted by the researcher inclutied open ended problems. In this
study, item based in-depth analysis was employet&termine a variety of problem
solving strategies used by prospective teacherms.fifBguencies and percentages of

categories were gathered for each item and for gaahlevel.



The results of this study revealed that prospecsilementary mathematics
teachers’ problem solving achievement was modsrateigh. Prospective
elementary mathematics teachers in each year Meet able to use various
problem solving strategies to a certain extaviore specifically, the results
indicated that ‘making a drawing’ and ‘intelligegtiessing and testing’ strategies
were among the most prominent strategies frequersiyl by prospective teachers.
Setting up an equation and using a formula wasr @nategies used by prospective
teachers. On the other hand, finding a pattermegtyavas the least frequent strategy
used by prospective teachers.

Keywords: Problem solving achievement, Prospealeenentary mathematics

teachers, Problem solving strategies



Oz

ILKOGRETIM MATEMAT iK OGRETMEN ADAYLARININ MATEMAT IKSEL
PROBLEM COZMEDE KULLANDIKLARI STRATEJLERIN INCELENMES

Avcu, Seher

Yuksek Lisansjlkogretim Fen ve Matematik gimi

Tez Yoneticisi: Do¢.Dr. MineSIKSAL
Ortak Tez Yoneticisi: Yrd. Dog. Dr. @lem HASER

Ocak 2012, 112 sayfa

Bu calsmanin amaci, ilkgretim matematik gretmen adaylarinin
matematiksel problem c¢6zmedeki shalarini ve kullandiklari stratejileri
incelemektir. Calmanin orneklemi Ic Anadolu Boélgesindeki bir devlet
Universitesinde ilkgretim matematik gretmenlgi programina devam eden 250
Ogretmen adayindan ajmaktadir. Cakmanin amaci dgultusunda argirmaci
tarafindan uyarlanan dokuz maddelik Problem CozrestiTkullaniimstir. Bu
calsmada, @retmen adaylarinin kullandiklari problem c¢6zme tsjilarini
belirlemek icin Problem Co6zme Testindeki her bir dae derinlemesine

incelenmgtir. Verilerin analizinde frekans ve ylzde kullanitir.

Vi



Arastirmanin sonuglarina gore, ilg@etim matematik gretmen adaylarinin
problem c¢6zmede bkarisi olduk¢ca yuksek bulunmgtur. Ayrica, ilk@retim
matematik gretmen adaylarinin farkli problem ¢6zme stratejiiebelirli dlctide
kullandiklar1 belirlenmgtir. Arastirmanin bulgularina géregéetmen adaylarinin en
cok sekil cizme ile tahmin ve kontrol stratejilerini kahmslardir. Cgretmen
adaylari ayni zamanda denklem kurma ve formidl hkaotla stratejilerini
kullanmslardir. Geretmen adaylarinin en az kullandiklari strateji sénti bulma

stratejisidir.

Anahtar Kelimeler: Problem c¢6zme gaaisi, ilkogretim matematik gretmen

adaylari, Problem ¢6zme stratejileri
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CHAPTER 1

INTRODUCTION

Over the past decades, National Council of TeachieMathematics
[NCTM] has established mathematics standards imtbas of curriculum, teaching,
and assessment and has been influential arourvdaithé in establishing a vision of
school mathematics that is grounded in studentrstetleding and problem solving
(NCTM, 1989, 1991, 1995). Moreover, there is catld decreased emphasis on
computation and knowledge of algorithms and a gegagihasis on conceptual
understanding, problem solving, reasoning and pi@whmunication connections
and representation (NCTM, 2000).

Problem solving plays an important role in mathecahtearning. Many
mathematics educators feel that mathematics idgarobolving (Wilson, Fernandez
& Hadaway, 1993). Moreover, mathematics teachéuglenits and parents believe
that doing mathematics is equivalent to solvingopgms (Kaur, 1997). According to
Stanic and Kilpatrick (1989), problem solving haswupied a central place in the
school mathematics curriculum since antiquity. iginty, Kilpatrick, Swafford and
Findell (2001) explained that,

“Studies in almost every domain of mathematics laderaonstrated that

problem solving provides an important context inckhstudents can

learn about number and other mathematical toprcbl®m-solving

ability is enhanced when students have opport@iitiesolve problems



themselves and to see problems being solved. Fudtablem solving

can provide the site for learning new conceptsfang@racticing learned

skills” (p. 420).

Thus, problem solving is important as a way of dpiearning and teaching
mathematics and can be accepted as a core concgghtaol mathematics curricula.
Krulik and Rudnick (2003) assert that problem sadvis not just a method in
mathematics, but a major part of learning matheseatihere the students deepen
their understanding of mathematical concepts byyaimg and synthesizing their
knowledge. Furthermore, NCTM (2000) states thabl@m solving process is of
great importance for students and summarizes thiseeps standard as follows:

“Instructional programs from prekindergarten throggade 12 should

enable all students to build new mathematical kedgé through

problem solving; solve problems that arise in mathics and in other

contexts; apply and adopt a variety of appropms#tategies to solve

problems; monitor and reflect on the process ohera@tical problem

solving” (p. 52).

There have also been reform movements in Turkistmehtary school
mathematics curricula by the year 2005. In the peygram, problem solving has
been considered as an integral part of the mathesreducation and regarded as a
basic skill that should be improved in every sub{&tinistry of National Education
[MoNE], 2005a, 2005b). Hence, the students are @rpeo; “benefit from problem
solving in order to learn mathematics; develop awess that problem solving
contributes much to the learning; use problem sgl¥n daily life experiences, in
other disciplines and novel situations; apply peoblsolving steps meaningfully;
pose their own problems; be self confident wherisglproblems; hold positive
attitudes towards problem solving” (MoNE, 200914).

The integration of problem solving and mathematiestes the need to
develop problem solving strategies and processasn@problem solving process,
two of the problem solving steps namely, ‘makingan’ and ‘carrying out the plan’

are directly related with problem solving strategiBolya, 1957). Strategies for



solving problems are identifiable methods of apphorag a task regardless of
specific topic or subject matter (Van de Walle, 4T he strategies would help
students make progress in solving more challengieydifficult problems (Hatfield,
Edwards, Bitter & Morrow, 2007). Moreover, by legag the problem solving
strategies, beginning with simple applications dreh progressively moving to more
challenging and complex problems, the studentshawMe the opportunity to develop
everyday use of their problem solving skills (Posatier & Krulik, 1998). Students
who develop their own strategy are far more sudaksssolving mathematical
problems (Wilborn, 1994). Besides, different praoblsolving strategies are
necessary as students experience new mathemattddims and the teacher’s
mission is to create a classroom environment ti@ests are encouraged to explore
new strategies, to take risks in trying and to usscfailures and successes with peers
and teacher. In such supportive environments, stadenderstand that their
solutions are appreciated and develop confidentdgein mathematical abilities;
hence they develop a willingness to engage in aptbee new problems (MoNE,
2009).

Teachers possess considerable responsibility desta’ problem solving
process, therefore teachers’ understanding optioisess is considerably important
for students to become efficient problem solvetsusl teachers need to be involved
in a variety of problem solving experiences andhgasights into the nature of
problem solving before they can adequately undedstiae perspectives of their
future students as problem solvers (Thompson, 19&&tprdingly, if we think that
problem solving should be taught to the studehts) teachers should already posses
the knowledge of problem solving. If we accept peabsolving as a basis of
teaching mathematics, teachers should understanuatiare of the problem solving
(Chapman, 2005). The key component of the probl@mrgy process is teachers
since problem solving instruction can be most ¢iffeavhen students feel that
teachers accept problem solving as an importamtop#éne activity and teachers use

problem solving in their mathematics instructiogutarly (Lester, 1980).



Working backwards, finding a pattern, adoptingféedent point of view,
solving a simpler analogous problem, considerirtgeexe cases, making a drawing,
intelligent guessing and testing, accounting fopasksibilities, organizing data and
logical reasoning are appropriate strategies thalidcbe applied and adapted by
students in all grades to solve mathematical probl@MoNE, 2009; Posamentier &
Krulik 1998).

Mathematical Sciences Education Board [MSEB] (198%epted teacher
education as a central issue for any change iardee of education. Moreover it
stated that “no reform of mathematics educatiqrossible unless it begins with
revitalization of undergraduate mathematics in mttriculum and teaching style”
(p.39). Similarly, Bayrakdar, Deniz, Akglin aiyteyen (2011) argued that countries
must prioritize teacher training systems beforecttiring elementary and secondary
education programs. In this sense, it is expettatitaving an idea about
prospective elementary mathematics teachers’ utasheling and use of problem
solving strategies will help educators develop faitwaining programs for
prospective and in-service elementary mathematmshiers. Moreover, it is believed
that the current study will contribute to futurevdldopments of mathematical
problem solving in teacher education.

1.1. Purpose of the Study

In this study, the main focus of investigationagietermine the problem
solving strategies that prospective elementary ematttics teachers use while
solving mathematical problems. Besides, this saldy deals with prospective
elementary mathematics teachers’ achievement inlgmosolving in terms of year

levels.



1.2. Significance of the Study

Mathematicians (e.g., Polya, 1962), mathematicsa&tdus (e.g., Brown &
Walter, 1990; Freudenthal, 1973), the National @dwf Teachers of Mathematics
(NCTM, 1989, 2000) and the National Research Cd\Kdpatrick, Swafford &
Findell, 2001) consider problem solving as a céeenent of mathematical
proficiency. Moreover, problem solving is not oliye important form of
mathematical proficiency (Kilpatrick, Swafford, &relell, 2001) but also a
productive way to develop other mathematical coempaes (Lester & Lambdin,
2004). However, problem solving is a particulartynplex concept in mathematics
education (Ryve, 2007). Similarly, preparing pratpe mathematics teachers for
classrooms in the 21st century is a complex task,(R005). Due to the complexity
of problem solving (e.g., Schoenfeld, 1992; St&kilpatrick, 1989) it can be
assumed that teachers’ views and interpretatiopsadfiem solving may have an
impact on the activities of classrooms. Thereftgacher education programs should
be able to change, if necessary, prospective tesichiews regarding the role of
problem solving (Cooney, Shealy, & Arvold, 1998a@ford, 1996; Thompson,
1992). Besides, Ding Artut and Tarim (2009) repbtteat prospective teachers
lacked skills of solving mathematical problems @noposed that they should be
provided the opportunity to create an environmemded to solve problems by using
several different problem solving strategies. Tfagre prospective elementary
teachers need to be investigated to determine whptbblem solving achievement
and the use of various problem solving strategiepeovided efficiently by the
current teacher education program.

There is a need for well-trained teachers in otd@&nable students to solve
high quality problems and own flexible classroomimmments that enhance their
thinking. Therefore, teacher education programsishprovide prospective teachers
opportunities to develop problem solving skills (@e Yaman, 2005). Likewise,
Beisser (2000) contends that prospective teacherdd be provided more

opportunities to view themselves as intellectualipable and practically responsible



for solving mathematical problems. Moreover, iflgem solving should be taught to
students, then it should be taught to prospectigetters who are likely to enter
teacher preparation programs without having beaghtait in an explicit way.
Despite the importance of prospective teachersétsidnding of problem
solving or problem solving strategies, most redearcproblem solving was
conducted with elementary school students (Alt@951 Charles & Lester, 1984;
Erden, 1984; Israel, 2003; Lee, 1982; Yazgan & &ir2005; Yazgan, 2007).
However, few studies were conducted with prospediachers on problem solving
(Altun & Memnun, 2008; Altun, Memnun & Yazgan, 2Q0Koreover, Chapman
(2008) made the same point about problem solviigcéaimed that studies focusing
explicitly on prospective teachers’ knowledge aslgem solving are scare in the
research literature, regardless of whether rowdmson-routine problems are
considered. For the above mentioned reasons, thentstudy will investigate
prospective elementary mathematics teachers’ pmobtdving achievement and
their use of strategies in solving these matheralgioblems. The investigation of
prospective elementary mathematics teachers’ pmobtdving achievement and
their use of problem solving strategies is thougtie helpful in developing training
programs in the future for prospective and in-senaglementary mathematics

teachers.

1.3. Research Questions

The main purpose of this study was to investigabsgective elementary
mathematics teachers’ use of strategies in mathesthatoblem solving. Moreover,
this study also examined prospective elementaryhemadtics teachers’ problem
solving achievement in terms of their year levaie teacher education program. In
this sense, the investigated two major researchtmums are:

1. What is the level of prospective elementary mathamseachers’

achievement in problem solving in terms of yeael@v



2. What are the strategies used by prospective elememathematics teachers

while solving mathematical problems in each yeeael®

1.4. Assumptions and Limitations

It is assumed that participating prospective eldargrmathematics teachers
pay careful attention to each problem in ProblerviSg Test. Also, it is assumed
that their strategies could be measured through Pi&ally, it is assumed that, all
participants have prerequisite knowledge to solablems in the PST.

The findings of this study are limited to the detdlected from 250
prospective elementary mathematics teachers stydyia state university and
prospective elementary mathematics teachers’ prmobtdving achievements and
strategies are limited to the problems includeB8T. Therefore, the study may be
limited in its application to a more generalizegplation of prospective elementary

mathematics teachers.

1.5. Definition of Important Terms

In previous sections, purpose, significance andaneh questions of the study
were presented. In the following, the constituwel operational definitions of the
important terms will be given.

Problem

Henderson and Pingry (1953) defined problem asttiatson that one cannot
find any ready solution for it” (p. 248). In thitugly problem was defined as a
situation that requires a decision or an answematier if the solution is readily
available or not to the potential problem solver.

Problem solving

NCTM (2000) defined problem solving as “gettingahxed in a task for which

there is no immediate answer” (p. 9).



Achievement in problem solving
In this study, prospective elementary mathemasiastiers’ problem solving
achievement will be measured by Problem Solving [feST) developed by the
researcher.
Problem solving strategy
Van de Walle (2007) defined problem solving strgtag “a specific method
developed to find a solution to a problem regasitefsconsidering any topic” (p.
57). In this study, Posamentier and Krulik’s (&9problem solving strategies will
be adopted to identify prospective elementary nmatiies teachers’ problem solving
strategies. Namely, these strategies are ‘logeagdoning’, ‘intelligent guessing and
testing’, ‘considering extreme cases’, ‘accounfmgall possibilities’, ‘adopting a
different point of view’, ‘visual representation &king drawing)’, ‘organizing data’,
‘solving simpler analogous problem’, ‘working badals’ and ‘finding a pattern’.
Prospective elementary mathematics teachers
Prospective elementary mathematics teachers atenfi@n, sophomore,
junior and senior students studying in the Elenmgnitéathematics Education
program at an education faculty of a state unityemiCentral Anatolia. Prospective
elementary mathematics teachers are enrolled ifothheyear undergraduate teacher
education program and they are trained to teachematics from 4 grades to 8
grades after their graduation.
Year level
Year level refers to the year in the program prospe teachers attend.
Freshmen are®lyear students; sophomores at®y2ar students; juniors aré gear
students and seniors ar year students enrolled in elementary mathematics

education program.



CHAPTER 2

LITERATURE REVIEW

The purpose of this study was to investigate prospeelementary
mathematics teachers’ use of the problem solviradesties while solving
mathematical problems. Besides, the study exanpnespective elementary
mathematics teachers’ achievement in problem splvinerms of year levels.

In this chapter, literature review of the presentlg was presented. Firstly,
problem, problem solving and problem solving sggteoncepts were defined. Then,
approaches to problem solving instruction were @xpld. Finally, research studies

on problem solving were reviewed.

2.1. What is a ‘Problem’?

Problems are perceived as exercises that needdmasmutational skills to
solve in mathematics courses. However, problemsatrémited with mathematics
courses (Heddens & Speer, 2006). On the contpaoplem is everything that gets
someone confused, creates challenging situatiomeakes beliefs uncertain
(Dewey, 1933). Moreover, problem is defined aguwaton that one faces with
some blockage while solving the problem. That igsk can be a problem if it

involves a point that problem solver does not kinmww to proceed (Kroll & Miller,



1993). Similar definition of problem is a situatithat one cannot find any ready
solution for it (Henderson & Pingry, 1953).

Whether a situation is a problem or not changea® fperson to person
depending on the individual’s reaction to it. Mepecifically, in order for a situation
to be a problem, a person should be aware of thatgin and be interested in
solving it but s/he should be unable to proceeihtbthe solution (Lester, 1980).
Moreover, a problem for a person today may not peoblem in another day
(Henderson & Pingry, 1953). When above definitiares analyzed, there are some
common points in order for a situation to be a fgob That is, there should be a
challenge, the situation confronted should be reewl, the person facing a problem
should be perplexed and willing to find a soluttorthat situation.

According to the literature, problems could be gatezed into two; first one is
routine problems and the second one is non-roptiokelems. Routine problems are
formed by adding different data to already solvezbfems and solved by applying a
known algorithm step by step without adding newdgsi(Polya, 1957). Routine
problems can be solved by using an algorithm aag tlan be solved in one, two or
more steps (Holmes, 1995). Moreover, a routine lpralbccurs when a problem
solver knows the way of finding correct answer Endws that the way is suitable
for that problem (Mayer & Hegarity, 1996). Thus developing computational
skills, solving routine problems plays an importesie (Altun, 2002). On the other
hand, non-routine problems require organizing gidata, classifying, and making
relationship in addition to computational skillsi(dak, 2005). Besides, non-routine
problems occur when a problem solver does not Kmowr to solve the problem and
the problem solver is not able to see the soludinoe it is not obvious (Mayer &
Hegarity, 1996). Students need to be given the appity to solve non-routine
problems so that they can learn to apply matherdatancepts beyond the ones they
have already learned (NCTM, 2000). Non-routine faois require flexibility in
thinking and extension of previous knowledge anaive the discovery of
connections among mathematical ideas (Schoenfeld, d1999). Moreover, Slavin

(2000) claims that students should apply knowleatgt skills in problem solving in
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order to learn mathematics. In this section, thecept of problem was explained
briefly and next, problem solving concept will bemtioned.

2.2. What is ‘Problem Solving'?

NCTM (1989) gives a considerable emphasis on tipoitance of problem
solving in mathematics education that, it defineghamatics as problem solving.
Problem solving can be generally defined as gettimglved in a task for which
there is no immediate answer (NCTM, 2000). Anothedinition for problem solving
is making a research to reach a target that isooilsvbut not easy to reach. If
mathematics is problem solving, then problem sgj\dan be defined as eliminating
the problem situation by using critical reasonimggesses and required knowledge
(Altun, 2005). In addition to that, problem solviisgnot only a method or a strategy
to give meaning to a situation but also a kindhariking that is used to solve non-
algorithmic situations (Branca, 1980). Since prabbolving includes coordination
of knowledge, intuition, and critical thinking,ig not reaching a solution by only
applying procedures or rules, but it means far ncoraplex process (Charles et al.,
1987).

There are different approaches in teaching matheahg@roblem solving. The
most well known distinction between these approachenade by Hatfield (1978).
According to Hatfield (1978), there are three bagiproaches to problem solving
instruction:teaching via problem solvingeaching for problem solvingindteaching
about problem solvind_ater, Schroeder and Lester (1989) reemphasiesgtthree
approaches.

In teaching via problem solvingnathematics topics are introduced with a
problem. That is, problems are vehicles to intredaicd study on a mathematical
task (Manuel, 1998). In teaching via problem sayiproblems are valued as
primary means of doing mathematicstéaching for problem solvingtudents
apply the knowledge that is learned in mathemégigssons to solve problems. In

other words, mathematics is taught in order tohgaoblem solving. Students are
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expected to solve both routine and non-routine lprab during the learning of
mathematics. Iteaching about problem solvinthe strategies and process of
problem solving are taught. The teacher who teaaheat problem solving
underlines the set of four independent phasesatieatised to solve problems in
Polya’s problem solving model. These phases argerstanding problem’, ‘devising
a problem’, ‘carrying out the plan’ and ‘checkingwgion’. Besides, ‘heuristics’ or
‘strategies’ used in devising a plan phase arehtigingeaching about problem
solving (Schroeder & Lester, 1989).

In this part, approaches to problem solving ingtouncwere reviewed. In the
next part, teaching about problem solving apprabediing with strategies and
processes of problem solving will be reviewed siteecurrent study is mainly
concerned with prospective elementary mathemageshiers’ use of problem

solving strategies.

2.3. Teaching about Problem Solving

The integration of problem solving and mathematiestes the need to
develop problem solving strategies and procesategfies for solving problems are
identifiable methods of approaching a task regasdtd specific topic or subject
matter. Strategy goals play a role in all phasgzralblem solving: understanding the
problem, solving the problem, reflecting on thevegisand solution (van de Walle,
1994).

It can be said that problem solving is viewed asadthematical process and
this process involves several problem solving stepsinstance, Charles, Lester and
O’ Daffe (1987) state that problem solving invol\&steps; understanding the
problem, solving the problem and finding an ansteehe problem. However,
According to Polya (1962), there are 4 steps i@ solving process;
understanding the problem, making a plan, carrguigthe plan and checking the
solution. Moreover, Altun (2005) accepted ‘extemygihe problem’ as a fifth step in

addition to Polya’s four step problem solving model
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Dewey’s (1933) problem solving model can be reghaethe most
comprehensive one when compared to other modetarding to him, problem
solving involved 7 steps. These steps are nameebdiging the problem,
understanding the problem, finding alternative sohs, collecting data, evaluating
the data, generalizing and finding solution, anplypg and evaluating the solution.

Overall, when the studies stated above are takerconsideration, problem
solving process includes four common steps: ‘urideding the problem’, ‘making a
plan’, ‘carrying out the plan’ and ‘checking thdwoon’ and these steps are very
similar to that of Polya’s (1957). Therefore, i tturrent study, Polya’s four step
problem solving model will play a leading role iatdrmining the problem solving

strategies used by prospective elementary mathesrtatchers in this study.

2.4. Problem Solving Strategies

‘Making a plan’, the second step of problem solvimgcess, requires the use
of problem solving strategies and the primary foathis study is on identifying
participants’ problem solving strategies. Hence,ftillowing paragraphs will deal
with different kinds of strategies necessary fe $blution of mathematical
problems.

Hatfield and Bitter (2004) emphasize that probl@iviag strategies help
students make progress in solving more challengnehdifficult problems. They
also advise teachers to learn and use the strdtegyg problem solving. Since a
problem can be solved in different ways, probleiwisg strategies play important
role in solving process (Bingham, 1998). Finallgsidles knowing the problem
strategies, knowing how and when to use theseegieat is also important (Polya,
1957).

These strategies are logical reasoning, intelligelessing and testing, extreme
cases, accounting all possibilities, adopting tedght point of view, visual
representation (making drawing), and organizing d@harles & Lester, 1984).

Moreover, solving simpler analogous problem, wogkackwards, and finding a
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pattern are other strategies used in problem spincess (Posamentier & Krulik,
1998). These problem solving strategies are giwovbin details.

2.4.1. Logical reasoning strategy

Logical reasoning is a thinking process and it féfpdoing proofs. Without
doing algebraic operation, students use their reagdo find the answer and they do
not waste time in doing operations (Charles & Lest884). A mathematical
problem that can be solved by using logical reaspstrategy is given below
(Posamentier & Krulik, 1998, p.229).

Find all real values for x that satisfy the equatib— % = /4 —%

The traditional method begins by squaring bothssttiat requires careful
algebraic manipulation to avoid error. Howevers thioblem can be solved in a
much easier manner by using logical reasoningegiyatn the real number system,
there are only two numbers whose value equalsdahe\of their square root. These

are 0 and 1. Thereforel — % =1or4 —% =0thatisx=1o0rx = z. Then

checking these answers by substituting into thgirmal equation is necessary.

2.4.2. Intelligent guessing and testing strategy

Intelligent guessing and testirgyguessing and trying processes to check the
probable conditions (Charles & Lester, 1984). pasticularly useful when it is
necessary to limit the values for a variable to entlle solution more manageable. In
using this strategy, problem solver makes a guasbihen tests it against the
conditions of the problem (Posamentier & Krulik989. An interesting
mathematical problem that can shed light on theofiggelligent guessing and
testing strategy is given below (Posamentier & Krul998, p.182).

Find all real values of x that satisfy the equatipn

x?|x| = 8 andx|x?| = 8
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By using the intelligent guessing and testing stygf tryx = 2 andx = —2.
Thus, the solution of the problemas= 2 since it is the only value ofthat satisfies

both equations.

2.4.3. Considering extreme cases strategy

Extreme cases strategy is trying maximum and mimnoanditions by making
one variable constant then; problem solver seesethdts of each case (Charles &
Lester, 1984). The following problem can be sollsedt by considering extreme
cases strategy (Posamentier & Krulik, 1998, p.137).

There are 50 teachers’ letterboxes in Georgia Wagton High School’s
general office. One day the letter carrier deliv&fsl pieces of mail for the teachers.
What is the largest number of letters that any @aeher is guaranteed to get?

This situation can be best assessed by considexingme cases strategy
where the malil is as evenly distributed as possikies, each teacher would receive
3 pieces of mail with the exception of one teach#1o would have to receive the
151% piece of mail. Therefore, 4 pieces of mail is thest any one teacher is

guaranteedo receive.

2.4.4. Accounting for all possibilities strategy

Accounting for all possibilities refers to consiihgy all conditions or instances
to look for the most suitable one. Especially itvesm probability problems, it helps
students to see all possible events (Charles &ke$984). However, the issue of
the accounting foall possibilities is crucial in the use of this strptelf problem
solver do not have an organized procedure to at¢dounll possibilities, the strategy
often goes wrong (Posamentier & Krulik, 1998). A@mmple problem for accounting
for all possibilities strategy is given below (Posatier & Krulik, 1998, p.188).

If four coins are tossed, what is the probabilltat at least two heads will be

showing?
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The list of all possibilities:

HHHH HHHT HHTH HTHH THHH HHTT HTHT THHT
HTTH THTH TTHH HTTT THTT TTHT TTTH TTTT

The underlined events are those that have two oe e, and satisfy the given

condition. There are 11 of these, thus the requrebability is % .

2.4.5. Adapting a different point of view

Adapting a different point of views thinking of a problem from different
perspective (Charles & Lester, 1984). Studentbasically prepared to solve
problems in a single, straightforward fashion layrting that students receive in
schools. This leads to a solution, but not alwaythe most efficient way. Sometimes
it is useful for problem solver to adopt a diffar@nint of view than that to which he
or she was led initially by the problem (Posamer&idrulik, 1998). Adapting a
different point of view strategy can be used ingbkition of the following problem
(Posamentier & Krulik, 1998, p. 81).

Find the value ofx + y) if

123x + 321y = 345,
321x + 123y = 543.

When students are confronted with two equationsdbatain two variables,
they automatically revert to the process that haglit as solving them
simultaneously (Posamentier & Krulik, 1998). Howe\this leads to great deal of
complicated arithmetic computation. This problem ba solved from another point
of view. Since the specific values>ofndy are not interested, we can add the two
equations. Then, we geit44x + 444y = 888, thusx + y = 2.

2.4.6. Visual representation (Making a drawing) stategy

Visual representation strategy is drawing figuregepmetric shapes to see the
related connections in the problem easily (Chaglésster, 1984). The utilization of
this strategy is presented below (Posamentier &iKri998, p. 144).
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Given tha% of a number i%, what isg of that number?

Divide a whole unit into eight equal pieces:

Now, each of these eights must ?e

TJ1 [T ]1[T]1]1T]1
5| 5|5|5]|5|5]|]5]|5

Since, each of these eights equ?l% would be five of them, o (%) =1

2.4.7. Organizing data strategy
Organizing data is making a list of given data @keclearer (Charles &
Lester, 1984). In order to get rid of the complgxit a problem, problem solver
could rearrange the data given in the problemvirag that will enable him to solve
the problem more easily (Posamentier & Krulik, 19%8 example problem for this
strategy is given below (Posamentier & Krulik, 19p8221).
Find the value of the expression;
20—19+18—-17+16—-15+14—-13+12-11
We can group the numbers in pairs as follows:
(20—19)+ (18—-17) + (16 —15) + (14 —13) + (12 — 11)
=14+1+14+14+1=5.

2.4.8. Working backwards strategy

Problem solver begins teork backwardsvhen the goal is unique but there are
many possible starting points (Posamentier & Kruli#98). To reach starting point
of the problem, problem solver starts from the pomt of the problem and proceeds
backwards step by step then problem solver reattietstarting point of the problem
(Larson, 1983). A mathematical problem that lentskslfi to the use of working
backward strategy is presented below (Posamentkerugik, 1998, p. 17).

The sum of two numbers is 12, and the producteo$éme two numbers is 4.

Find the sum of the reciprocals of the two numbers.
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Let’s start from the end of the problem that is twia wish to find,% + % If
we compute the sum in the usual way, we Ob%%l%. Sincex + y given as 12 and

xy given as 4, the fraction becomll}és: 3 which is the answer of the problem.

If we had started to solve the problem by genegdivo equations + y = 12
andxy = 4 wherex andy represented the two numbers, we would have fouad t
values ofx andy then found the reciprocals of these two numbedsfiaually their
sum. However, solving this problem in this mansetather complicated solution
process and can be made much simpler by starting tihe end of the problem.

2.4.9. Finding a pattern (Looking for a pattern) stategy

Finding a pattern includes determining a patterextending it to discover the
answer to the question. A pattern is a systematicpeedictable repetition of
numeric, visual or behavioral data (Posamentierr&liK, 1998). A well known
mathematical problem and its solution by usingifigca pattern strategy are given
below.

How fast rabbits could breed in ideal circumstancasppose a newly-born
pair of rabbits, one male, one female, are put freld. Rabbits are able to mate at
the age of one month so that at the end of itsrgkomonth a female can produce
another pair of rabbits. Suppose that our rabbiser die and that the female
always produces one new pair (one male, one fersakry month from the second
month on. How many pairs will there be in one year?

First month, there is one pair of rabbits; in tee@d month, after one month,
the two rabbits have mated but have not given birtterefore, there is still only one
pair of rabbits. In the third month, the first pafrrabbits gives birth to another pair,
making two pairs in all. In the fourth month, thegal pair gives birth again, and
the second pair mate, but do not give birth. Tha&kes three pairs. In the fifth
month, the original pair gives birth, and the gmarn in month 3 gives birth. The pair
born in month 4 mate, but do not give birth. Thiskes two new pairs, for a total of

five pairs. In the sixth month, every pair that vadise two months ago gives birth.
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This makes three new pairs, for a total of eiglmdAo on. The total numbers of
pairs for each month are; 1, 1, 2, 3, 5, 8... respalgtshow a pattern; namely each
number is equal to the sum of the previous two remidJsing this pattern, we could
work our way up to the one year (i.e., 12 montiss} al, 2, 3, 5, 8, 13, 21, 34, 55,
89, 144... Therefore, at the end of one year thelldo@il44 pairs of rabbits.

Until now, different problem solving strategies (#, 2005; Charles, Lester
and O’ Daffe 1987; Dewey, 1933; Polya, 1962) haserbexplained briefly. In the
following part, research studies related with mathgcal problem solving strategies

mentioned above will be reviewed.
2.5. Research Studies on Problem Solving

In this part, research studies concerning proldelving were reviewed.
First, studies conducted in Turkey; later, studiesducted in other countries were

presented.

2.5.1. Research Studies Conducted in Turkey

Problem solving achievement is a prominent variablé many studies have
been conducted to investigate the effect of it @mynvariables. Moreover, there
were studies in the literature related to heusstnethods or steps of Polya. For
instance, Cagkan (2007) carried out an experimental study testigate effects of
problem solving strategies on achievement, applitabf strategy, and problem
solving performance of 77 prospective physics teehHProspective teachers in
experimental group were taught by Polya’s probleiaisg strategies. The findings
showed that teaching of problem solving strategy pasitive effects on participants’
problem solving performance and achievement inighyMoreover, findings
revealed that there was a positive correlation betwachievement and strategy
application.

In another experimental study, Yildiz (2008) inigasted the change ir"6

grade students’ problem solving abilities after meatatics instruction based on
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Polya’s problem solving steps. Fifty three studérias an elementary school in
Istanbul participated in the study. Since there m@sontrol group, it was a weak
experimental study. All students participated ia $ftudy were instructed according
to Polya’s problem solving steps. It was found thatruction based on Polya’s steps
significantly affected students’ problem solvinglitiles in a positive way. Besides,
students’ attitudes towards problem solving wer@nged in a positive way. Finally,
students’ attitudes towards mathematics were emublng the instruction based on
Polya’s problem solving steps. Researcher concltititdPolya’s problem solving
steps and problem solving strategies in problemisghwvas not difficult to apply
into problem solving. Therefore, he suggested teacto first teach those steps and
strategies and then develop proper activities oblpm solving cards to make
students solve problems with strategies by the beRolya’s problem solving steps.
In a survey study, Tére (2007) investigated sixtidg students’ knowing and
applying level of problem solving process by thilad Polya’s problem solving
steps. The sample of the study was 30 sixth gradkests from both private and
public schools. Observations, interviews and prolbédeets were used to measure
students’ level of learning and applying skillsud&nts were asked individually how
they solved problems and which steps they appbegroblem solution in the
interviews. Although students in public schoolslexgd making a plan for problem
solving process as an obligation for a correcttgmiyin application it was seen that
most of the students did not use the steps angiea in their sheets. As a result,
50% of the students in urban public schools sottiedoroblem correctly. However,
20% of the students who did not make a plan oogitational mistakes did not
solve the problems completely. The other findingesded that 30% of the students
checked the solution. The students who realizetakes in checking process could
make some corrections. The reason why the most¢stsidnade mistakes in problem
solving process was that most students did nogftantion to Polya’s first step of
reading and understanding of a problem. The lasirig addressed that when

students wrote a similar problem, they did notthsecreativity for posing a
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problem. The study suggested that when problemrgpjwocess was internalized,
most students solved problem correctly.

Some studies have also been conducted to examamel#tionship of various
variables with problem solving achievement. Fotanse Karagilan (2009)
conducted a correlational study to examine theicgiship between®grade
students’ problem solving achievement scores afierpleting instruction on
problem solving and their mathematics achievembtdined throughout the
semester. In addition, the researcher investightedelationship betweer'@rade
students’ problem solving achievement scores afierpleting instruction on
problem solving and their actual mathematics scob¢gined from Level
Determination Exam (SBS). Sample of the study ctediof 170 sixth grade
students from a private school in Istanbul. Inghely, Problem Solving
Achievement Tests (PSATSs), Mathematics Achieveriests (MATs) and SBS
exam were used as data collection tools. Quanitatiethods were utilized to
examine the research questions and the resulte attatistical analysis showed that
there was a significant positive correlation betwstidents’ problem solving
achievement scores after completing instructiopmblem solving and their
mathematics achievement mean scores obtained thwatithe semester. In addition,
the findings of the analysis showed that there avagnificant large positive
correlation between the problem solving achieverseates after completing
instruction on problem solving and students’ actnathematics scores obtained
from SBS. Thus, the researcher suggested thatignpattance should be given to
problem solving instruction as it was mentionethi@ new curriculum. In order to be
successful in exams like SBS, problem based instruevould be necessary.
Moreover, teachers should avoid traditional metheligh students would solve
hundreds of questions and memorize the solutionatagrious particular questions.

There were also studies in the literature whislkestigated the usage of
problem solving strategies by prospective teacaedsby elementary students. For
instance, Altun, Memnun and Yazgan (2007) examiiiprospective primary

teachers’ problem solving strategies. Problem sglgirategies considered in this
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study were ‘making a systematic list’, ‘guess ahdak’, ‘drawing a diagram’,
‘looking for a pattern’, ‘looking for a pattern‘working backwards’, ‘simplifying the
problem’ ‘writing an equation’ and ‘reasoning’. Pesst results showed that,
prospective teachers most frequently used ‘wrieingequation’ and ‘drawing a
diagram’ but less frequently used ‘looking for dtpan’ and ‘guess and check’.
‘Looking for a pattern’ was also reported as trestdrequent strategy used by
elementary students in the studies of Arslan ardnA(2005) and Yazgan (2007).
The post-test results of the study showed thaetivas a significant decrease in use
of ‘writing an equation’ and increase in use offathblem solving strategies except
for ‘reasoning’. They stated that further reseawdh large groups concerning
prospective teachers was needed.

Later, Altun and Memnun (2008) conducted an expenia study to
examine 61 prospective elementary mathematics éesighroblem solving
strategies. Experimental and control groups wemaéa and a problem solving
strategy instruction was given to experimental grdn addition to problem solving
strategies considered Altun, Memnun and Yazgard8{2study, ‘making a table’
was also included in this study. Pre-test reshitsved that ‘writing an equation’ and
‘drawing a diagram’ were the most frequent straegised by prospective teachers.
This result was in line with that of Altun, Memnand Yazgan’s (2007) study.
However, ‘looking for a pattern’, ‘making a tabl&easoning’ and simplify the
problem’ were the less frequent strategies usgarbgpective teachers. The post-test
results of the study showed that there was a stginf decrease in use of ‘writing an
equation’ and increase in use of all problem sgj\trategies considered in this
study. This result was also in line with Altun, Meam and Yazgan'’s (2007) study.
Thus, pre and post test results showed that progpdeachers developed their
problem solving skills and they used more strategiéer problem solving
instruction (Altun & Memnun, 2008; Altun, Memnun€azgan, 2007). Researchers
suggested that prospective teachers should addsugport the educational reform

studies congruent with the content of the preserlys
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Recently, Duru, Peker, Bozkurt Akgiin and Bayrak@ai.1) conducted a
survey study to investigate prospective primarystheachers’ problem solving
skills and their preferences of problem solvingt&gies in solving mathematical
word problems. Participants of the study were 2@3pective primary school
teachers enrolled in teacher education progrartitg@e universities. As a data
collection instrument, researchers developed alpmoisolving test consisting open
ended word problems which could be solved by uatrigast two problem solving
strategies. In solving problems, prospective teechere free to use any strategies
that they would like to use. Strategies used bgpeotive teachers in solving the
problems were identified and categorized and tha ware analyzed by using
descriptive statistics. The results showed thasgeotive primary school teachers
were able to use various strategies, such as aligetirategy, arithmetic strategies,
use a model for solving of the word problems.

When studies considered in the literature, it veenghat there were also
studies investigating the elementary students’ @sdgroblem solving strategies.
For example, Israel (2003) conducted a surveyvestigate 8 grade students’
problem solving strategies in terms of achievenh®rdls, socioeconomic status, and
gender. The results showed that students’ with bhagfhevement levels used problem
solving strategies more efficiently, whereas thesowith low achievement levels
used strategies that did not contribute to thetgwlwf the problem. In addition,
students with low socioeconomic status preferregsincorrect strategies more, on
the other hand, students with average and higlveocchomic status preferred to use
convenient strategies needed for the solution ablpms. Finally, the study revealed
that boys and girls used similar strategies.

There were also experimental studies concerningesiéary students’ use of
problem solving strategies. For instance, YazgahBintas (2005) used an
experimental design to examin8 d@nd %' grade students’ learning and using of
problem solving strategies. In this study, simptifythe problem, guess and check,
looking for a pattern, making a drawing, making/atematic list, and working

backwards were considered as problem solving giegteln this study while control
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group students continued to follow the regular reatatics curriculum, experimental
group attended to problem solving lessons. Eighpeeblem solving lessons were
given to the students and in the first twelve lesssix problem solving strategies
were explained to the students. In the remainirdesisons, students worked on
problems that can be solved by using different j@mbsolving strategies. Pre-test
results showed that, some of problem solving sgrasecould not be used by
elementary students. In more details, guess antkarel making a systematic list
were not used bygrade students and making a drawing was not ugé&t! grade
students. The post-test results showed that, stsidesage of all problem solving
strategies was increased and the differences wgrdicant for strategies
simplifying the problem, working backwards, and ingka drawing for both grade
levels and making a systematic list for onfydrade students. The researchers
suggested that in order to increase students’ padioce, non-routine problems
should be emphasized more both in textbooks amdegitary mathematics
programs.

Similarly, Arslan and Altun (2007) aimed to invegstie whether problem
solving strategies could be learnt Byand & grade students. In this study,
simplifying the problem, guess and check, lookiogd pattern, making a drawing,
making a systematic list and working backwards veeresidered as problem solving
strategies. Students were assigned to experimantaintrol group. While control
group students continued to follow the regular reatatics curriculum, experimental
group attended to problem solving lessons. Severmirssblem solving lessons were
designed by researchers to teach mathematicalgmodblving strategies. After an
introduction and explanation of the concept of peabsolving in the first lesson,
systematic acquisition of Polya’s problem solvimggess took place in the following
six lessons. These six lessons were devoted tedfiggproblem solving strategy
and students worked on a problem to learn how écthat strategy. In order to
determine student’s problem solving strategiegehrarallel problem solving tests
including ten items were administered as pre-festi-test, and retention. The results

of the study showed thal"frade students were able to use all problem splvin
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strategies except for looking for a pattern afigjgade students could use all
strategies except for looking for a pattern andkivay backwards. Thus, Arslan and
Altun (2007) concluded that looking for a patteaquld not be used by elementary
students in both grade levels. After the treatmsmients’ usage of all problem
solving strategies increased except for guess laeckdn 7" grade. In more details,
researchers found that there were significant diffees between pre-test and post-
test results for both grade levels regarding thegesgy of simplifying the problem in
addition to working backwards and looking for ateat strategies which could not
be used in the pre-test by elementary studentsrddudts of these two studies
(Arslan &Altun, 2007; Yazgan & Binta 2005) have similarities. For instance, in
both studies there were significant difference leetvpre-test and post-test results
regarding the use of simplifying the problem andkiw backwards strategies by
elementary students. Arslan and Altun (2007) sttatthe content and objectives
of the elementary mathematics program should bhiseé\by taking into
consideration non-routine problems and the acguoinsdf the problem solving
process and strategies regarding the age and cenueedf the children. They also
added that the learning environment should be dedipetter by taking into account
the progress of social interaction based on smallvéhole group discussions.

In another experimental study, Sulak (2010) inged&d second grade
primary school students’ problem solving strategiesng 14 weeks. The
experiment group has been trained about problewngps$trategies while the control
group continued with traditional problem solvinggtices. The data of the study
were obtained from the two written problem solviagts including open-ended
problems. Moreover, qualitative interviews wereawcted to provide explanation of
students’ solutions and strategies. The resultseétudy showed that experimental
group students were significantly successful inafsgrategies; ‘making a drawing-
diagram’, ‘making a table’, ‘writing mathematicargences’, ‘looking for pattern’,
‘making a list’, ‘using logical reasoning’ and ‘ggsecheck’ strategies than control
group students. The researcher recommended tlirggushould be provided the

opportunity to learn problem solving strategiesnathematics courses since
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strategies would have significant impact on probsiving achievement. Moreover,
she concluded that teachers should be patient giecgcquisition of problem
solving strategies would take some time for seqmade students.

Unlike previous studies, Yazgan (2007) conductgdatitative study to
examine & and %' grade students’ ability to use problem solvingtstgies. The
results of the study pointed out that studentdyeased ‘guess and check’, ‘working
backwards’, ‘making a drawing’ and ‘making a sysédialist’ strategies; however,
students faced with difficulty when using ‘simpilifig the problem’ strategy in
addition to ‘looking for a pattern’ that could rme used by "7 and &' grade students
in Arslan and Altun’s (2005) study. Yazgan (200dgommended that authors should
give more weight to non-routine problems and taisoh strategies when writing
textbooks. Moreover, she suggested that teachetddshse different sources in

teaching problem solving strategies in additiotetdbooks.

2.5.2. Research Studies Conducted in Other Countse

International research studies regarding problerirgpstrategies similarly
focused more on elementary students (e.g., Chérlesster, 1984, Ishida, 2002;
Lee, 1982;), however; few studies were conducted priospective teachers (e.qg.,
Capraro, An, Ma, Rengel-Chavez & Harbaug, 2011 Stadies conducted in other
countries will be reviewed in two main parts. Fisgtudies concerning prospective
teachers’ usage of problem solving strategiesh@lpresented then elementary
students’.

In a qualitative study, Capraro, An, Ma, Rangel-@&zand Harbaugh (2011)
aimed to illuminate the types of strategies prospedeachers valued most in
solving an open-ended problems and how they waxithen their solutions to
middle school students. The participants were juleieel students who were
enrolled in the Middle School Problem Solving caurEhe participants were
administered an open-ended triangle task whichftxaidunique solutions. A semi-
structured interview was conducted with prospediaehers after completing the

task. The results showed that each participarmnmesway or another used a guess
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and check strategy. Most participants solved tioblpm by starting from random
combinations of numbers and some were able todquaterns throughout the
process. Moreover, prospective teachers were likelise a random guess and check
strategy when working with middle school studeatber than a more systematic
approach. Despite being employed as a primaryestyathere existed
misapplications of guess and check as a systepratdem solving activity. Some of
the participants treated this strategy as ‘randassg and try’. The misuse of this
strategy was explained as one of the key reasahsitime of the participants
obtained all four possible solutions. The guesdmaged on randomly trying each
number into each blank not only was a tirmestiming process but also was a
mentally energy-consuming process. Although igipents suggested some
methods in teaching and explaining this pEoblfor students such as using
manipulatives, technologies, and making connedtiibh real life context, they

failed to provide effective thinking strategiestthauld clearly allow students to
grasp the key idea of the problem. By implementimg strategy incorrectly and
incompletely, prospective teachers might be lig®dyl to help their future students
become aware of efficient strategies in solvingmepeded problems. Finally, the
researchers suggested that in order to preparpgutdge teachers to effectively
teach problem solving in mathematics, teacher édeseahould pay more attention
to the mathematical proficiency of prospective tess, particularly to their ability to
solve problems and explain their solutions andaeiag).

In another qualitative study, Ishida (2002) aimeeéxplore elementary's
grade students’ strategy preferences in solvindnemaatical problems. Moreover,
the students were asked to explain the best syrédeghe two word problems and to
explain whether their solution strategies couldrberoved. Subjects were twelve
6th grade students who have been taught problermgditrategies for four years.
During this period, the students have learned s¢gtmrategies: ‘guess and check’,
‘draw a diagram’, ‘make a table’, ‘find a pattermake on organized list’, ‘solve a
simpler problem’ and ‘working backwards’. The intiews conducted were audio

taped and students’ works were collected. Data weatyzed based on the protocol
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and students’ answer sheets. The results revdaeadlt students were able to solve
both problems correctly and most of them had mioae bne solution strategy for
each problem. ‘Make a table’ was the strategy rfreguently selected as best for
the first problem, whereas ‘finding a pattern’ veatected for the second problem.
The common reasons that students gave for selatingfrategy were that the
method enabled them to get an answer quickly ariefitly, that it was easy to use,
and that it was easy to understand. Students mdistlyot state whether their
solution strategies could be improved by usingffeidint solution strategy. Even
those students who selected the ‘make a tabldirat & pattern’ strategy from the
viewpoint of efficiency were not aware that theiettmod could be improved. This
showed that students were not aware of how to ingptioeir chosen strategies to
increase their efficiency, generality, and simpjicirhe research results suggested
that students should gain a better mathematicélgmo solving behavior. Moreover,
to improve students’ problem solving ability, theseded to learn the value of
improving a solution method from a mathematicahpoi view, and also how to do
So.

In an experimental research study, Lee (1982) iieted whether
graders can acquire specific heuristics and use #propriately, and effectively to
become better problem solvers. There were six8arade students for the study
and the students were randomly assigned into teopg of 8 students each, one
experimental group and one control group. Whileethgerimental group had 20
problem solving sessions of 45 minutes each oweeéks, the control group
attended their regular classes. The specific phases adapted from Polya (1957)
were; ‘understanding the problem’, ‘making a placarrying out the plan’ and
‘looking back’. Students’ problem solving strategjidentified in ‘making a plan’
phase were; ‘drawing a picture’, ‘making a chartalre’, ‘considering special
cases’ and ‘looking for a pattern’, ‘consideringeaondition and combining the
second condition’ and ‘considering a similar problgolved before’. After the
treatment, experimental group students were aldelexrt an appropriate strategy

and use them effectively in most cases. Howevensiering one condition and
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then adding the second condition’, ‘consideringcggdecases’ and ‘looking for a
pattern’ strategies were the most difficult onesstoidents to apply. Post-test results
revealed that, experimental group students weretaldolve 73% of the problems
successfully whereas; control group students csoiek only 6% the problems.
Despite this, control group students were ableseosome of the strategies
considered in this study.

In another experimental study, Charles and L¢4@84) developed the
Mathematical Problem Solving (MSP) program in oridecompare the problem
solving performance of students who participatetheMPS program to that of
students in control group. This program has proohtite learning of problem-
solving strategies and emphasized solving problémeddition, it focused on each
phase of Polya's (1957) four-phase model of proldelving and emphasized the
development of students’ abilities to select arelaigariety of strategies. Twelve
fifth-grade and 10 seventh-grade teachers implesdeihe MPS program for 23
weeks. Eleven fifth-grade and 13 seventh-gradentgadaught control classes.
During the implementation of MPS, problems thatlddae solved by using one or
more strategies were administered to students.el$testegies were: ‘guess and
check’, ‘draw a picture’, ‘make an organized listhake a table’, ‘look for a
pattern’, ‘work backwards’ and ‘use logical reaswi The results of the study
showed that the experimental classes scored signtfy higher than the control
classes on measures of ability to understand prahlplan solution strategies, and
get correct results. The findings across gradddewvere very consistent. That is, the
findings at grade 5 were generally held for grades vell. This observation
suggested that the effectiveness of the MPS mighb@ unique to a single grade
level. Researchers stated that this study repredemtly a small step toward the
development of a useful body of information abamiviio provide effective
problem-solving instruction and anticipated thatha near future several more steps

would be taken in the direction of this importanal

29



2.6. Summary of Literature Review

In this chapter, literature review of the currstutdy was presented. First,
problem, problem solving and problem solving sggteoncepts were defined. Then,
approaches to problem solving instruction were @xpld. Finally, research studies
on problem solving were reviewed through the stid@nducted in Turkey and in
other countries.

Problem solving has been a prominent concept thenaatics education and
many studies have been conducted to investigateftbet of either problem solving
strategies or problem solving steps on problemisglachievement. The results of
these studies revealed that teaching problem gpstiategies or problem solving
steps had a positive effect on students’ problewirsgpachievement (e.g., Csitan,
2007; Yildiz, 2008). Moreover, problem solving stigy instruction increased
elementary students’ (e.g., Arslan & Altun, 200ha@es & Lester 1984; Lee, 1982;
Sulak, 2010; Yazgan & Bing§a2005) and prospective teachers’ (e.g., Altun,
Memnun &Yazgan 2007; Altun & Memnun 2008) use dfatent problem solving
strategies.

Several studies examined elementary studentspeogpective teachers’
problem solving strategy preferences in solvingheatatical problems (e.g.,
Capraro, An, Ma, Rengel-Chavez & Harbaug, 2011uDRBeker, Bozkurt Akgin
and Bayrakdar, 2011; Ishida, 2002; Israel, 200&géa, 2007). The results of these
studies showed that elementary students and pridspéeachers preferred to use
several problem solving strategies such as guekslatk, making a drawing,
making a systematic list, and working backwardser&fore, it seemed that students
and prospective teachers did not depend on onecopitedominant strategies in
solving problems.

Overall, problem solving research literature shdweat a large body of
research was conducted to investigate elementadsts’ problem solving
strategies (e.g., Arslan & Altun, 2007; Charles éster, 1984; Ishida, 2002; Israel
2003; Lee, 1982; Sulak, 2010; Yazgan & Bi2805; Yazgan, 2007) where only
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few studies focused on prospective teachers’ ugeatlem solving strategies.
Especially, in Turkey, studies regarding prospecteachers’ problem solving
strategies are rather limited (e.g., Altun & MempR008; Altun, Memnun
&Yazgan, 2007). This study attempted to examinspective elementary
mathematics teachers’ use of the problem solviradesties while solving
mathematical problems before their graduation ftoenteacher education program
in order to provide insights for both policy makarsl mathematics educators.
Besides, the study examined prospective elementatigematics teachers’

achievement in problem solving in terms of yeaelsv
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CHAPTER 3

METHOD

The main purpose of this study was to investigatspective elementary
mathematics teachers’ use of strategies in mathemhatoblem solving. This study
also examined prospective elementary mathematchées’ problem solving
achievement in terms of their year level in thekhes education program.

This chapter explained the research design angrdeedures used in the
study in eight main parts. In the first two padsgerall research design and the
sample of the study were explained respectivelyhénthird part, the test
construction process was explained and detailedtrirdgtion about the test items was
given. In the fourth and fifth part, the data colien procedure and data analysis
procedure were explained respectively. Finallyakelity and validity issues were
given in the sixth part and threats to internal argbrnal validity were explained in

the seventh and eighth parts respectively.
3.1. Research Design

The main purpose of this study was to investigabsgective elementary
mathematics teachers’ use of strategies in mathegthatoblem solving. In cross

sectional surveys, data are collected from a saatglest one point in time (Fraenkel

& Wallen, 2005). In the current study, data regaggrospective elementary
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mathematics teachers’ problem solving strategias wathered one point in time
through Problem Solving Test (PST), therefore thggh of the study could be
considered as a cross sectional survey. A sumniaryevall research design is

presented in Table 3.1 given below.

Table 3.1. Overall Research Design of the Study

Research design Cross-sectional survey

Sampling Convenience sampling

Instrument Problem Solving Test

Data collection procedure Direct administrationtted PST to 250 prospective teachers at

a university in their classroom setting within 4thates

Data analysis procedure Descriptive statisticsigemd based in-depth analysis

3.2. Population and Sample

The target population of the study was all prospealementary mathematics
teachers in Central Anatolia Region and accesgpityeilation was all prospective
elementary mathematics teachers in a city of #ggon. As it would be difficult to
reach all prospective elementary mathematics teachéentral Anatolia,
convenient sampling method was preferred. Prospgeetementary mathematics
teachers studying at a state university in Cedtnatolia at all year levels of the
Elementary Mathematics Education (EME) program ttuted the sample of the
study. The distribution of participants’ demograpimformation with respect to year

level and gender is given in Table 3.2.

Table 3.2. Distribution of Gender with respect teaY Levels

Freshmen Sophomores Juniors Seniors Total
Male 13 (5.2%) 27 (10.8%) 17 (6.8%) 18 (7.2%) T0%3
Female 58 (23.2%) 39 (15.6%) 44 (17.6%) 34 (13.6%) 175 (70%)
Total 71 (28.4%) 66 (26.4%) 61 (24.4%) 52 (20.8%)250 (100%)

33



It can be understood from the table that, 30% Igbatticipants were males and
70% were females. Moreover, the distribution ofesand females changed in
different year levels. Table 3.3 presents the asurslated to mathematics and
pedagogy that were offered by the EME programsaage university (Turkish
Council of Higher Education, 2011).

Table 3.3. Courses Taken by the Prospective EleaneMathematics Teachers

Fall Semester Spring Semester

First Year General Mathematics Geometry

Introduction to Education Discrete Mathematics
Educational Psychology
Second Year

Linear Algebra | Linear Algebra Il

Calculus | Calculus Il
Scientific Research Methods Inst. Tech. and Mat&evelopment

Teaching Methods and Principles

Third Year

Fourth Year

Introduction to Algebra
Statistics and Probability |
Analytic Geometry |
Calculus 11l

Special Teaching Methods |

Elementary Number Theory
Counseling
School Experience
Classroom Management

Special Education

Differential Egions

Statistics and Prolitgh|
Analytic Geometry |
Measurement and Evaluation

Special Teaching Methbd

Practice Mieac
Turkish Edu. Syst. and School Manage.

As it can be seen from Table 3.3, EME program meguireshmen to take
basic mathematics and pedagogy courses. In thedeear of the program,
prospective teachers took approximately equal nummbeathematics and pedagogy

courses; whereas, the number of third year mathesnadurses were far more than
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the number of pedagogy courses. In addition, aétiaeof the third year, prospective
teachers completed all required mathematics coesssept for one course. Special
Teaching Methods | and Il courses were also takehe third year of the program.
The fourth year courses were all pedagogy-relabedses and there was very little
emphasis on mathematics courses. To sum up, thberwwhmathematics courses
were more in the first three years; however, thetfoyear courses were mainly
related to pedagogy. Data was gathered from pragspezlementary mathematics

teachers at all year levels of the EME progranmatend of the fall semester.

3.3. Data Collection Instrument

In order to determine problem solving strategied tiere used by
prospective elementary mathematics teachers imngphaathematical problems, a
Problem Solving Test (PST) was implemented. PSnstevere adapted from the
book “Problem Solving Strategies for Efficient and Eleg@alutions: A Resource
for the Mathematics TeachergPosamentier & Krulik, 1998). The following
problem solving strategies were examined in detahis book: (1) working
backwards (2) finding a pattern, (3) adopting &dént point of view, (4) solving a
simpler, analogous problem, (5) considering extreases, (6) making a drawing,
(7) intelligent guessing and testing, (8) accounfor all possibilities, (9) organizing
data and (10) logical reasoning. Each strategytlagid application to everyday
problem situations were described and then examyses presented in the book.

Posamentier and Krulik (1998) stated that the etias selected in the book
were not the only ones available, but they represethose most applicable to
mathematics instruction in the schools. Moreoveythmphasized that, it was rare
that a problem could be solved using all 10 stiategnd it was equally rare that
only a single strategy could be used to solve argwoblem. Rather, a combination
of strategies would most likely occur when solviangroblem. They advised to
become familiar with all the strategies and to digyeroficiency in using them

when appropriate. Thus, in the selection of thélems for the study, it was
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considered that, problems could be solved by usitingr one or more than one
problem solving strategy-or that reason, each strategy in the book wasredvand
problems were examined. Problems which were coreideest suitable for the
usage of specific problem solving strategy weréuhed in the PST. Table 3.4
presents the PST items and problem solving stedeghich were suggested to be
used to solve those items by Posamentier and K{L4R8).

Table 3.4. Problem Solving Test Items and Problelaifg Strategies

Selected Items for PST Total
Problem Solving Strategies Number
1 2 3 4 5 6 7 8 9 10 of PSS
Working backwards X 1
Finding a pattern X X X X 4
Adopting a different point of view X X X 3
Solving Simpler Analogous Problem X 1
Considering Extreme Cases X 1
Making Drawing X X X 3
Intelligent Guessing And Testing X 1
Accounting For All Possibilities X X 2
Organizing Data X X X X 4
Logical Reasoning X 1

Posamentier and Krulik (1998) suggested one or maltgions for each
problem. For example, they suggested using a catibmof accounting for all
possibilities, organizing data, and logical reasgrstrategies to solve Item 1. In
order to solve Iltem 2 and Item 3, using intelliggaéssing and testing, and adopting
a different point of view were recommended respetyi

In order to solve Item 4, Posamentier and Kruli®@98) suggested seven
different solution methods including making a dnagviaccounting for all

possibilities, adopting a different point of viefnding pattern, and organizing data
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strategies separately. Sixth possible solutionaeasbining solving simpler
analogous problem, making drawing, organizing datd, finding a pattern strategy.
Last one was applying the combination formula withasing a problem solving
strategy defined in the book.

Item 5 and Item 8 could be solved by using worlbagkwards and
considering extreme cases respectively and makdrgwing could be used in the
solutions of both Item 6 and Item7. Finally, Itensc&uld be solved by using a
combination of finding a pattern and organizingadstrategies. The selected items
for the PST were either translated or adapted t&iSl, as all selected participants’
native language was Turkish. The adapted or treetslaersions of items were

presented in the following section.

3.3.1. Translation and Adaptation of the Items

Some items of the problem solving test were traedland some were
adapted into Turkish by the researcher. Then, & @dited on clarity and grammar
by an expert of Turkish language and literaturextNe Turkish version of the
problem solving test was given to four doctoratistuts having mathematics
background to evaluate the translated items anolgmres in terms of content and
clarity. According to these criticisms, the problsolving test was revised and
necessary changes were made on the unclear instrasieind mathematical
vocabulary. After the translation and adaptatiorcpsses, the first draft of the
problem solving test was given to two mathematdigcators working in the
Department of Elementary Education at METU to eatdwalidity and clarity of the
instrument. Necessary revisions were made on gteument based on the
feedbacks. Table 3.5 represents the English ankisfuversion of translated items
(tems 1, 2, 3,4, 6, 8,9, 10 and 11).
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Table 3.5. Translated Problem Solving Test Iltems

Item English Version of Test Items Turkish VersafiTest Items

1 If a andb are both integers, how manyive b tam sayl olmak uUzere?+h% =10
ordered pairga, b) will satisfy the equation denklemini sglayan kac farkli(a,b) sirali
a® +b?=10? ikilisi vardir?

2  The sum of an integer, its square, and iBr sayinin  kendisinin, karesinin  ve
square root is 276. What is the integer?  karekokunin toplami 276 olguna gore bu
sayl kactir?

3 What is the greatest value of the expressi&irbirinden farkl a, b, ¢, d sayilarinin her biri
ab +bc+cd+ad if a b, candd have 1, 2, 3, 4 dgerlerinden herhangi birisini
values 1, 2, 3, and 4, but not necessarily &imak kguluyla ab + bc + cd + ad
that order? ifadesinin alabilecs en buyikdeser kagtir?

4 In a room with 10 people, everyone shakd® kisinin bulundgu bir odada, her bir ki
hands with everybody else exactly onceliger tim kiilerle yalniz bir kez el sikirsa,
How many handshakes are there? toplam kag kez el sigmasi olur?

6 Mr. Lohengrin saw a row of swans on @&hmet gdlde tek sira halinde gu toplulusu
lake. In front of two swans, there were twgdrmektedir. Ahmet herhangi iki Eunun
swans. Behind two swans there were twininde iki kgu oldusunu ayrica herhangi iki
swans, and between two swans there weresunun arkasinda da iki Bu oldusunu
exactly two swans. What is the minimunsdylemektedir. Son olarak da iki gunun
number of swans Mr. Lohengrin could havarasinda da iki ktu oldwgunu séylemektedir.
seen?” Ahmet golde en akac kgu gérmektedir?

8 In a drawer, there are 8 blue socks, 6 greBir cekmecede 8 mavi, 6 §ikve 12 siyah
socks, and 12 black socks. What is thgorap bulunmaktadir.__Coraplara bakmamak
smallest number that must be taken from thartiyla gekmeceden en dza¢ corap alinirsa
drawer without looking at the socks to bayni renkteen az 2 ¢orap elde edilgrolur?
certain of having 2 socks of the same color?

9 WhatisthesumofPl+ 2+ F+ £ +... + 13423433443 +...4934103 toplama
9°+ 10?7 isleminin sonucu kactir?

10 Find the numerical value of the expressic@ _ 1) . (1 _ 3) _ (1 — L) (1 — L)
4 9

(1 - %) ' (1 - %) . (1 - i) ( - i) carpmagleminin sonuéa kactir? e

11  Find the units digit for the sum32> + 1325 4 481 4 5411 toplaminin birler
481 4 5411 basamaindaki rakami kagtir?
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Item 5 and Item 7 were adapted into Turkish, sofioect translation of these

items would not be in the cultural context for grespective teachers. The items

were adapted in the way they were commonly usddirkish mathematics books.

Table 3.6 below presents the adapted problem gpteist items (Items 5 and 7).

Table 3.6. Adapted Problem Solving Test Items

Item

English Version of Test Items Turkish VersmfiTest Items

5

Nancy breeds New Zealand rabbits for Babasi Age’ye Nisan ayinin banda belli
hobby. During April, the number of rabbitssayida tayan almstir. Ayse’nin tawanlarinin
increased by 10%. In May, 10 new rabbitsayisi Nisan ayinin sonunda %210 agtmi
were born, and at the end of May, Nancy soMayis ayinda 10 tgan d@gmustur ve Mayis

3

rabbits were born, and at the end of ‘]ungatmg;tlr Haziran ayinda 20 tsan daha

. raalogml,stur ve Haziran ayinin sonunda ggy
July, 5 rabbits have been born, and Nan? wanlarinin yarisini  satgiir. Temmuz

now has 55 rabbits. How many rabbits di yinda 5 tasan daha dgunca Age’nin

Nancy start with on April 12 toplam 55 tayani olmytur. Buna gore,
babasi Aye'ye Nisan ayinin bhanda kag
tawan almstir?

A local pet owner just bought her holidaxanan’in bahcesinde tganlari ve tavuklari
supply of baby chickens and baby rabbitsardir. Canan bahcgesindeki toplamstv ve
She does not really remember how many tdvuk sayisinin 22 olgwnu soylemektedir.
each she bought, but she has a system. Stasan ve tavuklarin toplam ayak sayilarinin
knows that she bought a total number of Z6 oldgunu belirten Canan’in bahgesinde
animals, a number exactly equal to her agea¢ tane tagani ve kag tane tagu
Furthermore, she also recalls that the animdslunmaktadir?

had a total of 56 legs, her mother's age. How

many chickens and how many rabbits did she

buy?

3.3.2. Pilot Study

Pilot testing is important in survey studies tabssh the construct validity

of the instrument, which means whether the itemasuee the construct they are

intended to measure, and to ensure that the inisins¢ questions, format, and scale

items are clear (Creswell, 2003). In the presamtystone pilot testing was put into

practice. In order to be similar and representatvine potential respondents, the

sample of pilot study was chosen as prospectivaeeatary mathematics teachers
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from another university in Central Anatolia. Eley@oblem solving test items were
administered to 77 freshman and sophomore prospeesiémentary mathematics
teachers studying at Aksaray University. The imsgat was directly administered to
the participants during their geometry and calclggsons with the permission of
their instructors and it was indicated that thairtigipation was voluntary. The
implementation took nearly one hour. Since one s not sufficient to solve the
problem solving test, it was decided to exclude esdems from the tesBome item
wordings were changed in order to make items moderstandable. Moreover, the
pilot study showed that some of the items were ndsustood by the prospective
elementary teachers. These misunderstood itemsrexasxved and clarified.

Table 3.7 presents the final version of PST itehine table also shows the
problem solving strategies which Posamentier andilkK(1998) suggested to be

used for solving each of the items.

Table 3.7. Problem Solving Test Items and Problelaifg Strategies

Selected Problems for PST Total
Problem Solving Strategies (PSS) Number
1 2 3 4 5 6 7 8 9 4pss
Working backwards X 1
Finding a pattern X X 2
Adopting a different point of view X X 2
Solving Simpler Analogous Problem X 1
Considering Extreme Cases X 1
Making Drawing X X X 3
Intelligent Guessing And Testing X 1
Accounting For All Possibilities X X 2
Organizing Data X X X 3
Logical Reasoning X 1
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3.4. Data Collection Procedure

The last version of the problem solving test wasiadstered to 250
prospective elementary mathematics teachers stg@yia state university in Central
Anatolia during their regular class session. Betbeeadministration of the
instrument, ethical approval was granted from MERé&search Center for Applied
Ethics. Besides, the permissions of the relatetuators were taken via submitting
the sample instrument and a summary of the purpbes study before the
implementation date.

The purpose of the study was explained to theqpatnts before they started
responding to the items in the test. Prospectiaehters were informed that
participation was voluntarily and it would not résuegatively if they would not
want to contribute to the study. In addition, itsadeclared that all their responses
would be kept completely confidential and wouldyolpé used for the study.
Administration of PST took approximately 40 minut€ke instrument was directly
administered and collected from freshman, sophonj@nér, and senior prospective

teachers once in a time and the data collectioogolare took about two weeks.

3.5. Data Analysis Procedure

The statistical analyses were done by using statigiackage for the social
sciences program (SPSS 18.0). The data obtaine istudy were analyzed in two
parts. In the first part, descriptive statisticsswged. The number of prospective
teachers and descriptive statistics such as, nséamjard deviation, skewness,
kurtosis, minimum and maximum scores of prospedtaehers in the problem
solving test for each year levels were presentectt,Mll participants’ mean scores
and standard deviations for Item 1 to 9 were cateul.

In the second part of the data analysis, prospetdachers’ uses of problem
solving strategies were determined by analyzindp gaospective teacher’s solutions.

The research data were analyzed according to ti#gmn solving strategies
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suggested by Posamantier and Krulik (1998). Thguieacies and percentages of
problem solving strategies used by prospective efg¢ary mathematics teachers
were gathered for each item.

The problem solving strategies used by participagi® coded according to
the definitions given by Posamentier and Krulikq&® For each problem, the
strategies used by the participants were listed.définitions of the strategies based

on the descriptions of Posamentier and Krulik ()98 given in Table 3.8.

Table3.8. Definitions of the Problem Solving Stgis

Problem solving strategy Definitions of the Stragsg

Working backwards Problem solver reverses the stegigproduced an end result
which can lead to the required starting value.

Finding a pattern Problem solver tries to find I r pattern to explain the
situation and solve the problem according to theepa

Adopting a different point of view  Problem solvetogts a different point of view than the one
which he or she was initially led by the problem.

Solving a simpler, analogous Problem solver tries to solve a simpler problerfigare out
problem the solution of the original problem.
Considering extreme cases Problem solver considersxtreme cases of the variables

that do not change the nature of the problem.

Making a drawing (visual Problem solver draws a figure or diagram to visuaedpresent
representation) the given data in the problem.
Intelligent guessing and testing Problem solveresak guess and tests it against the

conditions of the problem, and the next guess sethaipon
the information obtained from the previous guess.

Accounting for all possibilities Problem solveresito list all the possible conditions in the
problem and evaluate or check each condition t tfre one
that suits the aim of the problem. The listing dticae
organized to account all of the possibilities.

Organizing data Problem solver organizes the giata in a table or a through
a systematical listing.

Logical reasoning Problem solver uses logical reagp
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The coding procedure was made both by the reseamodeby a mathematics
education doctoral student. Later, the codings wempared to each other to reach
an agreement. A full agreement between the codlnge by the researcher and the

second rater was reached at the end.

3.6. Reliability and Validity Issues

Reliability refers to the consistency of scoresagi@d from the instrument
(Fraenkel & Wallen, 2006). In this study, interemateliability was used as an
evidence for reliability. Inter-rater reliabilitg the degree of agreement among
raters and it gives a score of how much consesssigpplied by raters which is
called scoring agreement (Fraenkel & Wallen, 20868)mentioned before, inter-
rater agreement between the researcher and themmatils education doctoral
student were evaluated and it was found that thesenearly 100 % agreement
between the two ratings.

Validity refers to appropriate, meaningful, cotreand useful interpretations
of any measurement (Fraenkel & Wallen, 2006). Thus,about the goal of the test
and what it measures. To establish construct vglafithe measuring instrument,

two mathematics educators working in the DepartroéBiementary Education at
METU with doctoral degree examined the test iterith vespect to the table of
specifications. Table of specification presentsRBS items and problem solving
strategies which were suggested to be used to gubge items by Posamentier and
Krulik (1998) (see Table 3.7). In addition, iterhaitt were translated into Turkish
were checked by one instructor from the Departroéfiurkish Language and
Literature before the administration of the instamso that the test items would be
eliminated from ambiguities to a great extend. Mwer the appropriateness of items
to the year level, representativeness of contehépelected items, the
appropriateness of the format such as clarity i#ations and language, and quality

of printing were checked and suggestions givendpgrs and instructor were taken
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into consideration in the revision of items. Thasgasures presented content and
construct related evidences of validity of the PST.

3.7. Threats to Internal Validity

Internal validity gives information about the degito which observed
differences on the dependent variable is arousad the independent variable
(Fraenkel & Wallen, 2006). Thus, if the resultstod study are not related to the
dependent variable or in other words if they alateel with some other unintended
variables, internal validity threats occur. Eackegach design has different internal
validity threats. Location, instrumentation, ingtrent decay and mortality are the
four main internal validity threats of a surveydstFraenkel & Wallen, 2006).

Location was not a threat to this research sineestudy was carried out at
one University and in similar classrooms.

Instrumentation threat was assumed to be condrblethe researcher since
the researcher collected the whole data by hemselfduring data collection process,
all procedures in all classrooms were standardiaexvoid data collector bias.
Moreover, instrument decay was not a threat sineelata were collected at just one
point in time. Additionally, a different interpretan of results depending on the
scorers or the time makes instrumentation decagtwisian internal threat for
survey studies (Fraenkel & Wallen, 2006). To cdritits threat, the scorings which
were done separately by the two raters were cord@aré a high agreement was
found between the two raters. Therefore, instrurdenay was not a threat for this
study.

Lastly, mortality threat which means the lossudfjscts is considered to be
an internal threat in survey studies. However, alitytwas not an important internal
threat for this study since this study was caraetby conducting cross sectional
survey. Since data were collected at one pointie,tmortality was not a threat for

this study.
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3.8. Threats to External Validity

External validity refers to “the extent to whidfetresults of a study can be
generalized from a sample to a population” (Frae&K&/allen, 2006, p.108). In
establishing external validity, both population gelizability and ecological
generalizability should be considered. Populatienegalizability is about a sample’s
degree of representativeness of an intended papuigiraenkel & Wallen, 2006).
The target population of the study was all prosgealementary mathematics
teachers in Central Anatolia Region and accesgpityeilation was all prospective
elementary mathematics teachers in a city of #ggon. All year level prospective
elementary mathematics teachers studying at awtatersity in this city constituted
the sample of the study. In this study, convensamipling method was preferred. A
convenient sample is a group of individuals whan{@niently) are available for
study and in general convenient samples cannobh&dered as representative of
any population (Fraenkel & Wallen, 2006). Thus, saenpling method of the study
limits the population generalizability of the resgafindings.

The term ecological generalizability refers tog‘extent to which the results
of a study can be generalized to conditions omggttother than those that prevailed
in a particular study” (Fraenkel & Wallen, 20061@8). This study was conducted at
a state university and results could be generatiad¢le students in other state
universities having similar conditions, such asrseudistribution, with the university

that the data was collected.
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CHAPTER 4

RESULTS

In this study, the main area of investigatioroislétermine the problem
solving strategies that prospective elementary emattics teachers use while
solving mathematical problems. Besides, this saldy deals with prospective
elementary mathematics teachers’ achievement iolgmosolving in terms of year
levels.

This chapter aims to present the results of théystutwo main parts. Each
part deals with one research question. In thepest, descriptive statistics regarding
prospective elementary mathematics teachers’ pmobtaving test scores will be
explained for each year level. In the second jpaoispective teachers’ use of
problem solving strategies and descriptive statstelated to each item will be

mentioned.

4.1. Prospective Elementary Mathematics Teachers’rBblem Solving Test

Scores

In order to collect data for the research questigastigating the problem
solving strategies that are used by prospectiveaiary mathematics teachers in
solving mathematical problems, Problem Solving TEST) was used. PST

consisted of nine open-ended items and each itesrcaranected with at least one
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problem solving strategy existing in the literaturethis part, for each item,
descriptive statistics related with the PST scandidbe summarized in terms of year

levels (namely, freshmen, sophomores, juniors,s@mibrs).

4.1.1. Descriptive Statistics Regarding Problem $ong Test

Each item in PST was graded out of 10 points amcesihere were nine items
in the test, the maximum possible score was 90tpdlescriptive statistics such as,
mean, standard deviation, skewness, kurtosis, mimimand maximum values for
prospective teachers’ problem solving test scavegdch year levels are presented
in Table 4.1.

Table 4.1. Descriptive Statistics Regarding Prob&otving Test

Freshmen Sophomores Juniors Seniors Total

Mean 76.70 69.90 66.70 62.25 69.46

SD 13.86 15.16 14.83 13.06 15.15

Skewness -1.49 -1.12 -0.52 -0.31 -0.73

Kurtosis 2.88 1.44 -0.08 0.48 0.34

Minimum 21 20 27 26 20
Maximum 90 90 90 90 20
N 71 66 61 52 250

Note: Maximum possible score was 90.

Prospective teachers’ problem solving test scaeged from 20 to 90. In
each year level there were prospective teacherswehe able to solve all the
problems correctly. However, there were also prospe teachers with very low
problem solving achievement scores. When comparéuetwhole groupM=69.46,
SD=15.15), freshmen’s problem solving test scoMs46.70,SD=13.86) were quite
high and sophomores’ scordd£69.90,SD= 15.16) were approximately equal to the
general mean of all the participants. On the offaerd, junior K1=66.70,SD=14.83)
and seniorN1=62.25,SD=13.06) prospective teachers’ problem solving $estes
were below the whole group. The results showed #sayear level increased

prospective teachers’ problem solving test scoeesedised considerably. In
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addition, the table also presents skewness anddsintalues for each year level and
for the whole group. According to these valuesait be inferred that problem
solving test scores for each year level and whodegwere normally distributed
(Pallant, 2007).

4.1.2. Descriptive Statistics Regarding Problem Sahg Test Items
Participants’ mean scores for each item was sumethm order to

determine participants’ achievement levels for ¢hibsms in Table 4.2.

Table 4.2. Descriptive Statistics Regarding Prob&otving Test Items

Freshmen Sophomores Juniors Seniors Total
Item no M SD M SD M SD M SD M SD

1 8.20 2.79 797 285 6.36 3.48 721 292 749 3.08
2 9.07 245 9.12 243 8.25 321 7.04 3.75 8.46 3.04
3 8.03 3.79 6.09 4.80 6.23 4.68 7.19 449 6.90 4.49
4 8.52 3.02 8.14 3.00 9.05 214 8.62 2.67 8.57 2.76
5 941 215 885 272 8.46 298 8.46 2.73 8.83 2.66
6 8.04 3.69 6.79 4.32 6.98 4.24 6.00 4.24 7.03 4.22
7 961 1.78 9.27 2.8 9.44 204 8.92 2.64 9.34 215
8 6.58 4.63 518 492 6.23 4.68 435 456 566 4.76
9 9.24 258 8.48 3.61 570 4.66 446  4.88 7.18 4.37

According to the Table 4.2, it can be said thamnl 7 M=9.34,SD =2.15)
was the easiest problem for prospective teachershesiproblem could be solved by
using several problem solving strategies. Howeltem 8 M =5.66,SD=4.76) was
the most difficult item for prospective teachersl @rentailed participants to use
considering extreme cases strategy. When considétiedespect to year level, the
same situation holds except for juniors since threaan score for Item 94 =5.70,
SD=4.66) was lower than the mean score for Itel 86.23,SD=4.68). However,
Item 9 which was related with finding a patterragtgy, was the third easiest
problem for freshmen\ =9.24,SD =2.58) and the fourth easiest problem for
sophomoresM =8.48,SD=3.61) (see Item 7, 8 and 9 in Appendix A).
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It can be understood from the Table 4.2 that ayjradinprospective teachers,
freshmen prospective teachers had higher meansstt@e other year levels for all
items except for Item 2 and Item 4. The highestmseare for Item 2 belonged to
sophomores and for Item 4 it belonged to juniorerédver, senior prospective
teachers had the lowest mean scores for all iteswespe for Item 1, Item 3 and Item
4, since they had the second highest mean scolefr3 and Item 4 and third
highest mean score for Item 1 (see Item 1, 2, 3andAppendix A).

In this part, prospective teachers’ problem s@\igst scores were presented.
In more details, descriptive statistics concerrihggoverall problem solving test
scores and the individual item scores were predeirnighe next part, problem

solving strategies used by prospective teachetdwigjiven for each item.

4.2. Prospective Elementary Mathematics Teachers’d¢ of Problem Solving

Strategies

In the previous part of the study, descriptiveistias concerning problem
solving test were presented and in this part praoldelving strategies used by
prospective elementary mathematics teachers whiNeng PST will be presented
for each item.

To describe the problem solving strategies useprbgpective teachers, first,
each participant’s responses for each item welewed and similar responses were
grouped. Later, similar responses were matchedtivghelevant problem solving
strategy by considering definitions existing in titerature. Finally, these grouped
responses were given a name such as logical ressand looking for a pattern.
Moreover, in some cases, participants used twoare mifferent strategies
simultaneously when responding the item. Therefibiese responses were named as
“a combination of two or more strategies”. Besidasne responses that don’t match
problem solving strategies in the literature weaened by the researcher as

“invented strategy”. In the next parts, each iteith lve examined in terms of
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problem solving strategies used by prospectiveheacand the mean scores for
those prospective teachers.

4.2.1. Prospective Teachers’ Problem Solving Strajees for Item 1

In Item 1, prospective teachers were asked to respm“If a andb are both
integers, how many ordered paes b) will satisfy the equation? +b? =10?” Table
4.3 given below shows the basic descriptive stesiselated to mean scores of Item

1 in terms of problem solving strategies.

Table 4.3. Descriptive Statistics Regarding Paréints’ Problem Solving Strategies for Item 1

Problem solving strategy N M SD
Combination of different strategies 152 8.94 1.95
Logical reasoning 79 5.06 2.52
Solving in two different ways 2 10 0
Others 17 5.57 2.96
Total 250 7.49 3.08

Note: Maximum possible score was 10.

It can be understood from Table 4.3 that, partitipghowed three different
solutions for Item 1 namely, combining differentag¢gies, using logical reasoning
and solving in two different ways. In more detagispspective teachers who used
two different ways1=10.0SD=0) and who used a combination of logical reasgning
organizing data and accounting for all possibgits#rategiesM=8.94,SD=1.95) had
higher mean scores than prospective teachers lagjitgl reasoning strategy
(M=5.06,SD=2.52). Moreover, when year level was consideredHis item, it can
be understood from the Table 4.2 that freshn\n8.20,SD=2.79) and sophomores
(M=7.97,SD=2.85) had higher mean scores than junibrs§.36,SD=3.48), seniors
(M=7.21,SD=2.92) and the overall mean scok&7.49,SD=3.08) in Item 1. Table
4.4 given below shows the problem solving strategiged by prospective

elementary mathematics teachers in each yearfievideém 1.
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Table 4.4. Problem Solving Strategies and Year IssveProspective Teachers for Item 1

) Freshmen Sophomores Juniors Seniors
Problem solving strategy Total
f % F % f % f %

Combination of different

strategies 50 20.00 43 17.20 26 10.40 33 13.20 60.80%
Logical reasoning 18 7.20 18 7.20 29 11.60 14 5.6031.60%
Solving in two different 1 0.40 1 0.40 _ ) ) ) 0.80%

ways
Others 2 0.80 4 1.60 6 2.40 5 2 6.80%
Total 71 28.40 66 26.40 61 24.40 52 20.80 100%

The Table 4.4 shows that, more than half of thepeotive teachers
(60.80%) solved Item 1 by combining different peail solving strategies. In more
details, freshmen (20.00%), sophomore (17.20%)o5y10.40%) and senior
(13.20%) prospective teachers solved this itemdaygudifferent combinations of
logical reasoning, organizing data and accountimgfi possibilities strategies. For
instance, Participant 120 solved this problem hggia combination of three
different strategies was shown in Figure 4.1. $tsélyf examined perfect squares
less than or equal to 10 and then decided to exaasitt and b=3 ¢+ 3 =10) or
their symmetric opposites a=3 and b=1+31? =10) by taking into consideration

both negative and positive values of a and b. Bygu®gical reasoning, she found

eight pairs of ordered pairs that satisfy the déquaf + b*> =10. Moreover, she

prepared a systematic list to be certain that sisealocounted for all possibilities.

Figure 4.1 Use of combinations of different strategies in IteifParticipant 120)

Logical reasoning (31.60%) was another commonegatised by

prospective teachers from all year levels. In otherds, freshmen (7.20%),
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sophomore (7.20%), junior (11.60%) and senior (Bpprospective teachers
applied logical reasoning strategy to solve Item 1

Similar to previous example (see Figure 4.1), Bipdint 127 thought thaf’
or b? would be equal to either 1 or 9 by logically regisg as shown in Figure 4.2.
Then he found four pairs of answers without corandefor all possibilities or using

an organized list.

O
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Figure 4.2Use of logical reasoning strategy in Item 1(Pgpaait 127)

One freshman (0.40%) and one sophomore (0.40%jpectise teachers were
able to solve this item in two different ways. A®wn in Figure 4.3, Participant 13
solved Item 1 in two different ways and her firgslution was very similar to
Participant 120’s solution mentioned above (seearei@.1). She examined 0, 1, 2
and 3 as values afthen decided to use value 1 and 3 to satisfydoatgon. Finally,
she organized a list to be certain that she hasuated for all the possibilities and
then found eight pairs of answers. In her secohdtisa, she used a combination

formula to reach to the correct answer.
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Figure 4.3. Use of two different ways in Item 1 itRgpant 13)

Finally, prospective teachers in the category tfiéos” (6.80%) were the
participants who either misunderstood the problenvare not able to give any

response to Ilteml.

4.2.2. Prospective Teachers’ Problem Solving Strajees for Item 2

In Item 2, prospective teachers were asked to respm“The sum of an
integer, its square, and its square root is 276atWiithe integer?” Table 4.5 shows
the basic descriptive statistics related to meanescof Item 2 in terms of problem

solving strategies.

Table 4.5. Descriptive Statistics Regarding Paréints’ Problem Solving Strategies for Item 2

Problem solving strategy N M SD
Intelligent guessing and testing 208 9.78 0.77
Setting up an equation 40 2.00 0
Others 2 0 0
Total 250 8.46 3.04

Note: Maximum possible score was 10.

Prospective teachers showed two different solutwanite solving Item 2.

They were grouped into two as using intelligentsgpireg and testing and using
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setting up an equation strategy. It can be seen Trable 4.5 that, prospective
teachers who used intelligent guessing and testnagegy M=9.78,SD=0.77) had a
higher mean score than the ones who used settiag eguation strategiWiE2.00,
SD=0). When year levels were considered, similar to Iterfneshmen=9.07,
SD=2.45) and sophomorebl€9.12,SD=2.43) had higher mean score than juniors
(M=8.25,SD=3.21), seniorsNM=7.04,SD=3.75) and the overall mean scok&=8.46,
SD=3.04) in this item (see Table 4.2).

Problem solving strategies used by prospectivehexacfor Iltem 2 were

presented in Table 4.6 given below.

Table 4.6. Problem Solving Strategies and Year IssveProspective Teachers for Item 2

) Freshmen Sophomores Juniors Seniors
Problem solving strategy Total
f % F % f % f %

Intelligent guessing and 65  26.00 60 2400 49 19.60 34 1360 76.00%

testing
Setting up an equation 5 2.00 5 2.00 12 4.80 18 0 7.216.00%
Others 1 0.40 1 0.40 - - - - 0.80%
Total 71 28.40 66 26.40 61 2440 52 20.80 100%

The table shows that, prospective teachers uselligent guessing and
testing strategy (76.00%) and setting up an equati@tegy (16.00%) while solving
Item 2. More specifically, intelligent guessing aedting was used by freshmen
(26.00%), sophomores (24.00%), juniors (19.60%)semdors (13.60%). For
example, Participant 117, as shown in Figure 4dduntelligent guessing and
testing strategy to solve Item 2. When using ttrstegy problem solvers need to
make a guess, and then test it against the conslitibthe problem. Similarly,
Participant 117 guessed that the unknown integeitdMoe 16, and then tested the
number 16 whether it satisfied the problem condgidde also explained his solution
as “We should choose an integer whose squares@béao an integer and which is a

perfect square less than 276”.
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Figure 4.4Use of intelligent guessing and testing strategiyam 2 (Participant 117)

Setting up an equation strategy (16.00%) was an@tbguent strategy used
by prospective teachers namely, freshmen (2.008pjamores (2.00%), juniors
(4.80%) and seniors (7.20%). As shown in Figure Baticipant 79 consideredhs

an unknown integer and wrote the equationx? ++/x = 276 and then rewrote the

equation ag(1+ x+i) = 276. Since this equation was not easy to solve, Raatic
X

=

79 was not able to reach an answer.

Figure 4.5Use of setting up an equation strategy in ltem&tt{€pant 79)

Finally, two prospective teachers (0.80%) wereaidé¢ to give any response

to this item.

4.2.3. Prospective Teachers’ Problem Solving Stragees for Item 3

In Item 3, prospective teachers were asked to respm“What is the greatest
value of the expressiab + bc+ cd + ad, if a, b, c andd have values 1, 2, 3, and 4,
but not necessarily in that order?” The table gielow shows the basic descriptive

statistics related to mean scores of Item 3 in sesfiproblem solving strategies.
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Table 4.7. Descriptive Statistics Regarding Paréints’ Problem Solving Strategies for Item 3

Problem solving strategy N M SD
Adopting a different point of view 157 9.21 2.30
Intelligent guessing and testing 22 5.91 5.03
Invented strategy 7 0 0
Accounting for all possibilities 1 10.00 0
Combination of different strategies 15 9.33 2.58
Others 48 0 0
Total 250 6.90 4.48

Note: Maximum possible score was 10.

The table shows that, one prospective teacherasamlinting for all
possibilities M=10.00,SD=0) and had the highest possible mean score foitdm.
Then, prospective teachers who combined differeategies 1=9.33,SD=2.58)
and who adopted a different point of vieM=9.18,SD=2.30) had the second and
the third highest mean scores for this item. Moegpgrospective teachers who
solved this item by using intelligent guessing &esting strategy had the lowest
mean scoreM=5.91,SD=5.03). Furthermore, Table 4.2 shows that freshmen’
(M=8.03,SD=3.79) and seniorsM=7.19,SD=4.49) mean scores were above and
sophomores’N1=6.09,SD=4.80) and juniors’§1=6.23,SD=4.68) mean scores were
below the overall mean score for this ite=6.90,SD=4.49).

Table 4.8 given below shows the problem solvintatsgies used by

prospective teachers for Item 3.
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Table 4.8. Problem Solving Strategies and Year lssveProspective Teachers for Item 3

) Freshmen Sophomores Juniors Seniors
Problem solving strategy Total
f % f % f % f %
Adopting a different point of
view 49  19.60 40 16 36 1440 32 1280 62.80%

Intelligent guessing and testing 11 4.40 1 0.40 3.201 7 2.80 8.80%
Combination of different

strategies 4 1.60 3 1.20 5 2 3 1.20 6.00%
Invented strategy 3 1.20 - - 1 0.40 3 1.20 2.80%
Accounting for all possibilities - - 1 0.40 - - - - 0.40%
Others 4 1.60 21 8.40 16  6.40 7 280 19.20%
Total 71 28.40 66 26.40 61 24.40 52 20.80 100%

It can be understood from the Table 4.8 that, adgt different point of
view strategy was the most popular strategy (62)88#tce it was used by freshmen
(18.40%), sophomores (15.60%), juniors (14.00%)serdors (12.80%) which in
total constitutes more than half of the all papisits.

Figure 4.6 represents an example for using adoptidifferent point of view

strategy by Participant 117. She first rewrotedfeation ad(a+ ¢+ d( at+ ¢ then
factored the equation és+ c) x(b+ d). Then, she decided that each factor should

be equal to 5 and found the greatest value foexipeession as 25.

Figure 4.6 Use of adopting a different point of view strategytem 3 (Participant
117)

Besides, intelligent guessing and testing (8.80%g another common
strategy used by freshmen (4.40%), sophomores%®).,40niors (1.20%) and
seniors (2.80%). Figure 4.7 illustrates Particigblis intelligent guessing and

testing strategy use for Item 3. In his first apenhe assigned, b, candd the
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numerical values 4, 3, 1 and 2 respectively, ard ttalculated the value for the
expressiorab + bc+ cd + ad as 25.

1 \ oo L L+ WS4
Figure 4.7. Use of intelligent guessing and tessimgtegy in Item 3 (Participant 11)

Moreover, some of the prospective teachers solesd 8 by combining
different problem solving strategies (6.00%). Fegdr8 given below is an example
for combination of adopting a different point oéw and accounting for all
possibilities strategies. In the first part of theample, Participant 124 adopted a
different point of view similar to Participant 1{See Figure 4.6) and factored the
expression a@& + ¢) x(b+ d) . In the second part of the example, participadt 12
considered all possibilities for the two factorsnhore details, there were three
different possibilities fofa+ ¢) x (b+ d) such agl+ 2)x (3+ 4)= 2],

(@+3)x (2+ 4)= 24and(1+ 4)x (2+ 3)= 2E. Then he decided that the greatest value

for the expression was 25.

j o

Figure 4.8 Use of combinations of strategies in Item 3 (Pgoéict 124)
One prospective teacher, Participant 126 solvisdtgm by accounting for

all possibilities (0.40%). He examined all possiédues for the expression without

rewriting the expression. Figure 4.9 shows theaismnsidering for all possibilities
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strategy for Item 3. Here, he listed 24 differeassbilities fora, b, ¢, andd and then
for ab + bc + cd + ad. After examining the value, she also decided theimam

value for the expression as 25 which was the coamswer for this item.

Figure 4.9. Use of accounting for all possibilitstgategy in Item 3 (Participant 126)

In addition to these problem solving strategiesys@rospective teachers
proposed an erroneous strategy (2.80%) while splitem 3. For instance, in Figure
4.10, Participant 52 assigned the values 1, 2d3dora, b, c andd respectively
and stated that the value of the expression woall@dimange when the values fgib,

c andd were changed. That is, he claimed that the valadefbc + cd + ad would
be the same whem b, ¢, dare equal td, 2, 3, 4 respectively o2, 1, 3, 4, etc.
However, he did not make any attempt to test hpothesis and gave a wrong

answer to the item 3.
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Figure 4.10Use of invented strategy in Item 3 (Participant 52)
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Finally, 19.20% of all prospective teachers eitimesunderstood the problem
or were not able to give any response to Item 3.

4.2.4. Prospective Teachers’ Problem Solving Strajees for Item 4

In Item 4, prospective teachers were asked toresp “In a room with 10
people, everyone shakes hands with everybody eésslg once. How many
handshakes are there?” Descriptive statisticgdagaparticipants’ problem solving

strategies for Item 4 was presented in Table 4:8rgbelow.

Table 4.9. Descriptive Statistics Regarding Paréints’ Problem Solving Strategies for Item 4

Problem solving strategy N M SD
Organizing data 129 8.85 2.25
Using a formula 34 9.00 2.92
Adopting a different point of view 21 5.71 2.23
Making a drawing 21 8.38 3.07
Accounting for all possibilities 1 10.00 0
Solving in two different ways 17 10.00 0
Combination of different strategies 22 9.91 1.70
Others 5 0 0
Total 250 8.57 2.76

Note: Maximum possible score was 10.

The table shows that, prospective teachers who asaulinting for all
possibilities M=10.00,SD=0) and who solved the problem by using two diffiere
ways M=10.00,SD=0) had highest possible mean score for Item 4n;The
prospective teachers combining different strate(W=9.91,SD=1.70), using a
formula M=9.00,SD=2.92), organizing data=8.86,SD=2.25) and making a
drawing M=8.38,SD=3.07) had the second highest mean scores foit¢his On the
other hand, prospective teachers adopting a diftgreint of view M=5.71,
SD=2,23) had the lowest mean scores for Item 4.

Contrary to Item 1 and ltem 2, juniofgl€9.05,SD=2.14) and seniors
(M=8.62,SD=2.67) had higher mean score than freshnw8(52,SD=3.02),
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sophomoresM=8.14,SD=3.00) and the overall mean scok&=g8.57,SD=2.76) in
Item 4.
Table 4.10 given below shows the problem solvingtegies used by

prospective teachers for Item 4.

Table 4.10. Problem Solving Strategies and Yeaelseof Prospective Teachers for Item 4

) Freshmen Sophomores Juniors Seniors
Problem solving strategy Total
f % f % f % f %

Organizing data 34 1360 40 16.00 24 9.60 31 12.481.60%
Using a formula 16 6.40 5 2.00 7 2.80 6 240 1%60
Adopting a different point of

view 4 1.60 9 3.60 3 1.20 5 2.00 8.40%
Making a drawing 9 3.60 5 2.00 2 0.80 5 2.00 8.40%
Combination of different
Solving in two different ways 3 1.20 4 1.60 9 360 1 0.40 6.80%
Accounting for all possibilities - - - - 1 0.40 - - 0.40%
Others 2 0.80 2 0.80 - - 1 0.40 2.00%
Total 71 28.40 66 2640 61 24.40 52 20.80 100%

Item 4 was rich in terms of the use of problenvisg strategies and Table
4.10 shows that, organizing data (51.60%) was tbst popular one since it was
used by freshmen (13.60%), sophomores (16.00%prii(0.60%) and seniors
(12.40%) which in total constituted more than lwdlthe participants.

Figure 4.11 is an example for organizing dataegyaused for Item 4. In this
example, Participant 162 jotted down each of thapfeein the room and the number
of hands they had to shake each time. Thus, tteopdabeled 1 shakes 9 hands, the
person labeled 2 shook 8 hands, and so on untddhson labeled 9, who only had
one person’s hand left to shake. Consequentlyidizmt 162 found the number of

handshakes as 2+ 3+ ..+ 9= 4E.
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Figure 4.11Use of organizing data strategy in Iltem 4 (Paréioipl62)

Some of the prospective teachers solved this @ism by using a formula
(13.60%) and nearly half of them was freshmen protbpe teachers (6.40%).
Moreover, sophomores (2.00%), juniors (2.80%) ardas's (2.40%) constitute the
other half of the ones using a formula in solviting given problem. Figure 4.12

shows the use of a combination formula of 10 thiaggen 2 at a time:

(nj: n_ 100 .
r) (n-r)irt (10-2)!2!

Figure 4.12. Use of formula in Item 4 (Participa60)

Adopting a different point of view (8.40%) was #mer common strategy.
More specifically, it was used by freshmen (1.6086phomores (3.60%), juniors
(1.20%) and seniors (2.00%). For example, PartitigQ considered this item from
a different point of view. He stated that “There &0 people in a room and each

person would shake 9 other people’s hands. Thimsé indicate that there are
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10x 9= 90handshakes, but we must divide it by 2 to elimintageduplication; hence

the answer is 45",

e Aol or\lass

Figure 4.13Use of adopting a different point of view strategytem 4 (Participant
49)

Similar to previous strategy, making a drawingl(86) was used by
freshmen (3.60%), sophomores (2.00%), juniors @)8&nd seniors (2.00%). In
Figure 4.14, Participant 42 made a visual represent of the situation. In this
exampley, vy, zetc. represented each person in the room. Form@eathe first
person X) was matched with each of the other 9 peoplecatitig the first 9
handshakes that took place. For the second peystimete would be 8 additional
handshakes sincehad already shaken hands wythand so on. Besides, Participant
42 wrote the number of handshakes on the top d¢f parson and found the sum of
the handshakes 8s+ 8 +7 + -+ 1+ 0 = 45.

Figure 4.14Use of making a drawing strategy in Item 4 (Pgpaait 42)
Some of the prospective teachers solved this litg@ombining two or more

strategies (8.80%) and more than half of them wamis (6.00%). The use of
combination of different strategies by other yesels was mere, statistically only
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two freshmen (1.20%), one sophomore (0.40%) arektheniors (1.20%) attempted
to use a combination of different strategies togetbr this item.

Figure 4.15 is an example for combination of sajvéimpler problem with
visual representation, organizing data and lookamg pattern. In this example,
Participant 196 began by considering a figure \Rifpeople, represented by two
points. This would make 1 handshake. Then, shenelguhthe number of people to
3, represented by three points. Here, the numbleadshakes was 3. She continued
with 4 people, 5 people, and so on, and wrote thiakees in an organized way. She

also related the number of handshakes with theutarfor the sum of the firgt

n(n-1)

natural numbersT wheren > 2, by realizing the pattern. Thus, the answer is

10x (10-1)_ .
—, =45,

Figure 4.15. Use of combinations of strategiesamli4 (Participant 196)

Moreover, accounting for all possibilities strategas the least common
strategy used by prospective teachers (0.40%)r&il6 shows the use of
accounting for all possibilities by Participant 1&he assigned each person a
number and then wrote them up both from left toriglet and from top to the

bottom. The “-"s in the diagonal of the figure indied that people could not shake
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hands with themselves and “x”s indicated doublytadl other handshakes. For

instance, the first person shook hands with therstperson and the second person
shook hands with the first person. Thus, she cmled that each person would shake
9 other people’s hands and there wede 9 = 90handshakes, but it must be divided

by 2 to eliminate the duplication; hence the ansmeas 45.

Figure 4.16. Use of examining all the possibiliséstegy in Iltem 4 (Participant 142)

Finally, some prospective teachers solved thia itetwo different ways
(6.80%). Figure 4.17 is an example for both usiradimg a drawing and using a
formula. In the left hand side of the figure, vistgpresentation was used by
Participant 159. The 10 points represented theebplp. First person joined to each
of the other 9 points, indicating the first 9 hamalees that took place. From the
second person, there were 8 additional handsh8kedarly, from the third person,
there were 7 additional handshakes, and so on., Heaticipant 159 found the total
number of handshakes @s- 8 + 7 + .-+ 1 + 0 = 45. In the right hand side of the
figure, similar to the Participant 196 (see Figdr5), Participant 159 used the

n(n-1) 10X9

formula for the sum of the first natural numbersz— == 45,
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Figure 4.17. Use of two different ways in Item 4ifitipant 159)

Prospective teachers included in “others”, eithesunderstood the problem

or were not able to give any response (2.00%)isoitidm.

4.2.5. Prospective Teachers’ Problem Solving Stragees for Item 5

In Item 5, prospective teachers were asked to respm“Nancy breeds New
Zealand rabbits for a hobby. During April, the nuenbf rabbits increased by 10%.
In May, 10 new rabbits were born, and at the endlay, Nancy sold one third of
her flock. During June, 20 new rabbits were bond at the end of June, Nancy sold
one half her total flock. So far in July, 5 rablitsve been born, and Nancy now has
55 rabbits. How many rabbits did Nancy start withApril 1°?” Table 4.11 shows
the basic descriptive statistics related to meanescof Item 5 in terms of problem

solving strategies.
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Table 4.11. Descriptive Statistics Regarding Pipicts’ Problem Solving Strategies for Item 5

Problem solving strategy N M SD
Setting up an equation 198 8.94 2.41
Working backwards 29 9.45 1.68
Working backwards or setting up an equation 15 ao.0 0
Intelligent guessing and testing 2 7.00 4.24
Others 6 0 0
Total 250 8.83 2.66

Note: Maximum possible score was 10.

Prospective teachers were able to solve Item &hing up an equation,
working backwards and using intelligent guessing &sting strategies. Besides,
some prospective teachers were able to solvetémshoth working backwards and
setting up an equation. All prospective teachensgusoth working backwards and
setting up an equation strategy correctly solvéslitam (M=10.00,SD=0).
Moreover, prospective teachers who used workinggwards 1=9.45,SD=1.68)
showed higher mean scores than the ones who udie $g€ an equation=8.94,
SD=2.41) and intelligent guessing and testihtg7.00,SD=4.24). Moreover, Table
4.2 showed that freshmen prospective teaciMs®(41,SD=2.15) had the higher
mean scores than overall mean score, and the yghetevels were below the
overall mean scoréV[=8.83,SD=2.66) in Item 5.

Table 4.12 given below shows the problem solvingtsgies used by

prospective teachers for Item 5.
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Table 4.12. Problem Solving Strategies and Yeaelseof Prospective Teachers for Iltem 5

) Freshmen Sophomores Juniors Seniors
Problem solving strategy Total
f % f % f % f %

Setting up an equation 55 22.00 53 21.20 47 18.803 417.20 79.20%
Working backwards 12 4.80 5 2.00 8 3.20 4 1.60 (1%.6
Working backwards or

Setting up an equation 3 1.20 6 2.40 3 1.20 3 1.20 6.00%
Intelligent guessing and

testing - - - - 1 0.40 1 0.40 0.80%
Others 1 0.40 2 0.80 2 0.80 1 0.40 2.40%
Total 71 28.40 66 2640 61 2440 52 20.80 100%

The table shows that, setting up an equation (?8)2Gas the most popular
strategy used by prospective teachers from eaahgwea, that is by freshmen
(22.00%), sophomores (21.20%), juniors (18.80%x) semniors (17.20%). In Figure
4.18, Participant 163 represented the number difiteblancy started with on April
1% as 108, initially. Then, she continued to find the number of rablitsefch

month in terms ok. At the end of the July, Nancy h : 0X6+ 110 rabbit which was

given in the problem as 55 rabbits. Finally shete/an equation aéM: 55

and solved it to find the value ®f She found that was equal to 1 and multiplied it
with 100 and got 100 rabbits since she started #d@ on April. Starting with 100
rather than withx, made it easy to set up equations successivelyoaintiow fewer

steps to reach an answer.
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Figure 4.18. Use of setting up an equation stratedtem 5 (Participant 163)

In addition to setting up an equation, working baatds was another
frequent strategy (11.60%) used by freshmen (4.868&@homores (2.00%), juniors
(3.20%) and seniors (1.60%). Figure 4.19 is an gkaror use of working
backwards strategy. It shows that, participant\i@6 able to notice how many
rabbits there were at the end of the situationel, dte performed the inverse
operations successively. For example, he started duly subtracted 5 rabbits from
55 since 5 rabbits were born in July, then mukiglb0 with 2 since in June Nancy
sold half of the rabbits. During June, 20 new regbiere born so he subtracted 20
from 100. At the end of May, Nancy sold one thifdher flock, thus 80 represents
the two third she had, so participant 160 found the whole number of rabbits was
equal t0120. In May, 10 new rabbits were born seui#racted 10 from 120. Here,
he found that Nancy had 110 rabbits in May whicls equal to 110% of the rabbits
on April 1% To get the number of rabbits Nancy started orilAgt he decided that
the number corresponding to the 100 % of the rabbiuld be equal to 100.
Therefore, Nancy started with 100 rabbits on Apil
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Figure 4.19Use of working backwards strategy in ItenParticipant 16C

Moreover, one junior (.40%) and one senior M%) prospective teach
used intelligent gessing and testing strategy80%) to solve Item tUse of this
strategy was represen via Figure 4.20. Here, Participant 182de a guess that t
number of rabbits Nancy started on Apr*would be 100, and then tested
number 100 to seghether it satisfies the problem conditi or no. He followed all
steps respectively, at the end; he found that ifdyastarted with 100 rabbits «
April, at the end of the July, she would have Sabits which is the same numt
with the actual problem situation. Thus, he decitdted Nancy started vh 100
rabbits.

Figure 4.20. Usef intelligent uessing and testing in Item Safficipant 162
Additionally, some of the prospective teachers aolthis item by using bor

working backwards and tting up equation strategies (6.00%pr instance
Participant 159 solved this item by both solving &ipn and working backward
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These two different ways were the similar to thivge previous examples (see
Figure 4.18 and Figure 4.19).

3

Figure 4.21Use of two different ways in Item 5 (Participan®)5

Finally, 2.40% of the prospective teachers who wetbe category of
“others” either misunderstood the problem or westable to give any response to

this item.

4.2.6. Prospective Teachers’ Problem Solving Strajees for Item 6
In Item 6, prospective teachers were asked to respm“Mr. Lohengrin saw a row
of swans on a lake. In front of two swans, thereet@o swans. Behind two swans
there were two swans, and between two swans thene exactly two swans. What is
the minimum number of swans Mr. Lohengrin couldéhagen?” Table 4.13 which is
given below shows the basic descriptive statisetated to mean scores of Item 6 in

terms of problem solving strategies.
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Table 4.13. Descriptive Statistics Regarding Pipicts’ Problem Solving Strategies for Item 6

Problem solving strategy N M SD
Making a drawing 228 7.53 3.89
g nd o s o o
Logical reasoning 1 10.00 0
Others 18 0 0
Total 250 7.03 4.22

Note: Maximum possible score was 10.

All prospective teachers using logical reasoniMg10.00SD=0) and using a
combination of making a drawing and intelligent ggiag and testing strategies
correctly solved Item 8{=10.00,SD=0) and had higher mean scores than the ones
using making a drawing=7.53,SD=3.89). As seen in Table 4.2, similar to Iltem 5,
freshmen prospective teachek$8.04,SD=4.63) had the higher mean scores than
overall mean score, and other year levels werenbe overall mean score
(M=7.03,SD=4.22) in Item 6.

Table 4.14 represents the problem solving strasegied by prospective

teachers for Item 6.

Table 4.14. Problem Solving Strategies and Yeaelseof Prospective Teachers for Iltem 6

Freshmen Sophomores Juniors Seniors

Problem solving strategy Total
f % f % f % f %

Making a drawing 68 2720 60 24.00 57 2280 43 @7.291.20%
Combination of making a drawing and

intelligent guessing and testing 1 040 - - 1 040 1 040 1.20%
Logical reasoning - - 1 0.40 - - - - 0.40%
Others 2 0.80 5 2.00 3 1.20 8 3.20 7.20%
Total 71 2840 66 2640 61 2440 52 20.80 100%

The table shows that, almost all of the prospediachers solved Item 6 by
making a drawing (91.20%). In more detafiteshmen (27.20%), sophomores
(24.00%), juniors (22.80%) and seniors (17.20%)esbthis item by using a visual

72



representation. Figure 4.22 is a visual represientaf described situation by
Participant159. She represented each swans agdbesfigure and she began with
two swans situated in front of another two swansgiad she got a row of four
swans. This also represented the second situ&xacily two swans were behind
two swans (b). By using the least number of swsalme,depicted exactly two swans
between two other swans (c). Therefore, the minimumber of swans Mr.

Lohengrin could have seen was a row of four swans.

)
b ‘-‘G

Figure 4.22. Use of making a drawing strategyeml® (Participant 159)

Few prospective teachers (1.20%) used combinafiomaking a drawing and
intelligent guessing and testing strategies. Fangde, in Figure 4.23, Participant 37
represented swans as-". He started with 3 swans and checked whetherd&hsw
satisfied the problem conditions or not. Then hadb that 3 swans did not satisfy
the first condition he needed more swans thus henaed 4 swans and he decided

that 4 swans satisfied all the conditions givethe problem.

Figure 4.23. Use of combinations of making a drawand intelligent guessing and

testing strategies in Item 6 (Participant 37)

Besides, one sophomore (0.40%) prospective teaoed this item by

using logical reasoning. Participant 109 explaitied there must be at least one
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swan in front and one swan at the back of the fidwis, by considering the third
condition, he considered that there must be twasvb@tween the swans in front
and at the back of the row. Finally, he decided tihre must be at least 4 swans in

the row.

Figure 4.24Use of logical reasoning strategy in Item 6 (Pgréint 109)

Finally, prospective teachers that are in the aaiegf “others” (7.20%),
were the participants who either misunderstoogtbélem or were not able to give
any response to this item.

4.2.7. Prospective Teachers’ Problem Solving Strajees for Item 7

In Item 7, prospective teachers were asked to respm“A local pet owner
just bought her holiday supply of baby chickens bably rabbits. She does not really
remember how many of each she bought, but she éystem. She knows that she
bought a total number of 22 animals, a number &kaqual to her age. Furthermore,
she also recalls that the animals had a total ¢¢§& her mother’'s age. How many
chickens and how many rabbits did she buy?” Thie tgilven below shows the basic
descriptive statistics related to mean scoresenf IT in terms of problem solving

strategies.
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Table 4.15. Descriptive Statistics Regarding Pipaicts’ Problem Solving Strategies for Item 7

Problem solving strategy N M SD
Setting up an equation 233 9.46 1.84
Making a drawing 1 10.00 0
Considering extreme cases 1 10.00 0
Intelligent guessing and testing 1 10.00

Solving in two different ways 10 10.00 0
Others 4 0 0
Total 250 9.34 2.15

Note: Maximum possible score was 10.

Almost all of the prospective teachers (93.20%yadlitem 7 by setting up
an equation. The rest of the participants usee@wfft problem solving strategies
such as visual representation, extreme casesisiiwaid intelligent guessing and
testing to solve this item. Besides, there werdéigpants who used two or more of
these strategies. Table 4.15 shows that prospde@abers who used setting up
equation strategy had lower mean scores than bezotising above mentioned
problem solving strategies.

Table 4.15 shows that, all prospective teachersmgakdrawing {1=10.00
SD=0), considering extreme cas&4<10.00,SD=0), using intelligent guessing and
testing M=10.00,SD=0) and solving in two different wayME10,00,SD=0)
correctly solved Item 7 and had higher mean sabi@s the ones setting up an
equation 1=9.46,SD=1.84). When year levels were considered, freshili®.61,
SD=1.78) and juniorsNi=9.44,SD=2.04) had higher mean scores than sophomores
(M=9.27,SD=2.18), seniorsN|=8.92,SD=2.64) and the overall mean scok&=0.34,
SD=2.15) in this item. Actually, Item 7 was the easiéem for prospective teachers
(see Table 4.2).

Table 4.16 given below shows the problem solvingtsgies used by

prospective teachers for Item 7.
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Table 4.16. Problem Solving Strategies and Yeaelseof Prospective Teachers for Item 7

Freshmen Sophomores Juniors Seniors

Problem solving strategy Total

f % f % f % f %
Setting up an equation 69 27.60 65 26.00 56 22403 417.20 93.20%
Making a drawing - - - - - - 1 0.40 0.40%
Considering extreme cases - - - - - - 1 0.40 0.40%
Intelligent guessing and testing 1 0.40 - - - - - - 0.40%
Solving in two different ways 1 0.40 - - 4 1.60 5 2 4.00%
Others - - 1 0.40 1 0.40 2 0.80 1.60%
Total 71 28.40 66 26.40 61 2440 52 20.80 100%

The Table 4.16 shows that, setting up an equatrategy was used by
prospective teachers from each year level, thay iseshmen (27.60%), sophomores
(26.00%), juniors (22.40%) and seniors (17.20%)cwhin total constitutes a
majority of all participants (93.20%). For instapseFigure 4.25, Participant 208 set
up of two equations in two variables as followsepresents the number of rabbits
andy represents the number of chickens. Thefy=22and4x+ 2y = 56, since
rabbits have four legs each and chickens havedg®éach. Solving these equations
simultaneously yieldeda = 6 and y=16. Thus the pet shop owner bought 16

chickens and 6 rabbits.

Figure 4.25. Use of setting up an equation stratedtem 7 (Participant 208)

Making a drawing (0.40%), considering extreme c8et)%), intelligent
guessing and testing (0.40%) were the least pefestrategies. Only Participant 222
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drew a picture while solving this item and in Figu4r.26, she represented 22 animals
with 22 circles. Whether the animals were chickensabbits, they must have at
least 2 legs, then she placed 2 legs on each cCirgis resulted in 12 additional legs,
since she drev22x 2= 44legs in total, however in the problem 56 legs wgven.
Thus she placed 12 legs on the rabbits in paigive@them a total of 4 legs each.
The drawing shows that there were 6 rabbits anchidkens.

7\

Figure 4.26. Use of making a drawing strategyeml{7 (Participant 222)

Only Participant 247 solved Item 7 by using the@xte case situation and
his solution was represented in Figure 4.27. lRiesassumed that all animals were
rabbits, this resulted in 88 legs since there #@ranimals. Eighty eight legs were
32 legs more than the actual number of legs. Siaaleits have 2 more legs than
chickens, participant divided 32 to 2 and got 1échlis the number of chickens, and

then subtracted 6 from 22 and found the numbealabits as 6.
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Figure 4.27Use of considering extreme cases strategy in It¢éRaiticipant 247)
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The only participant who solved this item througtelligent guessing and
testing was Participant 10 and his solution wasegmted in Figure 4.28. In using this
strategy, solver makes a guess, and tests it agh@sonditions which are given in
the problem. At first, he assumed that the numbehckens was 18 and the number
of rabbits was 4, this yielded that the total nunifdegs was36+ 16= 52which was
not equal to 56. Then he decreased the numbebbitseand checked whether the
number of chickens was 19 and the number of rall@ss3. This also did not satisfy
the problem conditions sin@g8+ 12= 5C. Finally, he increased the number of rabbits
and checked whether number of chickens was 16hendumber of rabbits was 6. In
this case, the total number of legs v@@s- 24= 56and it was equal to the total
number of legs given in the problem. Thus, the nemadb chickens was 16 and the

number of rabbits was 6.

Figure 4.28. Use of intelligent guessing and tgssimategy in Item 7 (Participant 10)

Some prospective teachers were able to solve Itentwo or more different
ways (4.00%). To give an example, in Figure 4.28tiElpant 238 solved this item
by setting up an equation as the first way, by i@r81g extreme cases as the second
way, and finally by making drawing as the third whyher first solution Participant
238 represented the number of chickens and ratkéxtandy respectively, and then
she solved two equations. At the end she fouaddy as 16 and 6 which meant
there were 16 chickens and 6 rabbits. Her secoluticgo was related with
considering extreme cases. Considering all aniamtshickens meant that there were

44 legs which was less than 56 actual numbergysf Rarticipant 238 realized that,
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when she changed 6 chickens to rabbits she wowlel 2 more legs which ware in
total 56. Thus, the number of chicken was 16 andber of rabbits was 6. Finally,
her third solution was related with visual repréagan. Here, Participant 238
represented 22 animals with 22 circles and pladedg®on each circle, and this
resulted in 12 more legs. Then, she changed 6 ehgcto rabbits by placing 2 more
legs on each. Thus, there were 6 rabbits and bkehs.

Figure 4.29. Use of three different ways in IterfiP@rticipant 238)

Finally, 4 prospective teachers in the categoriotfers” (1.60%), either
misunderstood the problem or were not able to giweresponse to this item.

4.2.8. Prospective Teachers’ Problem Solving Strajees for Item 8
In Item 8, prospective teachers were asked to respm“In a drawer, there are 8
blue socks, 6 green socks, and 12 black socks. Wila smallest number that must
be taken from the drawer without looking at theksao be certain of having 2 socks
of the same color?” The table given below showdtsc descriptive statistics

related to mean scores of Iltem 8 in terms of praldelving strategies.
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Table 4.17. Descriptive Statistics Regarding Pipicts’ Problem Solving Strategies for Item 8

Problem solving strategy N M SD
Considering extreme cases 142 9.51 1.94
Using a Formula 18 0 0
Others 90 0.71 0.51
Total 250 5.66 4.75

Note: Maximum possible score was 10.

Prospective teachers showed two different solutwamige solving Item 8. In
other words, they were grouped into two ones canmsid extreme cases and the
other ones using setting up an equation strategyleT4.17 shows that, all
prospective teachers considering extreme ca8e9.61,SD=1.94) had higher mean
scores than the other prospective teachers. Pitdgpéeachers who used different
formulas were not able to arrive at a correct angie0, SD=0). Actually, only
more than half of the participants (56.80%) were ablve this problem and the rest
of the participants were not able to solve thimiteAs it can be seen in Table 4.17,
the use of formulas and other strategies excluditigeme cases did not help the
participants solve this problem correctly. In mdegails Table 4.2 shows that Item 8
was the most difficult one for prospective teacherall year levels except for
juniors since prospective teachers’ overall meamesand standard deviation was
recorded as 5.66 and 4.75 respectively. Moreovmilas to Item 7, when year levels
were considered, freshmeM£6.58,SD=4.63) and juniorsN=6.23,SD=4.68) were
more successful than sophomones=5.18,SD=4.92) and seniordM=4.35,

SD=4.56) in this item (see Table 4.2).
Table given below shows the problem solving stiategsed by prospective

teachers for Item 8.
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Table 4.18. Problem Solving Strategies and Yeaelseof Prospective Teachers for Iltem 8

) Freshmen Sophomores Juniors Seniors
Problem solving strategy Total
f % f % f % f %
Considering extreme cases 46 18.40 37 14.80 37 14.8P2 8.80 56.80%
Using a Formula 4 1.60 8 3.20 4 1.60 2 0.80 7.20%
Others 21 8.40 21 8.40 20 8.00 28 11.20 36.00%
Total 71 28.4 66 26.4 61 24.4 52 20.80 100%

The table shows that, considering extreme casesh&asost popular
strategy in other words, it was used by freshm&(%), sophomores (14.80%),
juniors (14.80%) and seniors (8.80%) which inltotmstitutes more than half of all
participants (56.80%). For example, in Figure 4RB&xticipant 8 applied extreme
case reasoning. In the first three picks, the waase scenario was picking 1 blue
sock, 1 green sock and 1 black sock. Thus, theif@aack must be the matching pair,
regardless of what color it is. The smallest nundfesocks to guarantee a matching
pair was 4.

Figure 4.30Use of considering extreme cases strategy in It¢Ra#icipant 8)

Some of the prospective teachers solved this itemlay using a combination
formula (7.20%). It seems that this problem evopadicipants’ knowledge of
probability and they directly applied a combinatformula. Thereby, they summed
the results obtained by applying the combinatiammfila of 8 things taken 2 at a
time, 6 things taken 2 at a time, and 12 thingstiak at a time.
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Figure 4.31. Use of formula in Item 8 (Particip@a)

Finally, prospective teachers in the category ofiéos”(36.00%), either

misunderstood the problem or were not able to giweresponse to Item 8.

4.2.9. Prospective Teachers’ Problem Solving Stragees for Item 9

In the last item, prospective teachers were askeespond to “What is the
sumof £+ 2+ 3 + £ +... + & + 10°?” The table given below shows the basic
descriptive statistics related to mean scoresenfi B in terms of problem solving
strategies.

Table 4.19. Descriptive Statistics Regarding Pipdicts’ Problem Solving Strategies for Item 9

Problem solving strategy N M SD
Using a formula 200 8.19 3.48
Combination of finding a pattern and organizingadat 14 9.14 1.70
Finding a pattern or using formula 4 7.50 5.00
Others 32 0 0
Total 250 7.18 4.37

Note: Maximum possible score was 10.

The table shows that, prospective teachers wheaddtem 9 by combining
finding a pattern and organizing data stratedi#s 9.14,SD=1.70) and by using a
formula M=8.19,SD=3.48) had higher mean score than the ones wheddly two
different ways M=7.50,SD=5.00). When year levels were considered, simdar t
Item 1 and Item 2, freshmeM£9.24,SD=2.58) and sophomore®£8.48,
SD=3.61) had higher mean scores than junibtsg.70,SD=4,66), seniorsN|=4.46,
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SD=4.88) and the overall mean scok=7.18,SD=4.37) in Item 9 (see Table 4.2).
Moreover, junior prospective teachers’ mean scordtém 9 \1=5.70,SD=4.66)
was lower than the mean score for ItenMB8=6.23,SD=4.68) which was the most
difficult item for other three year levels. Howeyt#em 9, related with searching for
a pattern, was the third easiest problem for freshand the fourth easiest problem
for sophomores (see Table 4.2).

The table given below shows the problem solvingtstries used by

prospective teachers for Item 9.

Table 4.20. Problem Solving Strategies and Yeaelseof Prospective Teachers for Item 9

) Freshmen Sophomores Juniors Seniors
Problem solving strategy Total
f % f % f % f %
Using a formula 69 27.60 61 24.40 35 14.00 35 (@4.080.00%

Combination of finding a pattern

o 12 4.80 2 0.80 5.60%
and organizing data

Finding a pattern or using

2 0.80 - - 2 0.80 - - 1.60%
formula
Others - - 5 2 12 4.80 15 6.00 12.80%
Total 71 28.4 66 26.40 61 2440 52 20.80 100%

The table shows that, majority of prospective teashised a formula
(71.20%) to solve Item 9. In more details freshr{h60%), sophomores (24.00%),

n(n+1)j2

juniors (10.00%) and seniors (9.60%) solved Itehyglsingz k* :( 5

k=1
formula. For instance, Figure 4.32 is an examplaige of the formula in this item

by Participant 50. He substituted10 in the formula then got

ik3:(10(10+ 1)) :( 10¢ 13 s

2 2
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Figure 4.32. Use of formula in Item 9 (Particip&)

Some of the prospective teachers (5.60%) solvedtém by searching for a
pattern and organizing data. The example in Figu38 shows that, Participant 151
firstly computed the sum of first two, three, f@md five cubic numbers and found
as 9, 36, 100 and 225 respectively. Later, he edtibat these sums are always
square numbers. Then he rewrote those sum$,&, 3¢ and 15. Meanwhile, he
showed that the bases of these square numberss,tBad, 10 and 15 are triangular
numbers. The™ triangular number is formed by taking the sumhef firstn
integers. Then, he decided that the tenth triamguienber will be 55 and finally he
completed his solution by writing the sum of giverbic numbers as 55ince the

result should also denote a square number.

)

Figure 4.33Use of combinations of finding a pattern and orgaug data strategies
in Item 9 (Participant 151)

84



Moreover, four prospective (1.60%) teachers wete &bsolve this item in
two different ways. In Figure 4.34, Participant Ibstly solved Item 9 by
combination of finding a pattern and organizingaddthis example was very similar
to Participant 156’s solution (see Figure 4.33% scond way was exactly the same

with Participant 50’s solution (see Figure 4.32).

Figure 4.34Use of two different ways in Item 9 (Participan6)l5
Finally, prospective teachers in the category théos” (12.80%) either
misunderstood the problem or were not able to giweresponse to Item 9.

4.3. Summary of the Results

In this part summary of the results will be present

4.3.1. Prospective Elementary Mathematics Teacher®ST Scores

One focus of this study was to deal with prospectilementary mathematics
teachers’ problem solving achievement in termseafryevels. The results of the
study showed that prospective teachers’ problemirsptest scores ranged from 20
to 90 where maximum possible score was 90 andvealb mean score was 69.46
(SD=15.15). Besides, 12% of prospective teachers algieeto solve all the
problems correctly. When prospective teachers’eament in problem solving

were considered with respect to year levels it s&n that freshmen’s problem
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solving test scoresV=76.70,SD=13.86) were relatively high and sophomores’
scores [1=69.90,SD= 15.16) were approximately equal to the generanrd all

the participants when compared to the whole gr@Qupthe other hand, junior
(M=66.70,SD=14.83) and senioM=62.25,SD=13.06) prospective teachers’
problem solving test scores were below the whabeigr The results showed that, as
year level increased prospective teachers’ prolsieiving test scores decreased
considerably. Meanwhile, when each problem wasidersd separately, prospective
teachers’ achievement scores decreased as yehmleneased in Iltem 1, 2, and 9 or

the achievement score increased in Item 4 as geal increased.

4.3.2. Prospective Elementary Mathematics Teachertlse of Problem
Solving Strategies

The main focus of this study was to determine tlodblem solving strategies
that prospective elementary mathematics teacheswahile solving mathematical
problems. The results regarding problem solvingtstiies revealed that prospective
elementary mathematics teachers in each yearuearel able to use various problem
solving strategies to a certain extent. In addjtmoespective teachers combined two
or more strategies to solve some of the probleras (tem 1, 3, 4, 6 and 9). The
results of the study are summarized below on teeslmd problem solving strategies.

Some of the prospective teachers set up an equatgsive some problems
in PST. In more details, for Item 2, 16.00% of pedive teachers set up equations
by labeling variables asandy, 79.20% for Item 5 and finally, 93.20% for Item 7.

Besides setting up equations, using a formula wathar common strategy
used by prospective elementary mathematics teadh@rénstance, 80.00% of
prospective teachers used mathematical formulake wblving Iltem 9. Similarly,
using a formula was adopted by 13.60% and 7.20p6aspective teachers when
solving Item 4 and Item 8 respectively.

Making a drawing strategy was also among the prentistrategies used by
prospective teachers. In more details, 91.20% a#@P8 of prospective teachers

solved Item 6 and Item 4 by using making a dravgingtegy respectively.
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Other popular strategies were intelligent guesaimdytesting and adopting a
different point of view. In more details, 76.00%da180% of prospective teachers
solved Item 2 and Item 3 respectively by usingliigient guessing and testing
strategy and 62.80% and 8.40% of prospective teaclsed adapting a different
point of view in solving Item 3 and Item 4 respeety.

Finally, considering extreme cases strategy was hgé&6.80% of
prospective teacher in solving Item 8, organiziatpdstrategy was used by 51.60%
of them in Item 4, logical reasoning strategy wssdiuby 31.60% of them in Iltem 1
and working backwards was used by 11.60% of praseieacher in Iltem 5.

Item based analyses regarding problem solvingegfied showed that for
Items 1, 2, 8 and 9 prospective elementary teagiresented two different solutions.
For instance, prospective teachers solved Item dompbining different problem
solving strategies (60.80%) and by using logicaboming (31.60%). Prospective
teachers who solved Item1 by using logical reaspih=5.06,SD=2.52) had lower
mean score than who used a combination of diffeseategiesNI=8.94,SD=1.95).

In solving Item 2, prospective teachers used igetit guessing and testing
strategy (76.00%) and got nearly maximum possitbeesthat could be obtained
(M=9.78,SD=0.77). However, prospective teachers using settingn equation
strategy (16.00%) had very low mean score foritare (M=2.00,SD=0).

Similar to Item 1 and Item 2, prospective teaclsetsed two different
solutions while solving Item 8. In more details,EB% of prospective teachers
solved Item 8 by using considering extreme casds/&20% of them by using a
formula. Prospective teachers who used considesiirgme cases strategy£9.51,
SD=1.94) had nearly maximum possible score that cbaldbtained. However, the
ones who tried to solve this item by using formdith not find the correct answer
(M=0, SD=0).

Another item that prospective teachers used o ftamwas Item 9. That is,
80.00% of participant solved this item by usingarfula and 5.60% of them by
combining finding a pattern and organizing datatsgies. Participants who used a

combination of two strategieME 9.14,SD=1.70) had higher mean score than the
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ones using a formula=8.19,SD=3.48). Contrary to Item 8, using a formula helped
participants to reach a correct answer in Item 9.

For ltems 5 and 6, prospective teachers showed thifierent solutions. For
example, 79.20% of prospective teachers solved Btday setting up an equation,
11.60% of them by using working backwards, and %.&® them by using
intelligent guessing and testing strategy. Moreppsyspective teachers who used
working backwardsN|=9.45,SD=1.68) had higher mean scores than the ones who
used setting up an equatidvi£8.94,SD=2.41), and intelligent guessing and testing
(M=7.00,SD=4.24).

Similar to Item 5, prospective teachers perforniedd different solutions for
Item 6. In more details, majority of the prospeetieachers (91.20%) solved this
item by making a drawing strategy. Moreover, ohiyee prospective teachers solved
this item by combining making a drawing and ingght guessing and testing
strategies (1.20%) and only one prospective tedmpesing logical reasoning
strategy (0.40%). Prospective teachers using lbggeasoning M=10.00SD=0) and
using a combination of making a drawing and ingeltit guessing and testing
strategies correctly solved IltemM%£10.00,SD=0) and had higher mean scores than
the ones using making a drawig<7.53,SD=3.89).

Similar to Item 2 and 5, in solving Item 7 prospeeteachers used setting up
an equation strategy (93.20%). Moreover, makingaavohg (0.40%), considering
extreme cases (0.40%) and intelligent guessingestihg (0.40%) strategies was
used by one prospective teacher from different igaals. All prospective teachers
making a drawingNI=10.00,SD=0), considering extreme cas®&4<10.00,SD=0)
and using intelligent guessing and testikig10.00,SD=0) correctly solved Item 7
and had higher mean scores than the ones settiag eguationN|=9.46,SD=1.84).

Item 3 and 4 were rich in the use of different peabsolving strategies. For
instance, while solving Item 3 prospective teaclhsesd adopting a different point of
view (62.80%), intelligent guessing and testin@(8s), combination of different
strategies (6.00%) and accounting for all possiedi(0.40%). Besides, 2.80% of
prospective teachers invented a different strategthis item. One prospective
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teacher using accounting for all possibiliti®={0.00,SD=0) had the highest
possible mean score for this item. Then, prospedgachers who combined different
strategiesN1=9.33,SD=2.58) and who adopted a different point of vié#=0.18,
SD=2.30) had the second and the third highest meamesdcor this item. Moreover,
prospective teachers who solved this item by usitedligent guessing and testing
strategy had the lowest mean scdvie$.91,SD=5.03) and prospective teachers who
invented a strategy did not reach a solutidr@, SD=0).

Finally, Item 4 was another problem which was iitkhe use of problem
solving strategies. In more details, 51.60% of peasive teachers solved this item
by using organizing data, 13.60% of them by usifgyaula, 8.40% of them by
using adopting a different point of view, 8.40%leém by making a drawing, 8.40%
of them by combining different strategies and 0.4ff%hem by accounting for all
possibilities. Moreover, prospective teachers weeduaccounting for all possibilities
(M=10.00,SD=0) had highest possible mean score for Item 4nThespective
teachers combining different strategi®=0.91,SD=1.70), using a formula{=9.
SD=2.92), organizing data/=8.86,SD=2.25) and making a drawiniyl€8.38,
SD=3.07) had the second highest mean scores foiteéhis On the other hand,
prospective teachers adopting a different poini@iv (M=5.71,SD=2.23) had the

lowest mean scores for ltem 4.
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CHAPTER 5

DISCUSSION, IMPLICATIONS AND RECOMMENDATIONS

The purpose of this study was first to investigatespective elementary
mathematics teachers’ problem solving achievenretdrms of their year level in
the teacher education program and secondly to eeatheir use of problem solving
strategies in solving mathematical problems. Thespter addressed the discussion of
the research findings, implications, and recommgos for the further research
studies. In other words, the important points neer@d in the results chapter were
reviewed and discussed with references to prestudies in the literature.
Recommendations and implications for further stsigvere stated in addition to the
limitations of the research study.

Discussion of the research findings were presemtel@ér two main sections
based on the research questions. In the firstsggirospective elementary
mathematics teachers’ problem solving achievemastdiscussed. In the second
section, prospective elementary mathematics tesichierblem solving strategies

were discussed with prior studies in terms of sgatfrequencies.

5.1. Problem Solving Achievement

As mentioned in method chapter, problem solvingea@ment score was

determined by Problem Solving Test (PST) whichudeld nine open ended
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problemsOverall PST scores revealed that prospective elEanemathematics
teachers’ problem solving achievement was modegraigh. Besides, nearly one
tenth of prospective teachers were able to solMbaealproblems correctly. When
year levels were taken into consideration, freshigeroblem solving achievement
was relatively high with respect to overall achigest and sophomores’ problem
solving achievement was approximately equal to @lvachievement. On the other
hand, junior and senior prospective teachers’ gmldolving achievement was
below the whole group. The results showed thageas level increased prospective
teachers’ problem solving achievement decreasesiderably. This result might
have stemmed from the fact that freshmen were smmesl to solving mathematical
problems since they had recently entered a hidtestaational examination (OSS).
Although the high stakes national examination nyatainsisted of multiple choice
mathematical questions while PST items were opdearfreshmen prospective
teachers might have the habit of solving problentsthis might have affected their
problem solving achievements.

Nevertheless, when prospective teachers’ probldwingoachievement was
analyzed with respect to each item, the resulte wkghtly different. In other words,
as year level increased, prospective teacherslgmobolving achievement
decreased for three items. These items involvetusielligent guessing and testing
or finding a pattern or combination of accountingdill possibilities, organizing data
and logical reasoning strategies. Conversely, aslggel increased, prospective
teachers’ problem solving achievement increasedribr one item. Finally, for the
rest of the items there was no such regularitylathe increase in problem solving
achievement when year level increased might hamesad from prospective
teachers’ acquaintance with some of the itemsenipus courses in the teacher
education program. On the other hand, the decirgseblem solving achievement
when year level increased might have been duestdéhrease in predisposition
towards solving mathematical problems gained befweainiversity entrance

examination.
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In this study, problem solving strategies used lmgpective teachers were
assessed and it was found that prospective teagnebdem solving achievement
differed in terms of the selected strategy. In naetails, prospective teachers who
considered the strategy which suited the situdtierbest in each problem were able
to arrive at correct solution. On the other handspective teachers who tried to use
problem solving strategies arbitrarily could nodgmess in the solution process and
had lower achievement. Consequently, using apptgpproblem solving strategy in
a given situation plays an important role in cargyout correct solution process.
This finding of the present study was in agreemeétit the previous studies which
emphasized the importance of selecting appropsiat¢egy (e.g., Pape & Wang
2003; Verschaffel, De Corte, Lasure, Van VaereneBgpgaerts, & Ratinckx,

1999). This result was in accord with Cai, (2003) &antowski's (1977) studies
which found that success in solving mathematicabl@ms was positively related to
the students’ use of problem solving strategiescéiffely. Moreover, Posamentier &
Krulik (1998) stated that prospective mathemageghers should be very careful in
selecting the appropriate strategy during the swoiudf problems. It would be better
to become familiar with all the problem solvingaségies and to develop facility in
using them when appropriate.

Till now, the emphasis was on prospective elemgrigachers’ overall
problem solving achievement and the associatiowdsst problem solving
achievement and strategy preference was discuSsednd research question of the
study was related with prospective elementary nmagties teachers’ usage of
problem solving strategies. Here, the frequengyro$pective teachers’ usage of

problem solving strategies were given and discusstdprevious studies.
5.2. Discussion of Problem Solving Strategies
Another focus of this study was to determine trabfam solving strategies

that prospective elementary mathematics teacheswbile solving mathematical

problems. The results regarding problem solvingtsgiies revealed that prospective
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elementary mathematics teachers in each year lexgks able to use various
problem solving strategies to a certain extent.@vBpecifically, the results indicated
that ‘making a drawing’ and ‘intelligent guessingaesting’ strategies were among
the most prominent strategies used by prospeaaehers. Results regarding
‘making a drawing’ were in line with the studiesndoicted with prospective teachers
(Altun, Memnun & Yazgan, 2007; Altun & Memnun, 2008n the other hand, the
results concerning ‘intelligent guessing and tegtatrategy contradicts with Altun,
Memnun and Yazgan’s (2007) findings that ‘guess @reck’ was among the least
frequent strategies used by prospective primargddieachers. A similar study
conducted with elementary students (Yazgan & Bir2805) showed that whild"4
grade students used ‘guess and check’ strategyengly, not even one of th&'5
grade students could use ‘making a drawing’ stsaté€ge findings of the present
study about the most prominent strategies useddsppctive teachers could be
because of two reasons. Firstly, prospective tegathse of making a drawing and
intelligent guessing strategy might be commonlyaooounts of familiarity with
these strategies. For instance, previous elemeatagcondary school mathematics
teachers of prospective teachers might have usse ttrategies very often to
analyze and solve the problems during mathematigsses. Secondly, prospective
teachers might regard intelligent guessing andhigstrategy as a time saving
solution method and therefore, prospective teaatmrkl be more prone to using
this strategy in solving mathematical problems.

Although ‘setting up an equation’ and ‘using a fofai strategies were not
accepted as problem solving strategies by somigegbrievious studies (e.g.,
Posamentier & Krulik, 1998) due to not includingtheamatical thought but the
application of formula, prospective teachers cominased them in the present
study. This finding was also in agreement withghe-test results of Altun, Memnun
and Yazgan (2007) and Altun and Memnun'’s (2008)ystMore specifically, the
former study with prospective primary school teastand the latter study with
prospective elementary mathematics teachers rel/g#e ‘writing an equation’

strategy was frequently used by the participantsil&sly, Duru, Peker, Bozkurt,
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Akgun and Bayrakdar (2011) reported that algelsttegy, corresponding to
writing an equation strategy according to someaeteers (e.g., Altun, 2008;
Koedinger and Tabachneck, 1994; Van Dooren, Veffaht Ongena, 2002), was
commonly used by prospective primary teachers. bage bearing in mind that
these two strategies were interchangeably useghrésent results were confirmed
with several research findings that used algelapproach as a strategy (Jiang &
Chua, 2010; Leikin, 2003; Van Dooren et al., 2002) state more explicitly, these
studies showed that, despite being called by diffenames, algebraic approach or
writing an equation or setting up equation strasgvere commonly used in the
solution of mathematical problems. There might tmae underlying reasons for the
common use of these strategies. Firstly, prospettiachers might feel that using a
formula would not require long time and therefdareould be easy for them to
directly apply formulas. Besides, they might féelttusing a formula was more
promising than finding other solution methods feasiching a correct answer.
Another reason might be due to the requirementsiwént educational policies.
University entrance examination held in Turkey ¢stssof a large number of
multiple choice items and the students are expedotedlve all items in a limited
time. Hence, the students seek to use corner-gutgorithms or formulas to race
against the time. Consequently, prospective teaaneght be more prone to using
formulas when they are asked to solve mathemaircdllems.

The other finding of the present study was thaitdiing a pattern’ strategy
was the least frequent strategy used by prospeel@eentary mathematics teachers.
This finding was supported by some studies initeedture (Altun, Memnun &
Yazgan, 2007; Altun & Memnun, 2008; Lee, 1982; Yazg2007). In more detall,
Altun, Memnun and Yazgan (2007) and Altun and Mem(2008) pointed out that
prospective teachers used ‘finding a pattern’ fesguently. Similarly, this strategy
was among the most difficult strategies for eleragnstudents (Lee, 1982; Yazgan,
2007). These could be because of two reasonslyl-ifetre was a problem directly
related to use of finding a pattern strategy inw@the sum of triangular numbers.

Despite this problem could be solved by the udending a pattern strategy,
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prospective teachers who knew the formula for tha ef triangular numbers
directly applied it to the problem. Consequentiypwing this formula by heart
might have impeded prospective teachers’ use dfrfgha pattern strategy which
required reasoning and interpretation more thagctir using a formula. Secondly,
prospective teachers might have felt that usindifig a pattern strategy needed
more attention and more time than the use of cdtrategies.

To improve prospective teachers’ problem solvingcpss and their use of
problem solving strategies some implications amdmemendations for further

research will be given in the following section.

5.3. Implications and Recommendations for Further Rsearch Studies

In the present study, main focus was first to itigase prospective
elementary mathematics teachers’ problem solvihgegement in terms of their
year level in the teacher education program andrgkto examine their use of
problem solving strategies in solving mathematmrablems. In the view of findings
and in the critique of previous literature, there some implications for prospective
teachers, teachers, mathematics educators, ammy padikers.

The findings revealed that prospective teachelem solving
achievement levels could be accepted as modetatgHy However, they were able
to use a limited range of problem solving strategi® state differently, prospective
teachers were inclined to use traditional methodé ss ‘using a formula’ and
‘setting up an equation’ that require route procedwr memorization. However,
prospective teachers are expected to use a widge 1@t problem solving strategies.
Therefore, mathematics educators should take areacdle in the teaching and
learning of problem solving processes and strasegier instance, problem solving
courses could be emphasized more in teacher edngatbgrams and the courses
related with mathematics education pedagogy mag igigre weight to problem

solving.
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Prospective teachers’ awareness of problem sostiagegies can be
enhanced by providing them with textbooks thatrextein problems requiring a
variety of solution strategies. Hence, textboolatg are expected to share the
responsibility in having prospective teachers adopide range of problem solving
strategies. Besides, policy makers may give wdighiesigning more problem
solving based courses in teacher education programs

In conclusion, prospective teachers, in-serviceltees, teacher educators,
and policy makers should take necessary actiosiimgwa variety of problem solving
strategies not only in mathematics courses butialsweryday life experiences. That
is, prospective teachers should be provided prolsigiwing courses that enable them
to apply a variety of problem solving strategiesttRrermore, mathematics educators
should make prospective teachers be aware of ti#gmn solving strategies in order
to increase their use of different problem solhstigitegies. Consequently, these
attempts might enhance the potential for prospedgachers’ adoption of a variety
of problem solving strategies.

In the view of findings and the critique of previoliterature, some
recommendations are offered for further studies.

This study was carried out with prospective elermgniathematics teachers.
A further research with in-service elementary mathtcs teachers might be
conducted to see whether different problem solgingtegies are used in actual
classroom environments and later the results obdasould be compared with that of
prospective teachers. In addition, in-service teegtproblem solving processes or
strategy may give valuable feedback to mathematicsators to make necessary
changes in teacher education programs. Thus, uicsdieachers’ problem solving
processes and strategies may be examined to séieewhieey know what these
strategies entail and when and how they can be used

The design of the study has some limitations foregalizability. For
instance, the sampling method was convenience sagnphich meant that the
researcher collected data from the individuals wice available (Fraenkel

&Wallen, 2006). In order to make generalizatiorirad findings to the population,
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further research including randomly selected sarfipha different universities in
Turkey could be performed.

A longitudinal study could be conducted to seect@nges in prospective
teachers’ use of problem solving strategies fréhgeiar to 4' year. By doing so, the
effect of the courses given in education facultiegrospective teachers’ use of
strategies could be seen more explicitly.

In this study, the researcher investigated thetiegiproblem solving
strategies of prospective teachers. In order testigate the factors affecting the use
of prospective teachers’ problem solving strategaesexperimental study could be
performed. In order to investigate the existinggtem solving strategies of
prospective teachers, the researcher developeabéeRr Solving Test including nine
open ended problems. Further research could beuctedito develop different
problem solving tests for measuring various prob$eiving strategies. Moreover,
these tests can include problems either from oné/specific mathematical topic or

from several mathematical topics.
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APPENDIX A

PROBLEM COZME TEST I

Sevgili arkadglar, bu test ilkgretim matematik gretmen adaylarinin problem
cozerken kullandiklar stratejileri belirlemek amda hazirlanmgtir. Arastirmadan
elde edilen veriler yuksek lisans tezi icin kullacgsindan testi ¢ozerken gereken
6nemi vermenizi rica eder, katihiminiz icirge&kir ederim.

Ars. Gor. Seher AVCU

Adi Soyadi: Sinif:
Cinsiyet: Sube:

Daha 6nce problem ¢ézme ile ilgili bir ders aldim#

Bugiine kadar almiolduzunuz se¢meli derslerin isimlerini sirasi ile yazini

1) awve b tam sayi olmak Uzere,
a’+b* =10
denklemini sgglayan kac farkli (a, b) sirah ikilisi vardir?
(Bu problemin birden fazla ¢6ziim yolu olabilir. Broblemi kag farkl yolla
cOzebiliyorsaniz her bir yol icin ¢gbzimlerinizi agyri yaziniz).
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2) Bir sayinin kendisinin, karesinin ve karekékunin tglami 276 oldiuna

gore bu say1 kagtir?
(Bu problemin birden fazla ¢6zim yolu olabilir. Broblemi kag farkl yolla

cOzebiliyorsaniz her bir yol icin ¢cbzimlerinizi agyri yaziniz).

3) Birbirinden farkli a, b, c,d sayilarinin her biri 1, 2, 3, 4 dgerlerinden
herhangi birisini almak kosuluyla ab + bc+ cd + ad ifadesinin
alabilecesi en buyiuk deger kactir?

(Bu problemin birden fazla ¢6zim yolu olabilir. Broblemi kag farkl yolla
cOzebiliyorsaniz her bir yol icin ¢gbzumlerinizi agyri yaziniz).
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4) 10 kisinin bulundu gu bir odada, her bir kisi diger tum kisilerle yalniz bir
kez el sikgirsa, toplam kag kez el silgmasi olur?
(Bu problemin birden fazla ¢6zim yolu olabilir. Broblemi kag farkl yolla
cOzebiliyorsaniz her bir yol icin ¢cbzimlerinizi agyri yaziniz).

5) Babasi Awe’ye Nisan ayinin bainda belli sayida tagan almistir.
Ayse’nin tavsanlarinin sayisi Nisan ayinin sonunda %210 artrgtir. Mayis
ayinda 10 tawan dogmustur ve Mayls ayinin sonunda Aye,

tavsanlarinin %’ini satmistir. Haziran ayinda 20 tawan daha d@mustur

ve Haziran ayinin sonunda Age, tawanlarinin yarisini satmstir.

Temmuz ayinda 5 tagan daha d@unca Ayse’nin toplam 55 tawani

olmustur. Buna gore, babasi Age’ye Nisan ayinin bainda kag¢ tawan

almistir?

(Bu problemin birden fazla ¢6zim yolu olabilir. Broblemi kag farkl yolla
cOzebiliyorsaniz her bir yol icin ¢gbzimlerinizi agyri yaziniz).
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6)

7

Ahmet golde tek sira halinde kgu toplulugu gérmektedir. Ahmet
* herhangi iki kugunun 6niinde iki kugu oldugunu
* herhangi iki kugunun arkasinda iki kugu oldugunu
* herhangi iki kugunun arasinda da iki kugu oldugunu
sOylemektedir.
Ahmet golde_en axkac kugu gormektedir?
(Bu problemin birden fazla ¢6zim yolu olabilir. Broblemi kag farkl yolla
cOzebiliyorsaniz her bir yol icin ¢cbzimlerinizi agyri yaziniz).

Canan’in bahcgesinde tayanlari ve tavuklari vardir. Canan bahcesindeki
toplam tavsan ve tavuk sayisinin 22 oldgunu séylemektedir. Tawan ve
tavuklarin toplam ayak sayilarinin 56 oldyunu belirten Canan’in

bahcesinde kag tane tagani ve kag tane tavgu bulunmaktadir?

(Bu problemin birden fazla ¢6zim yolu olabilir. Broblemi kag farkl yolla
cOzebiliyorsaniz her bir yol icin ¢gbzumlerinizi agyri yaziniz).
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8) Bir cekmecede 8 mavi, 6 ywal ve 12 siyah corap bulunmaktadir.
Coraplara bakmamak sartiyla cekmeceden en akac corap alinirsa_ayni
renkte en az 2 corap elde edilngiolur?

(Bu problemin birden fazla ¢6zim yolu olabilir. Broblemi kac farkl yolla
cOzebiliyorsaniz her bir yol icin ¢cbzimlerinizi agyri yaziniz).

9) 13 +23+33+43+ ...+ 93 + 103 toplama isleminin sonucu kagtir?
(Bu problemin birden fazla ¢6zim yolu olabilir. Brolplemi kag farkli yolla
cOzebiliyorsaniz her bir yol icin ¢gbzumlerinizi agyri yaziniz).
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