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Abstract

This study aims to reveal different aspects of the opinions of pre-service primary
mathematics teachers about problem solving and proof. Accordingly, the research is
carried out on 158 pre-service teachers studying at all grades of primary mathematics
teaching in a state university in the Eastern Anatolia Region of Turkey during 2013-
2014 academic year fall semester. The study concludes that most of the students define

a problem as a “statement waiti magvicdteachdrse sol ved?”. |
understand problem solving as “ over comi ng <chal | en g-8esvice Mo s t of t
teachers define proof as “verification or fal si f
accordingly, proving as “verifyi-sewyiceteachefsal si fyi ng”

stated that the major difference between proving and problem solving is while the
former is a verification, the latter is an activity of reaching a result. It is concluded that
opinions of pre-service teachers about the relation between problem solving and
proving are not distinctive. Moreover, opinions of pre-service teachers are evaluated
and discussed according to grades.
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Introduction

Problem is a state of conflict where an individual experiences hindrance in reaching a target

(Morgan, 1980). The concept of problem covers daily problems and psychological distresses

(Heppner & Krauskopf, 1987). John Dewey defines problem as everything that confuses and

chall enges human mind, and obscures belief (Baykul
we can say most situations in an individleo)l s | i fe
defines problem as a hard or ambiguous questions which typically requires a research or

di scussion to be solved. According to TurnukIld and
question which directs the individual to solve it due to its confusing nature; it has no standard

solution because of seeing it for the first time, and can only be solved by way of correctly using

that individual’ s knowl edge. During early years of
problems related to needs, while in the years ahead, complex and versatile problems show up.

The more courage the individual shows in facing and solving these problems, the more

successful he/she will be in adapting to life (Coovey, 1999). Constant and rapid changes in

world and environment conditions make it a necessity to provide all-round education to

individuals and help them generate the most realistic and scientific solutions to real-life

problems.

In the most general sense, problem solving is the act of reaching aimed solutions by individuals

(Tasc¢1 , 2005) . According to another definition, pr
difficulty, merging the facts about the difficulty, specifying data to be collected, providing

solutions, testing the solutions, and finding simplerway s t o express the problem

Akbi1ryi1 k, 2006) . Problem and problem solving structt
i s a subject widely studies by many educators and

Problem solving is a cognitive process (Kaya, 2005).

In mathematics, problem solving is the act of overcoming the problem by way of using
required information and performing operations through cognitive processes (Altun, 1995). In
mathematics, problem solving covers solving simple word problems and non-routine problems,
applying mathematics in real-life situations and providing interpretations to create new fields
(Baki, 2008). Success in mathematics is directly related to good problem solving. In this regard,
problem solving process is significant in mathematics teaching and learning. Since problem
solving is also a scientific method, it requires critical, creative and reflective thinking, and use of
analysis and synthesis skills (Soylu & Soylu, 2006). There are various problem solving activities
in mathematics. One of them is mathematical proof which is a complex and systematic problem
solving activity where hypotheses are formulated and tested (Shipley, 1999).
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Proving is the act of providing satisfactory evidence to show whether a judgment, assertion or

result i s true or fal se (Yt I diri1m, 1996) . Mat he me
mathematical expression is true or false. In other words, it is an indicator of the generalizability

of the argument or pattern in all conditions (Baki, 2008). Mathematical proof, is typically

considered the most conclusive proof among existing proofs (Brockman, 2007).

Mathematical proofs contribute to the development and systematization of mathematics
(Almeida, 2000; Hanna, 2000; Hanna & Barbeu, 2002) as well playing an important role in
mathematics education. Mathematical proof is a significant part of mathematics education
(OGzer & Ari kan, 2002) . Mat hemati cal proofs i mprove
students (Kitcher, 1984). It serves many functions related to learnings of students. These
functions are verification, explanation, systematization, exploration, communication, creating
an experimental theory and putting known facts into a new frame and forming a new point of
view (Hanna, 2000; Hanna & Jahnke, 1999). Thus, proofs should be emphasized in all stages of
education including primary and secondary education in order to improve mathematical
thoughts of students (Moral et al ., 2006) .

Problem solving and proof have an important place in mathematics and mathematics
education. Schoenfeld (2009) emphasizes the importance of both activities with the following
expression: “f problem solving is the heart of ma
researchers remark that problem solving and proof are closely related, intertwined activities.
For instance, Weber (2005) states that proof activities can be regarded as problem solving
activities for students in showing the logical validity of a statement. In parallel with this idea,
Altun (2007) asserts that each theorem can be regarded as an extraordinary problem solving
activity. Furinghetti & Morselli (2009) points out that proof is a special case of problem solving.
The relationship between proof and problem from stu
follows: mathematical proof provides students with new tools, strategies and methods for
problem solving (Rav, 1999). Accordingly, we can say that proof helps students to solve
problems in an easier way. Considering the fact that opinions on proof affect proof activities
(Furinghetti & Morselli, 2009), it is important to lay stress on opinions of students. And this

study aims to find out the pre-s er vi ce mat hematics teachers opinion

and proof. Accordingly, the following study questions are posed:
1. What do pre-service teachers think about definition of problem?
2. What meanings do pre-service teachers attribute to problem solving?
3. What do pre-service teachers think about definition of proof?
4. What meanings do pre-service teachers attribute to proving?

5. What are the differences between problem solving and proving according to pre-
service teachers?

6. What do pre-service teachers think about the relation between problem solving and
proving?
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Method
Research Model

The study employs qualitative research approach. Case study design is accepted as the most
suitable qualitative research design for the study. The data analysis in case study design focuses
on one phenomenon which the researcher selects to understand in depth regardless of the
number of sites or participants for the study (Mcmillan & Schumacher, 2001). This study aims to
thoroughly and richly reveal opinions of pre-service primary mathematics teachers about
problem solving and proof.

Research Group

The research is carried out on 158 pre-service teachers studying at all grades of primary
mathematics teaching in a state university in the Eastern Anatolia Region during 2013-2014
academic year fall semester. 45 pre-service teachers are first graders, 49 second-graders, 34
third-graders and 30 fourth-graders.

Data Collection

Researchers designed and used a data collection tool consisting of six open-ended questions.
Data collection tool includes two open-ended questions apiece to reveal what pre-service
teachers think about problem solving and proof definitions, what meanings they attribute to
problem solving and proving and lastly, what they think about the differences and relations
between problem solving and proving. Research data are collected by taking written answers to
questions for students. An expert academician on qualitative research methods was consulted
while creating the data collection tool. In line with the views and suggestions, data collection
tool took its final shape to be applied on pre-service teachers.

Data Analysis

Review of written answers by pre-service teachers show that two preser vi ce teachers di
give an answer. Hence, opinions of these two pre-service teachers are omitted from the
research. Content analysis method is used for data analysis. Content analysis gives meaning to
raw data, creates a certain framework and reveals codes and categories and concretizes the
clarified subject (Patton, 2002). Authors first jointly reviewed the opinions of fourth-grader pre-
service teachers to determine the codes and categories. Then, answers of participants were
separately reviewed by authors to establish the codes and categories. At the end of the analyses,

aut hors convened and finalized codes and categories
mostly put into only one category, but there were cases where the answer was put into multiple

categories. Some of the participants didn’t answer ¢
answer” category. Answers of students were frequent|

it is aimed to improve the validity and reliability of the research.
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Findings
Preservice teachers were asked “ What is a problem?”

about the definition of problem. Answers of pre-service teachers are grouped under fourteen
categories. Analysis of the number of categories according to grades show that first-grader pre-
service teachers have their opinions grouped under seven categories, second-graders under
eleven categories, third-graders under eight categories and lastly, fourth-graders under nine

categories. Table 1 shows the percentage values of preeser vi ce teachers opi Nni ¢
definition of problem and number of repetitions.
Tablel.Prees er vi ce teachers’ opinions about definition

Categories 1st 2nd 3rd 4th Total

Statement waiting to be solved 52% 52% 44% 14% 42%

Challenge 34% 20% 35% 28% 29%

An ambiguous situation 2% 2% 3% 20% 6%

An unknown thing 2% 8% 11% 5%

Trouble 2% 2% 6% 11% 5%

Complexity 4% 4% 3% 3%

No answer 4% 4% 3% 3% 3%

Difficulty 3% 5% 2%

Anxiety 5% 1%

Undesirable condition 2% 3% 1%

Finding a different value 3% 0.5%

Method 2% 0.5%

Phenomenon interrupting the orderly flow 2% 0.5%

Everything 2% 0.5%

Total 100% 100% 100% 100% 100%
According to Table 1, great majority of pre-service teachers answered the questi on “ What i s a
probl em?” as “a statement waiting to Dbesersicel ved” an
teachers defined problem as “an ambiguous sitwuati ol
“complexity”. Very few of t he pdrffccphhyd8, cabhhgd
“undesirable condition”, “finding a different value
system fl ow” and “everything”. When opinions were

second and third-grader pre-service teachers define d pr obl em first as a statem
solved” and secondl y -gradergre-derwvibedehcheesdafiwed problem firgt t h

as a chall enge”, secondly as an “ambiguous situat:i

grader pre-service teachers showed more variety in problem definition opinions compared to
ot her grades. Bel ow are some sample statements abo
“chall enge” and

“ ”

ambi guous situation”, respectively
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hidw ‘-’f’ b A #ﬂo"l Lobls Relared to people, the statement waiting to
: be solved for the people
MNodebe bl -

Related issues in front of us, it is a challenge
mark forming question mark All kinds of
challenges on an issue individual experience.

A
Ohimize gken Wi kop e gl kinicke S=ty (yoedi olughien
Soranerch, Piginia \c.u-,.\-..%-.% Vo 344 sorndue

Bize br cumd iliskin '..Jg bilayily B verdee liskm Data are reported on a case to us. There is
an unknown situation related to these data.

Mmmﬁ" ov outum o Boor gopien A We call rhis problem.

Fig. 1. Sample statementsof pre-s er vi ce teachers opinions about defini

Preservice teachers were asked the question “What do
sol ving?” to reveal what meaning thewecalbcted i but e t o
under seven categories in first and third-graders, and eight categories in second and fourth-

graders. Table 2 shows the meanings attributed by pre-service teachers to problem solving and

repetition frequency in percentage values.

Table 2. Meanings attributed by pre-service teachers to problem solving

Categories 1st 2nd 3rd 4th Total
Overcoming challenges 33% 35% 51% 45% 40%
Reaching a result 27% 35% 14% 13% 24%
Searching solution ways 13% 12% 6% 10% 11%
Clarifying a situation 7% 6% 14% 3% 7%
Finding the intended result 2% 4% 3% 13% 5%
Revealing 13% 2% 3% 5%
No answer 5% 4% 6% 3% 4%
Systematic finalization 2% 6% 10% 4%
Total 100% 100% 100% 100% 100%

According to Table 2, majority of pre-service teachers consider problem solvingas“ over comi ng

chall enges”, “reaching a result?”, “searching sol uti
this idea respectively. Few of the preeser vi ce teachers stated "“finding
“revealing” and " syst e ma kit mind§ wherathlkirg aliout proBlemc o me t o

’

solving. Review of pre-s er vi ce t eachers opinions by-grgderades show

pre-service teachers consider problem solving as overcoming challenges and reaching a result.

In contrast to first and second-graders, third and fourth-graders consider problem solving

clearly as overcoming <challenges. Bel ow are some
searching sol

chall enges”, “reaching a result

and
top three categories.
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g i W h e s D s gEoss s aass
Gnon bl onveden belirlenen P’M M.I.;Hr‘f Overcoming challenges with predetermined
ways.

Problem solving is reaching result about a

Proklen cdzme BT sstn Woklunde gores slosmehinn e font i . _
challenge. It is learning of questions wondered
oo sonulernn °§'“‘\““HT~ Sero hokhoch ‘f‘"“""“‘*"- by us. It is enlightenment about question

It pb Searching solutions in different ways, such as

cramek, Jerll, dd‘gpl. e dx-lsb :
knowing what to do to be able to go home

astrrmdd .
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Fig. 2. Sample statements about meanings attributed by pre-service teachers to problem solving

Preservice teachers were asked the question “ What i s
the definition of proof. Answers are grouped under three categories in first-graders, 10

categories in second-graders, six categories in third-graders and eight categories in fourth-

graders, making a total of nine categories. Table 3 shows the categories and repetition frequency

in percentage values.

Table3.Pre-ser vi ce teachers’ opinions about definition
Categories st 2nd 3d 4th Total
Explanation 51% 35% 39% 31% 39%
Verification or falsification — 47% 33% 36% 44% 39%
Problem solution 6% 16% 3% 5%
Showing the existence 2% 3% 9% 3%
Accuracy 8% 3%
Finalization 6% 3% 3%
No answer 4% 3% 2%
Generalization 2% 3% 1%
Consistency 2% 3% 1%
Operational and classic 3% 1%
Formulation 3% 1%
A pile of useless concepts 2% 1%
Detailed method 2% 1%
Total 100% 100% 100% 100% 100%

According to Table 3, pre-service teachers define proof in general and on basis of grades as

“explanation” and “verification or falsification”
“verification or falsification” ansgprovidekredatve ati on”
opinion on the definition of proof. This participant

Bel ow are some sample statements about

explanatio
problem solution”, r aed ethréeicategokies. t he most repe
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Necessary and satisfactory explanation about

Expression and articulation of solutions to a

Preservice teachers were asked the question “What do
to reveal what meanings they attributed to proof. Answers are grouped under five categories in
first-graders, thirteen categories in second-graders, nine categories in third- and eight categories
in fourth-graders, making a total of fourteen categories. Table 4 shows the categories and
repetition frequency in percentage values.
Table 4. Meanings attributed by pre-service teachers to proving
Categories 1t 2nd 3rd 4th Total
Verifying or 47% 34% 30% 30% 36%
falsifying
Explaining 33% 26% 22% 27% 27%
No answer 13% 4% 14% 8%
Solving problems 2% 4% 6% 17% 6%
Finalizing 5% 2% 11% 10% 6%
Systematic process 9% 3% 7% 4%
Revealing 9% 3% 3%
Detailed study 2% 8% 3% 3%
Expressing the reality 2% 3% 3% 2%
Asserting a claim 3% 1%
Reaching core 2% 1%
Obtaining formula 2% 1%
Memorizing 2% 1%
Reaching saturation 2% 1%
Total 100% 100% 100% 100% 100%
According to Table 4, majority of precser vi ce teachers consider provin
falsifying”, and *“ expderiwmiimeg "t. e a&Scomeer so fa ttthrei bputee “ Sol
“finalizing” meanings to proof. Though few in numbe:l
of “systematic process’”, “revealing”, “detail ed st
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clai m”, “reaching core*“, “obtai niinmgg foatmurl at”i, o "“"mefmrc
proving. Opinions of students show that pre-service teachers mostly focus on verification
functions of proving. Though few in numbers, there are pre-service teachers paying attention to
the systematization function of proving. A pre-service teacher attributed a negative meaning to
proof. This participant attributed proof the meaning of memorized solution to problems.
Review on the basis of grades show that al |l grade
falsifying”, then Agsof dkpbhyni mgrvice teathers atyibute h a t pr e
proof the meaning of showing the correctness of a statement as well as why it is correct. Below
ar e S 0me sampl e statement about “verifying or f a
pr obl e tegories, egpectively the most repeated top three categories.
T g Ul o & et o It is showing truth or falsity of statement with
T varied ways
Thmin edici en aﬁd alklama Satisfactory and the most beautiful explanation
O s e . - - z-irm"mg pre-made solution to the given problem
(il datnd L b ol ok esf. is expressed as proof by us
Fig. 4. Sample statements about meanings attributed by pre-service teachers to proving
Preservice teachers were asked the question “I1If any,
probl em solving and proving?” to reveal wh a't they t
problem solving and proving. Answers are grouped under six categories in first-graders, ten
categories in second-graders, nine categories in third-graders, eight categories in fourth-graders,
making a total of fourteen categories. Table 5 shows the categories and repetition frequency in
percentage values.
Table5.Pre-s er vi ce teacher s’ opinions about difference bet we:é
Categories 1st 2nd 3rd 4t Total
Problem solving is an activity to reach a solution 62% 58% 11% 43% 45%
while proving is activity of verification.
No answer 4% 9% 36% 13% 15%
While problem solving is more superficial, proof is 10% 9% 11% 8%
more extensive
Proving is more accurate 10% 9% 8% 7%
Proof is more general 2% 8% 17% 6%
No difference 10% 2% 8% 5%
While proving is objective, problem solving is 2% 6% 7% 3%
subjective
Proving is close to interpretation and more scientific ~ 4% 2% 2%
Proving has less solutions 2% 7% 2%
Proving requires much more information 5% 1.5%
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Categories 1st 2nd 3rd 4th Total
While problem solving overcomes problems, 6% 1.5%
proving includes explanation
Proving is more orderly 6% 3% 1.5%
Proving is a repetition 7% 1.5%
Proving has no place in daily life 3% 1%
Total 100% 100% 100% 100% 100%

In Table 5, it was seen that pre-service teachers stated their opinions about the differences

between problem solving and proof according to their perception of problem solving and

proving. Most of the pre-service teachers consider problem solving as an activity to reach a

solution, while considering proof as an activity of verification. Some of the pre-service teachers

di dn’ t answer this question. These opinions ar e f
superficial, proof is more accurate, proof is more general, and there is no difference between

problem solving and proving opinions. Though few in numbers, there are opinions that proving

is more objective, close to interpretation, involves less solutions, requires much more

information, includes explanation, is more orderly, is a repetition and has no place in daily life.

When viewed according to grades, first-, second-, third- and fourth-grader pre-service teachers

consider problem solving as an activity of reaching a solution, and proof as an activity of
verification. Most of the third-gr ader s di dn’ t answer this question.
statements about “proving is verification, probl em
more accurate” and mMoprreo bd epre rsfoilcviianlg, iwshi |l e proving
categories, respectively the most repeated top three categories.

Proof is to show the truth or falsitv. The
problem is to reach a solution.

lpat  deanbgy vesa gyanldldl  gastermekdir
Prodem ige  bir cxme  thumeklir,
i"f J Lq;,. lr: ) - L:,L,:' Proof involves certain assertion. Problem has
Poblk e damalil  tobdur. Gureeadi L

no precision. It is relative.

Problem d&“" Mpegse! ve ety Problem solving is superficial and based on
Forsd tu blamhi cbbs abd e ~orHP sbpld:  rote. Transaction of proof is deeper and based
Lol on logic

Fig. 5. Sample statementsof pre-s er vi ce teachers opinions about difference

proving
Pre-service teachers wer e asked the question” | f any, what sorf
problem solving and proving?” to reveal what they t

solving and proving. Answers of participants are grouped under eight categories in first-,



Middle Eastern & African Journal of Educational Research, Issue 14
Year 2015
41

second- and third-graders, seven categories in fourth-graders, making a total of eight categories.
Table 6 shows the categories and repetition frequency in percentage values.

Table6.Pre-Ser vi ce Teachers Opinions abouahdPkoeihgat i on

bet ween

Categories 1st 2nd 3rd 4th Total
Proofs can be used in problem solving 23% 14% 29% 16% 20%
Both are means to reach a solution 11% 34% 16% 10% 19%
Proof shows the validity of problem solution 37% 5% 20% 6% 17%
No answer 3% 7% 23 16% 12%
Proving is a problem solving activity 9% 19% 3% 13% 12%
There is no relation between them 11% 5% 3% 29% 11%
Proof is constructed by means of problems 3% 14% 3% 5%
Proving facilitates problem solving 3% 2% 3% 10% 4%
Total 100% 100% 100% 100% 100%

According to Table 6, in contrast to answers to the first five questions, pre-service teachers
didn’t arrive at a <certain consensus about
solving and proving, and their opinions varied. Most of the pre-service teachers stated that they
can make use of proofs in problem solving, both means reaching a solution and proof shows the
validity of the solution to problem. Some pre-s er vi ce teachers didn’t
stated proving is a problem solving activity and there is no relation. These opinions are
followed by constructing proofs by means of problems and the opinion that proof facilitates
problem solving. It is an interesting fact that quite a few participants think there is no relation
between problem solving and proving, and provided no answer to this question. Accordingly,
we can say that there is no clear opinion of students about the said relation. On the basis of
grades, majority of first-grader pre-service teachers stated that proof shows the validity of
problem solution and proofs can be used in problem solving process. Most of the second-grader
pre-service teachers stated the both proof and problem solving is the act of reaching a solution.
Third-grader pre-service teachers remarked that they can make use of proofs in problem
solving. Moreover, third-grader pre-service teachers had the lowest rate of answering this
question. Most of the fourth-grader pre-service teachers stated that there is no relation. Below

are some sample svafememanhsbabased”Pn probl em

reach a solution”, and “Proof shows the val

the most repeated top three categories.

their

answer

sol vi

di

ty

(

n
of
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proving

Conclusion, Discussion and Suggestions

Review of the first research questions concluded that most of the pre-service teachers define

problem as “a statement waiting tomolwae sbingldl)], “anc
ambi guous situation” and “trouble” definitions resp
few in numbers, there are pre-s er vi ce teachers defining problem as
“anxiety”, “undesirabl eersdntuavalomé”’, “fimeadhoadg, aamndd f 1
interrupting the orderly fl ow”. This result shows p

problem as everything that confuses and challenges human mind, and obscures belief (Baykul,
1987). Van De Walle (1994) defines problem as a hard or ambiguous questions which typically
requires a research or discussion to be solved. Definitions by students also include joint
concepts of finding a solution, ambiguity and difficulty. From this point of view, we can say
that what students think about the definition of problem closely corresponds to definitions of
problem in the literature. The overall trend of opinions on the basis of grades show that first-,
second- and third-graderpre-s er vi ce t eacher s d e dtatement waitirgglolbe m f i r st

solved”, and secondly as *“-grader Ipra-betvieentahérs. defihed we ver , f «
problem first as “a challenge”, secondly as “an ambi
The study to reveal what meaning pre-service teachers attribute to problem solving showed that

preservice teachers attributed the meaning of "“overc
Some of the students stated that wh at problem sol vi
“searching solution wawsati@amd. “dhamsi fryeisrug ta shiows
Tasc¢cl1's (2005) finding that in the most gener al s e
aimed solutions by individuals. Though few in numbers compared to other opinions, there are

pre-service teachersconsi der i ng problem solving as “finding the
and “systematical finalizing”. Whe-anditseadndgraden t he ba:

pre-service teachers attribute problem solving the meaning of solving problems and reaching a

result, third- and fourth-grader pre-service teachers clearly understand solution to problems

from problem solving. Seferoglu & Akbiryir k (2006) d
certain difficulty, merging the facts about the difficulty, specifying data to be collected,

providing solutions, testing the solutions, and finding simpler ways to express the problem.
Accordingly, prees er vi ce teachers’ opinions about problem so
Seferoglu & Akbiyir k (2006) .
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The study to reveal what pre-service teachers think about the definition of proof showed that

participants consider proof as an “explanation” an
ter ms. Thi s i s in conformity with Yi | dactofm’ s (199
providing satisfactory evidence to show whether a judgment, assertion or result is true or

fal se”. Though few in number s, this opinion is foll
existence”, “accuracy”, “finaldmay”i,on™ o0pergaetnieamdli z
classic”, “formulization”, “pil e of usel ess concefg
Student s’ Vi ews ar e i n parall el wi t h Baki ' s (2008

mathematical proof is the act of proving whether a mathematical expression is true or false. In
other words, it is an indicator of the generalizability of the argument or pattern in all conditions.
When we take opinions on the basis of grades, all gl
and explanation”. In line with these tho

or falsificati 0 n
to mathematical proof. First is leading a hypothesis to a conclusion with logical steps, second is
understanding why and how assumptions are used. So, proofs are important in both showing
the correctness of a mathematical expression and also why it is true. Accordingly, great majority
of the students opinions about the definition of pr

Student s’ opinions about whproof wes amalyzedyte findlarey attri b
answer to the fourth research question. Findings show that pre-service teachers mostly

attributed a meaning to proving in parallel with their definition of proof. And they remarked

they consider provi ngr | faalg®il fyy iarsg verd f'yexmgl ai ni ng”
parallelism with Doruk & Kaplan’s (2013ervicnd Gul er
mathematics teachers attribute the meanings of verifying and explaining to proving. Some of

the participantsat t r i but ed proof the meanings of solving pr

few in numbers, pre-service teachers understand the acts of systematic process, revealing,
detailed study, expressing the reality, asserting a claim, obtaining formula, memorizing and
reaching saturation from proving. Given the pre-s er vi ce teacher s’ opinions, [
students focus on the verification and explanation functions of proof. Though few in numbers,
there are pre-service teachers paying attention to the systematization and discovery functions of
proof. This brings to mind that other functions of proof indicated by Hanna (2000) and Hanna &
Jahnke (1999) are not regarded by students. From this standpoint, students should explore other
functions of proof regarding acquisition of mathematical knowledge. Particularly,
communication function of proof, which plays a significant role in making mathematics a
systematic and dynamic science, should be conveyed to the students. When viewed on basis of
grades, it is concluded that all grades consider proof first as verifying or falsifying, then as
explaining.

Preesser vice teachers opinions about the difference be
analyzed to find an answer to the fifth research question. The research shows that pre-service
teachers clearly state the major di fference bet wee
proving is an verification, problem solving is an a
parallelism with the meanings attributed by pre-service teachers to proof and problem solving.
These statements are also consistent with problem solving and proof statements in the literature

(Tasc¢1 , 2005; Baki , 2008) , but do not correspond t
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solving and proof. Altun (2007) asserts that each theorem can be regarded as an extraordinary
problem solving activity. Similarly, Weber (2005) states that proof activities can be regarded as
problem solving activities for students in showing the logical validity of a statement. Upon
review of studies on the relations between problem solving and proof, researchers concluded
that proof can be considered as a problem solving activity. These ideas are followed by the
opinions that proof is more accurate, problem solving is more superficial, while proof is more
extensive, proof is more general, there is no difference, proof is objective, while problem solving
is subjective, proof is close to interpretation, proof has less solutions, proof requires more
knowledge, proof provides explanations, proof is more orderly, proof is repetition and proof
has no place in daily life. Moreover, it is interesting that quite a few pre-s er vi ce teacher s di
answer this question. On the basis of grades, all grades except third-grade think that the major
difference is while problem solving is an activity of finding a result, proof is an activity of
verification. Most of the third-grader pre-service teachers left this question unanswered.

Upon review to find an answer to the last research question, it was concluded that pre-service

teachers don’t have a joint and distinct opinion abc
solving. Pre-service teachers typically gave similar numbers of various answers. Pre-service

teachers statedbéhaseldpi oofpyr obdem sol ving”, “both
solution”, and “proof shows the validity of problem
the views that “proof is a problem solving activit
(except views t hat there is no relation) show parallelist

mathematical proof is a complex and systematic problem solving activity where hypotheses are
proving
“proofs

formulated and tested. Though few in numbers, some pre-service teachers stated th a t
is constructed by means of probl ems” and
supports the research result that proving provides students with new methods, strategies and
tools for problem solving (Rav, 1999). Moreover, it is interesting that quite a few pre-service
teachers didn’t answer this question. Taking opinio
question was more clearly seen. First-grader pre-service teacher stated that proof shows the

validity of problem solution by taking the verification function of proof into consideration,

while second-graders thought in a more result-oriented way and stated that both are means of

reaching a result. Third-grader pre-service teachers took an operational approach and thought

proofs are used in the problem solving process. Fourth-graders stated that there is no relation

between proof and problem solving. Accordingly, we can say that fourth-graders are mistaken

in thinking that there is no relation between proof and problem solving. This supports Doruk &

Kaplan’'s (2013) research result. Accordingly, neces
where proof and problem solving activities are intensively used in order to help students

explore this relation.
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