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Abstract
The purpose of this study is to determine the legristyles of pre-service elementary school teachérthe
University of Petra, and to assess their abilitgdtve mathematical problems according to Polyteegegy. This
research was administered to 85 students who hagleted a course on basic concepts in mathematitsgd
the second semester of 2013-2014 academic yearsollBxt the data, the researcher employed twostyde
instruments: the Learning Style Inventory (LSQ),iaclhwas prepared by Honey & Mumford (1992), and the
Mathematical Problems Solving Test (MPST) accordingPolya's strategy, which was prepared by the
researcher. The study concluded that studentstheckbility to solve mathematical problems and thatlevel
of students' ability to solve mathematical problerases depending on the school year. In additibe,study
concluded that students' ability to solve matherahtproblems varies depending on their learnindestyhe
most frequently preferred learning style was AstiReflector style, which showed better performaite
solving math problems than other styles.

Keywords: Learning styles, math problem solving, G. Polya

1. Introduction

1.1 problem solving

Problem solving is considered one of the essemgnitive activities used in daily life contextsnda
mathematical problem solving is seen as the mogpbitant part in the field of mathematics. Mathewilti
problem-solving as been the focus of mathemat&shiers and workers, even in specialized centres &sithe
National Council of Teachers of Mathematics anduaimer of educational researchers, consideringragstg
effect in raising thinking levels in learners areldloping their abilities to solve problem (NCTM8E).
Mathematical problem-solving also holds great intgpace in being the final objective and outcome haf t
teaching and learning process; it is seen as tmeeatoapproach to thinking in general; for therenis
mathematics without thinking, and no thinking witih@roblems.

The problem meant that the gap between the indiidnd accomplishing his or her goals and resolvirg
existing problem; this is observable in a numbedifferent ways, starting from games to varioushpems of
daily life. Notably, students who have a great ide8d understand problems and to solve the moftulif of
these problems are usually those who provide atearad unique answers (Coutinho, 2006). In faetching
problem solving is seldom found in formal teachenyironments, because teachers understanding bfepno
solving strategies are quite limited. Additionallstudies focused on teaching development give ditilg
attention to the process of problem-solving (Joeas2000).

Problem solving requires a large amount of trainiagd learners encounter a lot of difficulties wiving
mathematical problem. The weakness in understandhef problem by the students is due to lacking
mathematical strategies that assists in problemirapl as well as the necessary mathematical skl low
motivation. Many students and teachers see thdemokolving process as a headache (Soancatl 2040).
There are various strategies that teach us howlte problems, and the most successful way to ldserskills
of problem solving is gained through a meaningfahtext. In this situation, the learner needs a @iet
evidence to explain success or failure througlptioeess of problem solving (Mayer, 1998).

Understanding what the individual does in the psscef problem solving is one of the most criticghects of
learning how to solve problems. Thus, students pb®sess learning, thinking, and problem solvingtsgies
are more capable of using and integrating the ptesly mentioned skills in various situations thawople who
do not possess that knowledge (Cai, 2003). Ghaat2) asserts that students face difficultieshim teacher
preparation phase when it comes to mathematicallgmosolving due to students’ lack of knowledgepadper
teaching styles and methods, in addition to a géwegakness in the field of mathematics.

Problem solving depends on three basic componerdthematical and arithmetic skills, metacognitikéls
and determination combined with aspiration. Themapgonents are influenced by the steps and instngtihat
work to enhance non-routine problem solving, orsthproblems which appeared in non-mathematicalkegont
(Mayer, 1998).

Problem solving is not an easy task, as there aeus types of problems. Different levels of efff@tyles and
proper teaching methods are necessary for solVieget problems and arriving at the appropriate ambrdor
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problem solving training (Soancatl, et al., 20IMe lake of problem-solving skills in any academiject is
one of the most important factors that lead manglestts to failure and frustration (Carmo et alQ&0 Students
need to learn how to think through problem solvamgl how to properly analyze their steps while ngagla
problem.

Problem solving has a long history in the fielchmdthematics; numerous studies have focused ofsthie with
intensified attention. Problem solving in the fi@fimathematics has been the focus of many studles.year
1945 was a turning point in the history of teachimgthematical problems; it was the year in whicloi@e
Polya set the steps of mathematical problem soland encouraged people to initiate the problemisglv
process; In his book “How to Solve It” (Louange ,0Z). Polya argues that the problems individuale fand
which could be quite simple problems, challengel#aener’s curiosity and generate a feeling of gment in
discovery. This in turn leaves a positive impacttlom learner’s self in different life stages. Adulitally, Polya
argues that the skill of problem solving, like thcess of learning how to swim, requires a langeunt of
training and experimenting. Polya's strategy hagsived wide acceptance, and has become the basihef
strategies. The researcher has chosen this straitegy all recommendations and strategies in stutkal with
mathematical problem solving are editable and caratcommodated one way or another to fit the Pslya’
strategy. Listed below are Polya's stages of prolselving:

1- Understanding the problem: In this stage, one nugsitify available information, data and its sufiacy,
assumptions, and the desired outcome.

2- Devising a plan: in this stage, the learner shattémpt to link information and data with the dedir
outcome — in case this link is not clear enough,léarner must devise a plan that illustrates hmyoin the
available information with the desired outcome.

3- Carry out the plan: this is the step where thenkars required to carry out the solution and \atkdthe
sequence of problem solving steps.

4- Examine the solution: examining the solution ivatidate the answer and results.

Figure (1) shows the relationship between problelvirsg and the required processes during thesestag
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Figure 1 . G. Polya's problem solving steps

Polya argues that problem solving is to find a wayesolve a difficult situation, overcome an obktaand
achieve a desired goal in a time when there adenown ways of problem solving. Polya also belietrest the
problem solving strategy is independent of the matd the question/problem. In other words, théspscan be
applied in different contexts and situations (Ppla45).

1.2 Learning style

Learning style is one of the key processes thatcaffur lives. It also directs and changes our Wiehand the
way we deal with daily issues. During the learnprgcess, individuals are more inclined to prefdfedent
methods of dealing with, processing, and interggctifth information. These methods or preferencescaitled
Learning Styles §irin & GUzel, 2006).Thus; understanding learning style essential and necessary for
identifying the individual’'s personal learning stydnd discovering the best way to present knowledgbe
learner (Montgomery & Groat, 1998). A number of gfsylogists have pinpointed different learning stybased
on specific standards of classification. Identifyithe preferred learning style of a learner is inguat in that it
guides the learner toward success and helps hiheoavoid failure. It also helps in improving theatning
process and in designing educational programs (8sv&i Senior, 1999).

Students have different information processing esyst or learning styles. Identifying students’ witis
particular learning styles and his information @eging systems could be helpful to him and to ethre
designer and faculties. Learning styles can bectre of most teacher-training programs. Notifyitigdents
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about their learning styles will support their ldag and enhance student performance. AlthougHyirag
instructors about their students’ learning stylas contribute to for the use of various methodgathing.
Honey and Mumford (1992) stress that the liteeatrelated to teaching methods and learning stytest p
toward the benefits of knowing and identifying @ferred learning style of the learner; turning thi®wledge
into action motivates the learner conscious angheie® his or her understanding of their perspeetingeway of
learning. Additionally, Louange (2007) asserts tidantifying a learner’s preferred learning styite respect to
his or her learning characteristics, helps thenkeato develop and achieve learning goals, enh&emehing
strategies and increase the efficiency of the lagrautcome. Ozgan & Alkan (2012) consider theréaay style
as a factor that affects how an individual learregh@amatics. It is necessary to integrate the tegchiethod
with the learning styles of students to improvernésy. Beside mathematical content, learning arathing
methods affect the teaching process of mathemadgigshermore, problem solving is considered tohmsekasis
of learning and teaching mathematics, which reguirgto establish harmony, consistency, and accalation
of teaching methods with the learning methods amaracteristics of the learner. Therefore, identifyithe
learning style has become obligatory for betteché@sy methods in mathematics in order to equiplélaener
with problem solving skills (Louange, 2007). Figu® illustrates the relationship between the lewyrstyle,
teaching style, and problem solving.

Problem

€= | solving ==

Learning
Style

Teaching
Style

4

Other
Factors

Figure 2.The relationship between the learningestydaching style, and problem solving.
Carmo and his colleagues (2006) confirmed that leelearn in different ways and conduct differergfprences
when learning new subject, so learning styles drelgful tool to help both students and teachemswing how
to optimize manner in which learning and teachi@grmo et al., 2006). Kolb pointed to the processedécting
and socialization that lead to homogeneity disongty culture so that it is not affected by otherialales. He
emphasized that with time sciences students becnare analytical and less creative. On the othed har
student become creative and less analytical, tieians that the educational process has the aluligdentuate
the gap in abilities between these sets of learfMosaitgomery & Groat, 1998). Many researchers exanthe
relationship between student's learning style awalr tperformance and achievement, but there ishanot
important manifestation is to determine how stusleatcording to their learning styles-deal with greblem
and embark on solving, and what are the ways aielssof representation they prefer when tacklingbpems. It
is very important to understand and analyze preiserteachers learning styles, because if they were
understanding, grasp these styles, and becomeidamilth the methods of their own learning, theyil wi
determine their student's individual differencesthie future and this will enable them to adopt appate
decisions in the teaching methods (Cavas, 2010).

A number of studies have tackled learning styles their relation to academic success; these stimdies also
pointed out a relationship between different leagnstyles and academic achievement in various stsbfmsed

on numerous scales of learning styles (Awad, 1%88yashdeh et al., 2010; Garcia & Hughes, 2000).eSom
studies that focused on the effect of learningestyln academic achievement found that it positicelyelates
with achieving high scores in mathematics and msy§irin & GUzel, 2006; Adeyemo et al., 2013). Other
studies on learning styles and problem solvinganows fields found several correlations betweenestearning
styles measured using different scales and problemsertain areas and different ages, cultures and
environments (Asha & Al-Absi, 2018irin & GUzel, 2006) .

Awad (1999) argues that training students to sphablems based on George Polya’s strategy is impbrand

a cornerstone; and showed that abstract learrig sore correlated to this strategy compareddocrete
learning style (Awad, 1999).
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With regard to the relationship between specidbmataind the learning style, the fact is that stuslesf a
particular area are likely to have the common attaréstics of a particular learning style, whichcemmon to
the faculty, students, teachers, and practitioimetisis area (Montgomery & Groat, 1998).

Honey & Mumford (1992) have modified Kolb’s (198#%)ale of learning styles in respect to the learmiyge
he illustrated; as the Honey & Mumford (1992) rewiag that learning style is used to describe altitand
behavior, which in turn defines the individual'saiteing preferences. The modified scale shows hagjahility
as it engages in measuring behavior, attitude, @stdevement; additionally, most of its items weffeao
behavioral context. This scale is characterizedléwibility in describing learning styles as it cgmovide us
with sub-categories due to the fact that theredsenthan one style present in the same scale (Ktedh, 2007).
The scale can be used to determine the learnitgssity graduate and post-graduate teaching, arehftirms
that no learning style is superior to another, tettain styles could be more effective in certatonagions
(Gantasala & Gantasala, 2009). Based on Honey & fdrdis argument, an individual learns in two wafjsst,
through the process of learning and secondly, tiirdus experience.

Honey and Mumford describe the four stages of legras follows:

Stage one: Having an experience. Stage Two: Rengewie experience. Stage Three: Concluding from the
experience. Stage Four: Planning the next stepar@B% Wilson, 2006).

Figure (3) illustrates the learning cycle basedHomey and Mumford.
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Figure 3. Honey & Mumford learning cycle

Honey and Mumford assert that individuals can lassified based on their level of achievement i est@ge of
the learning cycle using the four classificatiombey also state that an individual changes hisesrléarning
style with respect to the given task. Therefore,comclude that learning styles are static but iidials tend to
prefer one style over the others (Beard & Wilsdin&).

The four learning styles are:

First, Activist

Individuals of this style are known to blend intew experiences and find happiness through beindeguby
experience. They prefer to process problems thrdmglinstorming. They are also inclined to engage in
challenges using new experiences, and they enaolbiotedom when it comes to procedures. Their misittl
will attempt to try”.

Second, Reflectors

These individuals prefer to stand behind experighoellect information, and pay great attentiothi® details of
information prior to issuing generalizations andhaasions. They tend not to jump to conclusionsmake
decisions until they have the necessary evidendegpeasof. Their motto is, “You should be careful'hdy tend
to observe others and keep in the background foenaibserve, and consider other people’s input.

Third, Theorists

The individuals of this style tend to modify andjanize notes in theories that may be complex,ogitl. They
think about problems in a logical and sequentiay;viila addition, they favor to analyze, synthesisl éocus on
the given subject and follow hypotheses, principbesd theories. Their philosophy implies “sanctfion of
logic and mind”. From their point of view what isgical is good, and their approach toward probletisg is
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logical and sequential. They also refuse anythimgt is not consistent with logic. They prefer tcalgme
information and form comprehensive theories.

Fourth, Pragmatist

Pragmatists are individuals who are characterizethéir attempt to generate ideas, theories, apticapions to
test them in reality in a positive and practicaywahey take advantage of all opportunities tothipgs out in
practical and applicable situations, and tend bk jgatience in long discussions. Their philosoplottos are
“There is always a better way” and “If it worksjstgood” (Honey & Mumford, 1992; Cassidy, 2004;n&esala,
2009; Sayer & Studd, 2006).

It is essential that teacher-training programs aisepdifferent educational environment that allose-pervice
teachers to acquire the necessary skills. Thisemabse studies confirmed that the teachers leastirgs,
personality styles and teaching methods, influesicelents' performance and attitudes toward anyesssm
topics (Cavas, 2010).

2. Study Problem

2.1 Study importance

There is a shortage of research that focuses om pnablems and solving them, which is the main tarent in

the process of learning math. The literature seaanied out by the researcher did not yield anydiss
determining relationships between learning stylesnaasured by the learning style inventory (LSQ) amath
problem solving according to Polya's strategy. Bhigly examines the process of solving math prolalecthe
characteristics of the students' learning styleasueed by the learning style inventory (LSQ).Tmgliings of the
present study are believed to fill this importaapgThe researcher could not help noticing, thrdugthwork as
an instructor of the “Basic Principles of Matherogtj that students face many difficulties in thisbject.

Furthermore students exhibited a clear deficiemcynathematical problem-solving abilities. This dedwer to
investigate students’ ability to solve mathematalblems as well as identify their personal leagnétyles in
order to setup successful targeted training programna to develop suitable teaching strategies.

Specifically, this study aims to identify the leeug styles of pre-service elementary school teaché¢rPetra
University, as well as their level of ability inIsing mathematical problems based on Polya’s gisatén

addition to determining to what extent, the studetgarning style is related to his or her ability solve
mathematical problems, and the correlation betwleaming styles in every step of mathematical pobl
solving according to George Polya. Also, this stadlys to investigate the effect of Tawijihi high sohand

university academic year level on the student’stgtio solve mathematical problems.

2.2 Study Questions

1.What are the learning styles of students takinguase in basic concepts of mathematics?
2.What are the different learning styles of studewisording to their academic level /year and strem
specialization inTawijihi high school?
3.What is the level of students' ability to solve heahatical problem in general, and in the step sezpief
Polya's strategies, according to their academiclgeal / and stream of specialization in Tawjilgthschool
in particular?
4.Does math problem- solving ability in general aolibfving Polya's stages differ according to student
learning styles?
2.3 Operational Definitions
2.3.1 Learning styles
Keefe (1979) defined a learning style as “charésties cognitive, affective and psychological bebas that
serve as relatively stable indicators of how leesperceive, interact with, and respond to theniear
environment”. Learning styles are determined inlidjiet of students’ answers on the scale usedigstudy.

2.3.2 Problem solving

The level of ability needed to find a solution toeatain mathematical problem. It measured by Hikyof
students to resolve the problems in a test spggedpared for this study and which consistsrobfems
similar to the ones students take in “ Basic CoteepMathematics”..

3. Methodology

3.1 participants

(85) Pre-service students from the departmentdofcBtional Sciences at University of Petra enraithetthe first
and second semesters of academic year (2013/2@afttBipated in this study. The number of studentthe first
year is (35) students and the percentage is (41.2B& number of students in the second year is §2R)ents
and the percentage is (27.1%).The number of stadanthe third year is (18) students and the péagenis
(21.2%) In the fourth year there are 9 studentsrcentage of (10.6%). The distribution of stuslémstreams
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of specialization in Tawjihi high school: the numb# students in the Scientific stream is (9) sthudeat a
percentage of (10.6%). The number of studentsenfth stream is (42) students at a percentage ©f¢4). In
the Information Technology (IT) stream, the numisef31) students at a percentage of (36.5%), aom fither
streams we have (3) students at a percentages6b)3.

3.2 Instruments (Data Collection Tools)

To collect data, the researcher used two instrumérmarning Style Questionnaire (LSQ) and Math Rnob
Solving Test (MPST).

3.2.1 Learning StylQuestionnair¢LSQ)

To determine students ' learning styles, the rebearused the (Honey & Mumford's, 1992) learningest
(LSQ). It consists of four styles assessed by ({&Ms, (20) for each style. Each item requiresghelent to
answer by agree or disagree. A student is conglderbe strong in a style if he/she gets (14-15nore on the
total items. As for the Activist style, a studenitiwe strong in this style if he/she gets total(d®) or more. In
addition, that the student may reflects strong fradicular style or more, so it treats each irdiinal according to
the situation fully accomplished rather than a ldrggore Profile. The researcher translated the(k®0Q) into
Arabic. Then the translation was reviewed by a grofispecialists (in the field) to ensure it istahle for the
Jordanian culture context. Although the tool alsepdssesses great validity and reliability in itgyimal format,
the reliability coefficient (Cronbach Alpha) wasl@adated using a sample group of 30 students. Ehahility
value for (LSQ) scale as a whole was (0.787).Initamd the reliability for each learning style was follows:
(0.423) for the Activist style, (0.623) for the Radtor style, (0.606) for the Theorist style, aimdhfly (0.423) for
the Pragmatist style. The reliability coefficiestacceptable for the purposes of scientific re$earc

3.2.2 Math Problem Solving Test (MPST)

The researcher prepared a math problem- solving MRST) which consists of (8) multiple-choice qii@ss.

It included questions on a variety of topics in heahatics such as humbers and operations, algehitess,
data processing, geometry and measurement. Eastiangeincluded sub-questions to measure studabitity

to solve the problem according to the steps of Gedrolya. These questions measure a student'ty dhili
determine data, select the desired data, deterrtiee assumptions, determine the solution strategy,
implementation the strategy and then carrying thes@r. The student gets a score of (1) when an emsw
correct and a (0) when an answer is wrong for eadiiquestion and all questions. The Test has asm b
reviewed by a number of specialists in mathematios, has been modified according to their suggestand
feedback. Their over-all approval of the scale ®op of its consistency. The test has been applied
(administered/given) to a sample of (30) studeRt®{ group).The coefficient of internal consistgr{€ronbach
Alpha) was calculated and it reached (0.70) whichdceptable for scientific research. To deterrtiedevel of
students' ability in solving math problems, theeesher used the following classification: when ghade of a
student in the test is between (70% -100%), thdestuis given a rating of "Very good". The ratit@ood" is
given when the grade is between (55% -69%), thegds "Acceptable” if the grades between (40% -558ad
"Weak" if the grade is less than (40%).

3.3 Limitations of the study

The results of this study are limited in the lighithe following factors:

1.The study was limited to students at the UniversitiPetra.
2.The results were determined by characteristich@&tales used, and their ability to detect diffees
between students in the learning style invento§Q). which prepared by (Honey & Mumford, 1992), &nd
classified student learning styles from their ov@wand different from other scales. The secontvtes
the problem solving test which prepared by theaedeer to examine student ability in solving
mathematical problems based on Polya’s stratedystiddly subjects are females
3.All study subjects are females.
4. Results
This study aims to determine the learning styleprafservice teachers at the University of Petral their
ability to solve the mathematical problem accordingthe Polya's strategy, and also aims to deterrtiie
relationship between student's relevant learnie sind their ability to solve the mathematical kdemn.
Additionally, it aims to as well as a the relevaéeheir learning styles with each step of solvingthematical
problems according to Polya's strategy
Question one: What are the learning styles of stuas taking a course in basic concepts of mathemase
To answer the first question that the researchleulzded the frequency and percentage of the stademeach
learning style classification. The results are shawTable 1.
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Table 1. Frequency and percentage of the studerggach learning style

STYLE
nd = 14 7 x 3or
= e B 2 ke s [r2 3G
2 G x | |ec  |px |o% |5z | ™
= | @) > > u > 0O > = w O
= T w o T Eu E O |
T B FE g e gE feE [F
o a 4 < < o
Frequency 10 4 4 3 14 12 8 7 23
Percentage 11.8% | 4.7% | 47% | 3.5% | 16.5% | 14.1% | 9.4% | 8.2% |27.1%

Table 1 shows that some students showed one tyleamiing styles and others showed high abilitinia types
of learning styles, and some showed high abilityhiree styles and more, and these constitute (2&P)they
are the highest among all the styles, and the stadéctivist-Reflector learning style came in sed¢mrder
(16.5%), followed by Activist Theorist style (14.)%hen Activist style rate (11.8%). The rest of 8tyles were
ratios less than 10%.
Question two: What are the different learning styles of students according to their academic year lele
and stream of specialization in Tawjihi high scho&
To find out the distribution of students among eliént learning styles by academic year of studystrehm of
specialization in Tawijihi high school, the researchbalculated the number of students and theirgmeage in
different years, as well as their specializatiorTawjihi high school depending on their learninglest Table 2
shows the student numbers and percentages accaodihg different styles as well as specializatioiawjihi
high school and the level of the academic yearacho
Table 2. The student percentages according toitfezaht styles as well as specialization in highaol and the
level of the year school

STYLE Total and
. - o = |4y o |4 @ [T, |30rmore percentage
Specialization inTawjihi high schod ‘@ 8 2 T I"&; 8 = 2 = T ‘é @
and Year Level % % é % > % S § = % §§
g 9 3! S8 |
o Science 4.7% 0 0 0 1.2% | 2.6% 0 2.6% 0 9 (10.6%)
Specialization Arts 5.9% 3.5% 0 3.5% | 11.8%| 2.6% | 2.6% | 3.5% | 16.5% | 42 (49.4%)
inTawjihi high
school IT 0 1.2% 4.7% 0 35% | 94% | % 26% | 82% 31 (36.5%)
Others 1.2% 0 0 0 0 0 0 0 2.6% 3 (3.5%)
First-Year 2.6% 2.6% 4.7% 0 118 | 26% | 4.7% | 1.2% | 11.8 | 35(41.2%)
Academic Second-Year| 3.5% 1.2% 0 26% | 4.7% | 82% | 2.6% | 3.5% 1.2% 23 (27%)
ear Level .
y v Third-Year 4.7% 1.2% 0 1.2% 0 2.6% 0 2.6% | 9.4% | 18(21.2%)
Fourth-Year 1.2% 0 0 0 0 1.2%1| 2.6% | 1.2% | 4.7% 9 (10.6%)

Table 2 shows that the Activist style is the mastjfient style for the science stream. "3 or morgés is the
most frequent style for Arts stream, Activist arBldr more" styles are the most frequent for ITatmeand the
"3 or more style" are the most frequent for otheramns.

Distribution according to academic year level; fiost- year students, the Activist- Reflector stgad "3 or
more styles" are the most frequent styles. Forrsdgear students; the Activist-Theorist is the mostjuent
styles. For third-year and fourth-year students,"81or more style" is the most frequent.

Question Three: What is the level of students' ahily to solve mathematical problems in general, andh
the step sequence of Polya's strategies accordirgtheir academic year level and stream of speciaéifion
in Tawijihi high school?

The researcher first calculated the mean and stdrtdsviation values of student scores in the difféistages of
problem solving (understanding the problem, degisinplan, carrying out the plan & examining theusoh),
and on the overall test. The researcher calcuthetivalues, which are shown in Table 3.
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Table 3. The mean and standard deviation valustudent's scores in different stages of problewmirsgland
on the overall test.

Minimum [ Maximum | Mean S.D t sig
Understanding the problem 0 6 3.21 | 1.254] 23.605| .000
Devising a plan 0 8 2.34 | 1.630] 13.244| .000
Carry out the Plan 1 8 3.74 | 1.691] 13.244| .000
Examine the solution 0 7 2.66 | 1.630] 15.041| .000
Problem solving 5 23 11.99 | 4.210

Table 3 indicates that the mean students' scoleesén the carrying out the plan stage is the ésgl3.74),
followed by the understanding the problem (3.28reie the solution (2.66),devising a plan (2.34)l&/the
average score for students in the ability to stiemath problems on overall test is (11.99).1t bamoted from
Table 3 that the values of (t) calculated wereisttaally significant, which means that student8ediin their
abilities through the four stages of the solution.
In order to determine whether the students' abditysolving math problems vary according to thedacaic
year-level and specialization in high school, theearcher first calculated the mean and standarctibe
values of students’ scores in the different staafgsroblem solving, and on the overall test. ANOW&St was
used to find out if there were significant statistidifferences between the means of student's sttibuted to
specialization in high school and academic yeagellévable 4 demonstrates these findings.

Table 4. Means and standard deviations for saafrpsoblem solving based on student's specialinatichigh

school and year-level

| N Mean S.D F Sig
First-year 35 3.17 1.445 1.039 .380
Understanding the Second-year 23 3.57 1.037
problem Third-year 18 2.89 1.323
Fourth-year 9 3.11 601
Science 9 3.33 1.581 .246 .864
Arts 42 3.24 1.265
IT 31 3.10 1.221
Others 3 3.67 577
Devising a Plan First-year 35 2.43 1.754 .249 .862
Second-year 23 2.09 1.756
Third-year 18 2.44 1.149
Fourth-year 9 2.44 1.810
Science 9 2.22 2.33 .888 451
Arts 42 2.62 1.55
IT 31 2.06 1.55
Others 3 1.67 1.53
Carrying out the plan First-year 35 4.34 1.66 7.011 .000
Second-year 23 4.13 1.77
Third-year 18 2.61 .95
Fourth-year 9 267 1.32
Science 9 4.00 1.66 104 .957
Arts 42 3.76 1.85
IT 31 3.65 1.60
Others 3 3.67 0.58
Examining the solution First-year 35 2.89 1.91
Second-year 23 3.00 141 1.771 .159
Third-year 18 2.06 1.21
Fourth-year 9 211 1.453
Science 35 2.78 1.92 1.065 .369
Arts 23 2.40 161
IT 18 3.03 1.60
Others 9 2.00 1.00
Problem solving First-year 35 12.91 4,979 2.809 .045
Second-year 23 12.78 3.516
Third-year 18 10.00 2.787
Fourth-year 9 10.33 3.571
Sciences 35 12.33 5.70 .086 .968
ART 23 12.07 4.44
IT 18 11.87 3.68
Others 9 11.00 2.00
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It can be noted from Table 4 that the differencesween means values of student's score are sigmific
according to academic year-level in the overallhmatoblem test, and in the carrying out the plaagest To
identify the sources of these differences, Tukest ptoc test has been applied, the results of tbesgparisons
indicate that there is a statistically significatifference between the means of first year studectzres and
those of the third year students in the overall bedfavor of first year students. Also there istatistically
significant differences between the means second steidents' scores and the scores of third yedests in
the overall test in favor of the second year. Fanrtiore, there is a statistically significant diffeces in favor of
first year students compared with those of thirdrystudents in the carrying out the plan stageiethie a
statistically significant differences in favor dfet first year compared with the fourth year in ¢herying out the
plan stage. In addition, there is a statisticaliygicant difference in favor of the second yeampared with the
first year in the carry out the plan stage.

To investigate the impact of specialization in higihool on the students’ ability to solve matheozdtproblem,
the researcher first calculated the means and atdraeviation values of students' scores in probdeiding
according to their specialization in high schoaple 4 demonstrates these findings.

Table 4 indicates that the mean students' sc@leey of IT specialization is the highest (3.08)lofved by the
Science specialization (2.78), Arts (2.40) and ®h@.00). It can be noted from Table 4 that thisreno
statistically significant difference between theamg of students’ score according to specializaiiomigh
school.

In regard to determining the students levels ofitgib solve math problems according to the categgoset by
the researcher (V. Good, Good, Acceptable and Welad)frequencies and percentages of student seanes
calculated. Table 5 shows these results.

Table 5. Frequencies and percentages of student&s according to category define.

Category V. good Good Acceptable Weak Total
Frequency 4 20 34 27 85
Percent 4.7% 23.5% 40.0% 31.8% 100.0%

Table 5 shows that there is a clear weakness ofests’ ability to solve mathematical problems. Véhéne
percentage of students who have low abilities Iaisg math problem was (31.8%), they recorded thas 40%
on a mathematical problem solving scale. The stisdehom their appreciation "Acceptable” their prdjom
(40%), those students whom scores were betweenafi¥b5% on a scale to solve math problems, and this
performance is not a high performance. The pergentd the students whom their appreciation was djaw
"v. good" was (28.2%), the students' scores rahgégeen 56% and 100% on a math problem scale.
Question Four: Does math-problem solving ability ingeneral and following Polya's stages differ accordg
to students' learning styles?
To answer this question, the researcher calculliedneans, standard deviation and (F) values ofdneple.
ANOVA test was used to find if there were statisliig significant differences between the studentgans in
math problem solving according to their learningest. The findings are shown in Table 6.
Table 6. The mean and standard deviation valuescfmes of problem solving based on students’ iegrstyle
and the (F) values.

Understanding| Devising a Cary out the Examine the | Problem solving
the problem Plan plan solution
M SD M SD M SD M SD M SD
Activist 280 | 1.751 | 1.70 | 0.949 | 2.70 | 0.823 | 2.30 | 1.636 | 9.50 | 3.567
Reflector 400 | 000 | 350 | 1.00 | 5.75| 150 | 2.75| 050 | 16.50 | 1.732
Theorist 3.00 | 000 | 200 | 0.00 | 3.00 | 0.00 | 5.00 | 0.00 | 13.00 0.00
Pragmatist | 4.67 | .577 | 5.00 | 0.00 | 2.33 | 1.155| 2.33 | 1.155 | 14.33 | 2.887
AR 3.79 | 1.369 | 3.00 | 1.922 | 5.14 | 1.916 | 3.43 | 1.555 | 1543 | 4.972
AT 275 | 1815 | 2.08 | 1.832 | 3.83 | 1.801 | 3.00 | 1.706 | 11.67 | 4.924
AP 3.25 | 0886 | 200 | 1.309 | 2.75| 1.581 | 2.50 | 2.204 | 10.50 | 5.043
RT 343 | 0535 | 200 | 1.00 | 414 | 1.345| 2,57 | 2.070 | 12.14 | 3.185
3 or more 291 | 0848 | 2.09 | 1.756 | 3.48 | 1.344 | 1.87 | 1.058 | 10.35 | 2.248
Total 321 | 1254 | 234 | 163 | 3.74| 1.691 | 2.30 | 1.636 | 11.99 | 4.210
F 1.721 2.156 4.171 2.593 3.618
Sig 0.107 0.040 0.000 0.015 0.001

It can be shown from Table 6 that the values ofwWEjJe statistically significant at the devising larpstage,
carrying out the plan stage, as well as at the @iamthe solution and at problem solving in gehefais
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means that the students' abilities to solve théhemahtical problem vary according to their learnstiges. This
difference is evident in all stages of solving matbblems according to Polya' strategy except metstanding
the problem stage, where there were no statistisadinificant differences between students' ab#itio solve a
problem according to learning style in this stage.

To identify the sources of these differences, Tugegt Hoc test applied. The results of these coismas
indicate the following: At the level of problem swg in general, there is a difference betweendtuelents'
performances in Activist style and student perfarogain Activist-Reflector style in favor of ActitiReflector
style. At the level of problem solving in genertdiere is a difference between the student's pednce in
Activist-Reflector style and student's performanté3 or more" styles in favor of Activist-Refleatstyle. At
the devising a plan stage, there is a differenderd®n the student's performance in Activist styld atudent
performance in pragmatist style in favor of pragsetastyle. At the carrying out of the plan, theme dive
differences as following: 1) Differences betweertiist style and Activist-Reflector style in favof Activist-
Reflector style.2) The Differences between Actitle and Reflector style in favor of Reflectoylst 3) The
Differences between Activist-Pragmatist style ardi€ttor style in favor of Reflector style. 4) Théferences
between Activist-reflector style and Activist-Pragtist style in favor of Activist-reflector style.) 5The
Differences between Activist-reflector style anddt3more" styles in favor of Activist-reflector sty

5. Discussion and Conclusions

The study clearly shows students lack the abititgdlve the mathematical problem as the percembgidents
whose performance was “Good” or “v. Good” is 28.2kase students whose grades lay between (56% Y100%
and the percentage of students with weak abilitiesolve the problem (31.8%), those got less tha¥h 4#n
mathematical problem solving scale. The students gt “Acceptable” appreciation reached the pelgmt
(40%). They are the students whom got grades rgrfgiim 40% -55% on to math problem solving scalee T
results of this study are consistent with tB&ih & GUzel, 2006) study, which also showed a weakneghe
ability to solve mathematical problem among thevarsity students. Therefore, teacher preparatiograms
need to focus on problem-solving skills and consitteese skills during preparing school and univgrsi
programs and through the development process.

The results show a difference in the studentsitgkiib solve math problems and in the four-stageoading to
Polya strategy where the best performance of tiaests showed in the carry out the plan stage. mkans that
students have the ability to (perform calculatipisjowed by (understanding the problem) and tfexamine
the solution) and finally (devising a plan).

This shows that the weakness of the students Iiigothe problem) appears in the (devising a pktage and
in (examine the solutions) stage and both processggire careful thinking and meditation for contijpig
design and planning both processes successfullgla@h & Bagheri (2013) emphasized that difficultiiesed
by individuals in solving problems due to the inmpdiability of individuals to choose the correchégior when
facing a problem. This behavior is important in pinecess of developing a plan solution. This magie to the
weakness in the stages of primary education, arithrie stage. Awad (1999) confirmed the need tachea
solving mathematical problem skills according tdyfsostages from the early levels of school.

The results show that students’ performance inisglmnathematical problems in general varies acogrtth the
level of the academic school year. The performarictudents in the first year is better than thiedr students.
Also, the performance of students in the second igebetter than the performance of third-year stig. The
performance of students in the first year is betian performance of students in the third andtfoyear in the
(carrying out the plan) stage. There is also aedhffice in students' performance between secondayéathird
year in favor of the second year in the (carrying the plan) stage. These results are not consigfém results
of a study by Ozgan, & Alkan, (2012). Their studiypws that the performance of fourth and fifth ystardents
was better than the performance of students infiteeand second years. The first and second yealeat
performance of this study in math problem solvilegfems that there is a weakness in the prepaeaghers
program in mathematics, where only one math cowae taught to students within the teacher-preparing
program. In addition, the first and second yeadestiti's skills return to what they have learnedchim pprevious
years of their secondary school. This underlinesnibed to reconsider the issue of teacher prepanatograms
to include more than one course in math problemirspland teaching mathematical problems solvingtsties
in particular.

The specialization in high school was not a diatily significant effect, because the mathematmablem
solving test used in this study dealt with problewsiated to the basic concepts in mathematics wivas not an
in-depth or specialized, This result contrasts withat is mentioned in thegirin & GUzel, 2006) study. The
study results showed that the students' abilityolwe mathematical problems varies depending an lderning
style. This result was consistent with what isexddh the (Gholami & Bagheri, 2012) study.
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The results of this study show that this differeapparent in all stages of the math problem soleicgprding to
Polya’s strategy except at the stage of understgnitie problem, where there were no statisticaipiicant
differences between students' abilities to solweath problem and their learning styles. Specificaliere was a
difference in students' performance between thévisttiearning style and Activist-Reflector leargistyle in
favor of Activist-Reflector learning style. Thereasva difference between the students' performaméetivist-
Reflector style and student performance in "3 orehetyles in favor of Activist-Reflector style. iEhmeans
that individuals of Activist-Reflector style areetlbest in the ability to solve mathematical problmampared to
other styles even better than students who priefeetstyles and more (multi-style). This resulitcadicts with
what is mentioned by Kolb (1984) who stressed $tatlent would learn better by using all four stylegher
than using his preferred learning style. That fsdent should incorporate all styles so that hefsire use the
Learning Cycle. This leads us to the relation betwéhe characteristics of this style and the gbilit solve
mathematical problem. Honey & Mumford (1992) statiegt people are classified into four classes imseof
their achievement in every stage of the Learningl€gnd this pattern is not fixed. An individuahazhange the
Learning Cycle according to the job or task perfedm

According to the results of this study, the Redfiedctivist style is better to solve math problemnere it
combines the properties of the Reflector and Astigtyles together, which may help students tcer#ieir
ability to understand and solve the mathematicabl@m according to Kolb's Learning Styles. Thisuless
largely consistent with S{rin & GUzel, 2006), where found a positive correlatibetween the skill of
mathematical problem solving and Reflective-Obstoumaearning style in spite of differences in lIeiaig style
scale used in the studies. Regarding the (devisiptan) stage, statistically significant differerwas found
between the performance of students from Activistesand students from Pragmatist style in favor of
Pragmatist style. Students who prefer Reflectoiivigit style are characterized as being practicalbfam
solvers who prefer to think, do and focus on alstideas and experiment actively in order to fimdgtical
application.

Regarding (carrying out the plan) stage, the perémce of students from the Activist-Reflector styiags better
than the performance of students from the Actigisfe, and those of the Reflector style. In additithis
confirms that the common characteristics of the tearning styles Reflector style and Activist stylad an
impact positive effective in carry out the plangg&a Also, the performances of the students froenRbflector
style are better than the performance of students the Activist-Pragmatist style. As was the perfance of
students from Activist-Reflector style are betteaurt the performance of students from Activist-Pratsh style,
as well as the performance from the students frooit{-style).

In addition, the performance of students from Redlector style was better than the performancstodents
from Activist-Reflector style, as well as the perfance from the students from (multi-style) in Haeme stage.
Muro & Terry(2007) expounding that individuals pFefAssimilation (Theorist) style and Diverge (Refts)
style when solving scientific and mathematicallppeans, this is consistent with what is stated iis gtudy,
which addressed the math problems and concludedhbeaeffectiveness of Reflector style and its riat¢ion
with the Activist style in the ability to solve niaproblems.

The difference in the results of studies addregisedearning styles and its relationship with othariables due
to different learning environments, different ageups, and the level of achievement, the diffecemhmunities
in their cultural characteristics, demographics #radnature of the curriculum applied (Mountfordelta 2006).

6. Recommendations

In light of the result of this study, it is suggesthat the following recommendations be taken éatasideration:

1- Infusing educational courses with problem saj\éctivates.

2- Enriching teacher —training programs with matbbfem-solving activates and skills

3- Further studies should be conducted in the aoédsearning styles, and math problem solving ahd t
relationship between the two.
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