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Abstract

The present study examined the potential relationship between 1st and 5th year secondary school pre-service
mathematics teachers’ skills in understanding, method, modelling, verification, and extension dimensions of
problem solving and their learning style characteristics. The data consisted of the skills pre-service teachers
demonstrated in the solution process of open-ended problems. For this purpose, a graded scoring rubric was
developed specific to each problem. Regarding the relationships between problem solving dimensions and the
characteristics of McCarthy's learning styles, it was assumed that type 1 learners’ skills were more dominant in
the understanding dimension, type 2 learners’ skills in the method and modelling dimensions, type 3 learners’
skills in the verification dimension, and type 4 learners’ skills in the extension dimension. On the basis of this
assumption, problem-solving skills and learning style characteristics were associated and interpreted. The re-
sults obtained suggested that 5th year pre-service teachers were better in representing the skills pertaining to
type 1 and type 2 learning styles, while 1st year pre-service teachers were better in representing the skills per-
taining to type 1 learning style only. On the other hand, it was observed that a great majority of the pre-service
teachers had a low level of the skills pertaining to type 3 and type 4 learning styles.
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tics of individual differences have been pivotal in
the development of learning style models (Silver,
Strong, & Perini, 1997). Kolb (1984) argued that
individual differences in the learning process
emerge in the perception/understanding and
processing/transformation dimensions. Accor-
ding to Kolb’s model, students are grouped in re-
lation to their preferences for concrete experien-
ce or abstract conceptualisation (how students
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arning Theory” and Jung’s “Personality Types
Theory” and findings of brain studies, is a “le-
arning cycle” model with 8 instructional events
(McCarthy, 1990). Each of McCarthy’s four
quadrants of learning styles includes right and
left mode brain and holistic oriented students.
While a combination of alternative right and
left mode techniques in all four learning styles
enables students to be relaxed in the situations
that are in line with their learning styles, it also
allows the students to overcome difficulties in si-
tuations which are not within their learning style
(McCarthy, 1990, pp. 32-33). The 8 instructional
events of the 4MAT learning model are respec-
tively: connect, attend, image, inform, practice,
extend, refine, perform (McCarthy, Germain, &
Lippitt, 2006, pp. 18-22).

Dunn (1983) argued that students could learn
via learning methods convenient for themsel-
ves and approaches compatible to their learning
styles. This widely emphasised approach requi-
res a consideration of individual learning styles
in mathematics education. Thus, the individual’s
learning style should be activated in all activities
for learning mathematics. During the process of
learning mathematics, a consideration for lear-
ning styles also assists teachers in choosing app-
ropriate teaching strategies for whole learning to
take place. Moreover, it also enables students’ to
take more responsibility in the learning process
(Knisley, 2002; Leng & Hoo, 1997; Thompson &
Mascazine, 1997).

According to Harb, Durrant and Terry (1991),
each event in McCarhty’s learning cycle also
requires the selection of appropriate learning
activities for students with dominant learning
styles in all quadrants. Furthermore, they also
believe that, in fact, there are different and si-
milar learning activities, which would appeal to
individual learning styles and could be placed in
a certain quadrant intuitively. Learning activities
to be designed for mathematics teaching can be
arranged in line with the 4MAT learning style
model and the National Council of Teachers of
Mathematics (NCTM) (Best practices, 2006).
Such an approach entails choosing mathemati-
cal structures within the real world, discovering
and using the power of abstract thinking, expe-
rimenting and including interesting mathemati-
cal practices, respectively.

Leng and Hoo (1997) emphasised that a consi-
deration of students’ learning styles in mathe-
matics learning process would increase student
success. Elgi, Bukova-Giizel, and Alkan (2006)
also stated that developing and using activities
based on a constructivist learning approach and
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learning styles would provide students with im-
portant opportunities and significant advantages
in constructing mathematical concepts. In short,
emphasising students’ learning styles during the
mathematics learning process and reflecting
them on the process have various benefits. In
fact, students who are left to gain information
in a format inconsistent with their own learning
styles struggle in perceiving information, pro-
cessing and reacting (Simsek, 2006, p.114).

At this point, problem solving which is essenti-
al in mathematics learning can be discussed in
relation to learning styles. McGehee (2001) ar-
gued that within a multidisciplinary approach to
mathematics education, units could be develo-
ped based on the 4MAT system, Polya’s problem
solving steps and activity processes. McGehee
related the first two events of the 4MAT system,
connect and attend to the understanding the
problem step of Polyas problem solving steps,
image and inform to devising a plan, practice
and extend to carrying out the plan, and refine
and perform to the looking back step. As part of
the mathematics learning process, it is essential
for the individual to learn problem solving to
acquire the necessary mathematical knowledge
and skills in the real world because a solution
to a problem encountered both at school and
in real world involves the steps of understan-
ding the problem, devising a plan, carrying out
the plan and looking back (Polya, 1973). Only
through problem solving skills can learners’
mathematical knowledge be tested and skills be
assessed (Baki, 2006, p. 147). Chapman (2005)
asserted that problem solving plays an impor-
tant role in doing, learning and teaching mat-
hematics. Problem solving in mathematics also
assists learners in understanding concepts and
facilitates learners in defining a concept using
their own words. When learners actively solve
problems, they learn mathematics better beca-
use the learners do not learn mathematics as a
pattern of facts, but they learn using “what” a
mathematician does and “how” he/she does it
(Northwest Regional Educational Laboratory
[NWREL], 2000). Furthermore, according to
NCTM (2000) and Ministry of National Edu-
cation [MEB, 2005), problem solving is central
to mathematics education. Accordingly, prob-
lem solving is not a topic per se, but a learning
tool for all stages of learning. Similarly, Toluk
and Olkun (2002), unlike the traditional verbal
problem solving process, emphasised the ne-
cessity of perceiving problem solving as a tool
for mathematics learning and teaching. Baykul
and Yazia (2011) also stated that rather than
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teaching problem solving as a separate topic, it
should be thought as a process comprising of
problem solving activities for all concepts. Prob-
lem solving is not an end, on the contrary, it can
be perceived as a process (Altun, 2000). In fact,
during the process of problem solving, the stra-
tegy the learner develops and the steps used to
obtain the solution are more important than the
outcome. Therefore, the students are expected to
solve open-ended problems that include all steps
for the solution.

Open-ended questions are essential in that
they falsify the belief that there can only be
a single correct answer and that they provide
all students an opportunity to use various le-
arning strategies, deepen their mathematical
knowledge and develop mathematical thinking
according to their abilities (Klavir & Hers-
hkovitz, 2008). In contrast, “routine” problem
solving does not contribute to students’ men-
tal development (Polya, 1973). If the aim is to
develop students’ higher order behaviour such
as understanding, analysis and discovery, the
students should be involved in at least “non-
routine” problem solving. Programme for In-
ternational Student Assessment [PISA] studies
conducted by Organisation for Economic Co-
Operation and Development [OECD] (2003)
are in support for such an idea because in non-
routine problem solving students’ mathemati-
cal literacy, performance and especially behavi-
ours during the problem solving process are fo-
regrounded. That is why open-ended problems
selected from the real world or are related to
the real world are preferred.

An observation of students’ process of solving
open-ended problems can lead to various mea-
nings, strategies, models and inferences rooted
in learning style differences because the student
chooses alternatives which are appropriate to
his/her own learning style and develops a re-
levant problem solving process (Leng & Hoo,
1997, p. 125). Likewise, Klavir and Hershkovitz
(2008) indicated that “an investigation of open-
ended problem solving process reveals individu-
al differences among students and the analyses
of these enable teachers to evaluate students’
levels of mathematical knowledge and to get to
know them better”.

Previous studies have reported different appro-
aches that extend Polya’s problem solving steps
(Gonzales, 1998; Mason, Burton, and Stacey,
1985 (as cited in Passmore, 2007); Verschaffel
etal, 1999). A widespread view is that problem
posing is not independent of problem solving,
but they should be considered together (Cai &

Hwang, 2002; Silver, 1994; Silver & Cai, 1996).
In the present study, inspired by Polya’s problem
solving steps, a model of five steps was used.
These were understanding, method, modelling,
verification and extension, respectively.

Courses related to solving and teaching prob-
lems also exist in university mathematics teac-
hing programmes. For example, one of these
courses oriented towards problem solving was
identified to include headings such as what a
mathematical problem is, types of problems,
problem solving steps and extending the prob-
lem (“Dokuz Eyliil Universitesi Matematik Og-
retmenligi’, 2011).

Learning styles, like problem solving, is a po-
pular research topic of mathematics education
studies. These studies investigate students’ lear-
ning styles and their academic success (Bilgin &
Durmus, 2003; Elgi, 2008; Tatar & Dikici, 2009;
Uyangor & Dikkartin, 2009), their attitudes to-
wards the mathematics course (El¢i, 2008; Or-
hun, 2007), their cognitive development levels
(Johnson, 1999), their mathematics anxiety
(Gresham, 2007; Peker, 2009; Sloan, Daene, &
Giesen, 2002), their preferences of brain he-
mispheres (Ali & Kor, 2007) and their levels of
geometric thinking (Ozsoy, Yagdiran, & Oztiirk,
2004) especially during the process of learning
mathematics. However, there is a lack of rese-
arch that extensively studies problem and prob-
lem solving, which is a major component of the
process of mathematics learning, and learning
style and characteristics. Thus, the findings of
the present study, which investigated the skills
involved in the problem solving process and stu-
dents’ learning style characteristics mentioned
in McCarthy’s learning styles model, are belie-
ved to fill this important gap.

The aim of this study was to investigate the skills
of 1* and 5% year pre-service mathematics teac-
hers in the understanding, method, modelling,
verification, and extension dimensions of prob-
lem solving and to uncover the relationships
between these skills and learning style charac-
teristics.

Method

This study has a comparative research model
as part of the descriptive method. The relati-
onships between the variables are important in
such research. A prerequisite of using the model
is a comparison among situations with at least
two variables (Cepni, 2007, p. 48). In order to
investigate students’ mathematical problem sol-
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ving processes, writing activities, in other words
written answers were investigated using docu-
ment analysis. Earlier studies had argued for
the benefits of writing about the applications of
the problem solving process (Bell & Bell, 1985;
Beswick & Muir, 2004; Pugalee, 2001; Taylor &
McDonald, 2007; Williams, 2003). Ishii (2003)
stated that problem solving is a type of writing.
For the investigation of the problem solving pro-
cess, Pugalee (2001) determined that students’
writing could be used to explain the cognitive
processes and that through their writings it was
possible to understand how students learned
and thought. Therefore, students’ writings were
used in this study in order to investigate their
skills in the understanding, method, modelling,
verification, and extension dimensions of the
open-ended problem solving process.

Participants

84 1** and 5™ year pre-service mathematics teac-
hers studying the Secondary School Mathema-
tics Education Programme at a state university
participated in this study. The participants were
selected from different year groups in order to
identify pre-service mathematics teachers’ levels
at the beginning and end of the education and
to allow for comparisons to reveal relative deve-
lopment. Among the participants, 56 pre-service
teachers (66,7%) were 1% year students and 28
(33,3%) were 5™ year students. In terms of gen-
der, 46 participants (54,8%) were male, while 38
(45,2%) were female.

Data Collection Tool

For data collection, three open-ended problems
were developed and used. Special care was taken
to ensure that the problems would be related to
real world situations and mathematical models.
Content-wise, the problems included the con-
cepts of functions, limits and continuity and the
prerequisites of these concepts. Each problem
had more than one solution step and was cons-
tructed in line with the principles of McCarthy’s
learning styles model. The solution process also
supported three fundamentals of “establishing
relationships between the mathematical concept
and prerequisites, real world and other discipli-
nes” (Elgi et al., 2006).

In order to investigate the level of skills in the
sub dimensions of problem solving in detail,
lead-in questions and instructions were used for
the understanding, method, modelling, verifi-
cation and extension dimensions. Hence, it was
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possible to investigate and compare pre-service
teachers™ skills in the problem solving dimen-
sions and comment on relevant learning style
characteristics.

Process

The data were collected in the spring term of
the 2009-2010 academic year. Participating
pre-service teachers did not receive any special
training or information about problem solving
and skills prior to the study. Pre-service teachers
were requested to read the lead-in instructions
and questions carefully for each problem in the
data collection tool and answer accordingly.

In order to assess pre-service teachers’ skills in
problem solving dimensions a scoring rubric
was developed and used. For the understanding
dimension of problem solving, the identifica-
tion of whether the students have completely
understood the problem or not was important.
For the method dimension, the selection of po-
tentially appropriate methods for the solution of
the problem and an emphasis on these methods
in practice was in question. For the modelling
dimension, constructing a mathematical model
for the solution of the problem and demonstra-
ting the accuracy and workability of the model
were considered important. For the extension
dimension, students were required to summa-
rise the problem solving process and all results
and to make deductions based on evidence. For
the extension dimension, which foregrounded
individuality, the skills of extending and develo-
ping the problem using various hypotheses and
approaches were investigated. Problem solving
performance levels were identified as “100, 75,
50,25 and 0",

In order to test the reliability of the content
analysis used for the analysis of qualitative data,
analyses carried out by different people or by the
same person at different times could be com-
pared and contrasted (Gokge, 2006, p. 83). For
the assessment of the problems using the rubric,
students’ answers to the problems were evalua-
ted by the researchers and their correlation coef-
ficients were found to be between 0,72 and 0,86
following a Pearson Product Moment Correlation
analysis. A correlation coefficient between 0,7-
1.00 indicates a strong relationship (Biiyiikoz-
tiirk, 2005, p. 32).

According to McCarthy’s learning styles model,
type 1 learners would be more successful at me-
anings, type 2 learners at concepts, type 3 lear-
ners at skills and type 4 learners at performance
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(McCarthy et al., 2006). The hypothesis for the
relationships between problem solving dimen-
sions and learning style characteristics was that
type 1 learners’ skills would be more dominant
in understanding, type 2 learners in methods
and modelling, type 3 learners’ in verification
and type 4 learners’ in extension dimensions.
This hypothesis was used in creating relations-
hips between problem solving skills and learning
style characteristics and generating interpretati-
ons. In order to compare pre-service teachers’
problem solving skills, mean score, frequency,
percentage and t-test results were calculated for
all three problems. Moreover, for the interpreta-
tion of mean scores in the dimensions of prob-
lem solving, scores between 0-39 were coded as
“low”, scores between 40-59 as “moderate” and
scores between 60-100 as “high level”.

Results

Pre-service teachers’ mean scores in problem
solving dimensions differ both among them-
selves and between the years. For example, the
range of the mean scores of 1* year students was
narrower than that of 5* year students. In other
words, while the mean scores of 1* year students
were not much different, the mean score of 5%
year students were more varied and there were
students at upper and lower levels.

In the understanding dimension 64,3% of 1* year
students and 96,4% of 5 year students obtained
high scores. However, 35,7% of 1% year students
and 89,2% of 5™ year students obtained high sco-
res for the method dimension. In the modelling
dimension, 3,6% of 1* year students and 50% of 5
year students obtained high scores, while in the ve-
rification dimension 5,4% of 1* year students and
39,3% of 5™ year students obtained high scores. In
the extension dimension, only 5,4% of 1* year stu-
dents and 25% of 5" year students obtained high
scores. In this dimension, an average of 85% of stu-
dents received low scores.

An analysis of the mean scores indicated that in
all dimensions, understanding, method, model-
ling, verification and extension, mean scores of
5% year students were higher than that of 1# year
students. While the mean score of 1* year stu-
dents for all dimensions was [J[J_T[[I['}, that of
5% year students reached [][] . For both
classes, the mean scores for the problem solving
process gradually decreased from understan-
ding to extension. Moreover, mean scores of 1*
year students for all dimensions except unders-
tanding and mean scores of 5% year students for
extension in particular were at low levels. Mean

scores of 5 year students were at high levels in
understanding and method dimensions, whi-
le mean scores of 1% year students were high
only in the understanding dimension. However,
mean scores of 1% year students were generally
moderate in the method dimension and low
in other dimensions. Interesting findings inc-
lude high mean scores of 5" year students and
low mean scores of 1% year students in model-
ling and verification dimensions and low mean
scores of students in both years in the extension
dimension. Given the lowest and highest mean
scores, overall, 1 year students obtained lower
mean scores.

The fact that most of 1* and 5" year students’
mean scores were high in the understanding
dimension could be accepted as an indication
that most of the students had type 1 learner cha-
racteristics. In the method dimension, most 1%
year students’ mean scores were moderate, while
most 5" year students’ mean scores were high.
This implied that most 5" year students had a
high level of type 2 learner characteristics and 1%
year students had a moderate level of type 2 le-
arner characteristics. In the modelling dimensi-
on, most 1* year students’ mean scores were low,
while most 5" year students’ mean scores were
high. This meant that most 5" year students had
a high level of type 2 learner characteristics, whi-
le 1* year students had a low level of type 2 lear-
ner characteristics. In the verification dimensi-
on, most 1* year students’ mean scores were low,
while most 5" year students’ mean scores were
moderate. Thus, 5" year students had a modera-
te level of type 3 learner characteristics and some
of 1* year students had a low level of type 3 lear-
ner characteristics. Finally, in the extension di-
mension, the mean scores emphasised that most
5% year students had a moderate level of type 4
learner characteristics and 1% year students had a
low level of type 4 learner characteristics.

Pre-service mathematics teachers’ scores in
the dimensions of problem solving were signi-
ficantly different in terms of year groups; un-
derstanding [tm):—6,603, p<.05], method [tm):—
8,871, p<.05], modelling [t(sz)=—7,642, p<.05],
verification [t<82):—6,539, p<.05] and extension
[tm):—4,694, p<.05]. The difference was in favour
of year 5. The findings implied that there was a
significant relationship between year groups and
the skills in problem solving dimensions.

Discussion

According to the findings, pre-service teachers’
mean scores for the problem solving dimensions
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were varied. Although this could be perceived
as normal due to individual differences, having
low scores at the lower limit was significant. In
other words, pre-service teachers were not able
to completely and accurately use the process and
dimensions of problem solving. Especially the
dimensions of verification and extension see-
med redundant for the pre-service teachers, yet
the final year pre-service teachers, who had been
through a long-term education were expected to
have higher level skills in all sub-dimensions of
problem solving. The expectation is for the pre-
service teachers to be above a certain standard in
order to become effective and qualified teachers.
Similar and low mean scores of 1 year students’
could be due to their lack of theoretical know-
ledge and skills in relation to problem solving
dimensions. Given that these students might not
have solved any problems in the previous years,
this outcome is normal. Studies that investiga-
te pre-service mathematics teachers problem
solving skills indicated that their skills of using
multiple representations in the problem solving
process was insufficient (Delice & Sevimli, 2010)
and that strategies used in problem solving were
limited (Altun & Sezgin-Memnun, 2008; Avcu
& Avcu, 2010). These findings suggest that pre-
service teachers encounter difficulties in mathe-
matical problem solving.

On the other hand, other research reported that
following training for problem solving, positive
changes were observed in students’ knowledge
and views on problem solving and skills (Akay
& Boz, 2009; Bukova-Giizel, 2010; Bulut & Tat,
2009; Kandemir & Giir, 2009; Toluk-Ugar, 2009).
These findings contradict the outcomes of the
present study in relation to 5" year students’
problem solving skills because although the-
se students had taken courses and training for
problem solving, their low levels of skills especi-
ally in some dimensions call for an examination
of the education process.

Students reveal their individual differences via
their preferences in perceiving and processing
knowledge during the learning process (Kolb,
1984; McCarthy, 1997). Therefore, individual
differences in problem solving dimensions were
expected. However, according to McCarthy and
Kolb’s learning style models, individuals have
a dominant learning style, but individuals also
have some skills in all other learning styles. In
other words, the individual can use secondary,
tertiary or the least preferred learning styles
which assist the dominant learning style. Like-
wise, Gardner (2004), in his theory of multiple
intelligences, indicated that individuals have abi-
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lities in all intelligence types, but one is more do-
minant than the others. In particular, McCarthy
et al. (2006) stated that learning occurs in a cycle
and with the characteristics and skills of all four
styles. However, the findings of this study sug-
gested that the students did not feel the need to
use their secondary or tertiary preferences. Yet,
this could be due to the education system or at
least could be interpreted as a constraint of the
data collection tools.

The findings of this study indicated that most
5% year students were better at reflecting type
1 and type 2 learners’ skills in McCarthy’s lear-
ning styles model, which means their dominant
learning style or secondary dominant learning
style could be type 1 or type 2. Moreover, most
5% year students used type 3 and type 4 learner
skills relatively less or preferred them as se-
condary or tertiary. Most 1% year students had
moderate scores in method dimension and low
scores in modelling dimension and thus, most
students seemed to prefer type 2 learning style
as tertiary or they preferred it the least. Most 1*
year students reflected type 3 and type 4 learner
skills less and hence their least preferred styles
could be these. In a similar study, Narli, C")zgen,
and Alkan (2011) identified learning styles using
rough set data analysis in relation to pre-service
mathematics teachers’ multiple intelligence are-
as. The findings mathematically identified to
what extent pre-service teachers had other lear-
ning styles in addition to their dominant lear-
ning styles.

Similar results were obtained in earlier studies.
For example, research by Elgi (2008), Peker, Mi-
rasyedioglu, and Aydin (2004) and Orhun (2007)
demonstrated that there were different findings
in relation to pre-service mathematics teachers
learning styles. This could be due to the partici-
pants of the studies. However, it is a common fact
that the number of type 4 learners is considerably
low in most studies. Likewise, Dede and Yaman
(2005) and Kar, Ozdemir, Ipek and Albayrak
(2010) stated that pre-service mathematics teac-
hers’ problem posing levels were generally low
and they had serious difficulties; and Istk and Kar
(2011) found that primary school students’ skills
of number sense and solving non-routine prob-
lems were low and that there was a positive relati-
onship between these skills. These results overlap
with the findings of this study that most 5" year
students did not achieve high levels in reflecting
type 3 and type 4 learners’ skills and had low le-
vels of skills especially in relation to the extension
dimension of problem solving which is related to
type 4 learning.
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1* year students, on the other hand, did not dif-
fer much in the learning cycle and had similar
skills. Although most students reflected type 1
learner skills at a high level, it is a significant
drawback that they had low scores in relation
to skills of other learning types. This outcome is
mostly rooted in the learning environment and
the methods applied in the learning processes
prior to university education. Previous studi-
es conducted in Turkey reported that primary
school and secondary school students struggle
in problem solving (Altun & Arslan, 2006; Isik
& Kar, 2011; Karatag & Giiven, 2004; Soylu &
Soylu, 2006). Moreover, given 5" year students’
behaviour and levels, university learning and te-
aching approaches might also have fallen short
to completely eliminate the difficulty.

Schools embrace learning approaches based on
left-brain more and neglect learning activities
based on right brain. We believe that this potenti-
ally accounts for the current findings. By adding
right-brain activities such as intuition, imaginati-
on, creativity, synthesis, and researching patterns
and relationships to the educational system,
students can develop their low level skills. Kitc-
hens, Barber, and Barber (1991) suggested that
left — right brain preferences are important in
mathematics education and especially in unders-
tanding students’ mathematical development.
Furthermore, they reported that the number of
students” with right-brain preferences is conside-
rably high at school that are restrained by lear-
ning approaches based on the left-brain. In most
mathematical learning processes and especially
in the problem solving process, students are ex-
pected to have and use both logical and intuiti-
ve skills. Therefore, students should be trained
using alternative learning activities in relation to
both left and right hemispheres of the brain.

The reason why students’ scores decrease from
the understanding dimension to the extension
dimension should be questioned and the rea-
sons why they could not sufficiently reflect type
3 and 4 learning style skills in McCarthy’s lear-
ning cycle should be examined. What's more,
although learning styles are relatively constant,
they could change under certain circumstances.
El¢i (2008) reported that as a result of learning
environments designed according to learning
styles, learning styles changed. As presented in
the findings of this study, students had low levels
of skills especially in relation to type 3 and 4 le-
arning styles. At all levels of education learning
environments and activities that would develop
these skills should be included and necessary
guidance should be provided.

It is typical for pre-service teachers to have a do-
minant learning style. What is not typical is the
fact that they did not use the skills in relation to
all learning styles of McCarthy’s learning cycle at
least to a certain extent. Yet, Bukova-Giizel, Elgi,
and Alkan (2006) found that learning activities
based on the constructivist learning approach
and learning styles significantly contributed to
the learning process. Pre-service mathematics
teachers should be made aware of the impor-
tance of learning styles in their education. Thus,
they should be encouraged to acquire know-
ledge, skills and abilities of different learning
styles at least to a certain extent and to design
their own learning environments, activities and
testing-evaluation processes and reflect these in
their applications. Such a teaching approach wo-
uld pave the way for both the students and pre-
service teachers in their future teaching careers
to feel relaxed with students who have different
learning styles in the learning and teaching pro-
cess. On the other hand, mathematics teachers at
secondary and primary schools should leave te-
aching approaches geared towards one learning
style and facilitate students’ learning processes
with multiple approaches and a consideration of
learning style principles. In order to do so, in-
service courses and seminars could be organised
for teachers. Moreover, activities and materials
appropriate for multiple learning approaches co-
uld be prepared in order to develop and advance
students’ non-dominant learning styles to a cer-
tain level in addition to their dominant learning
styles.

In order to decrease the limitations of the mea-
sures used to identify learning styles and to ob-
tain more extensive information about learning
styles, students’ skills in problem solving dimen-
sions and learning styles could be interpreted in
terms of the mathematics learning process, as in
the present study. Future research could inves-
tigate various problems with larger samples to
prove this hypothesis.
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