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Abstract: The purpose of this study was to examine fifth graders’ mathematical
reasoning and spatial ability, to identify a correlation with their learning styles, and

to determine the predictive power of their learning styles on their mathematical
learning profiles. This causal study was conducted with 97 fifth graders (60 females,
61.9% and 37 males, 38.1%). The data were collected using three instruments: the
Test on Learning Styles, the Mathematical Reasoning Test, and the Spatial Ability Test.
Considering the combined view of the data on a plane, correlation and regression
analyses were performed to identify correlations and prediction. The results showed
that the students’ spatial ability was better than their mathematical reasoning ability.
Their scores for visual, auditory, kinesthetic, reading, and combined learning account-
ed for 17% of the total variance in mathematical reasoning, whereas their scores
accounted for 20% of the total variance in spatial ability. Of the learning styles, only vi-
sual learning was a significant predictor of mathematical reasoning and spatial ability.

Subjects: Teaching Practice - Education; Primary Education - Teaching Practice; Education &
Training; Study Skills; Primary Education - Teacher Education & Training; Educational Research;
Education Studies; Behavioural Management; Teaching & Learning; Child Development

Keywords: learning styles; mathematical reasoning ability; prediction; spatial ability
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1. Introduction

Although it is feared, disliked, and lamented by most students, mathematics is an indispensable part
of our daily lives. Wherever we go and whatever job we do, mathematics, somehow, has been there,
influencing our thinking processes (Alkan, 2010; Putnam, 1992). According to students’ scores on
national and international tests, curricular revisions have been made both in Turkey and around the
world, which are mostly reflected in mathematics curricula. Reasoning is a skill that must be taught
as part of the mathematics curriculum, in addition to other skills such as questioning, critical think-
ing, justification, and problem-solving (Ministry of National Education [MoNE], 2013). In other words,
the objective is to enable students not only to use procedural skills, but also to learn mental skills
with an effective use of mathematics. It would be more appropriate to consider mathematics in-
struction to be an instrument for promoting mathematical thinking and reasoning rather than sim-
ply teaching formulas and proofs (Norfolk, 2006).

1.1. Mathematical reasoning

Despite continuous amendments to the curriculum, it is still questionable whether the target skills
can be effectively developed at school. Since school mathematics focuses on routine problems, stu-
dents get nervous when they encounter a non-routine problem and thus become less successful.
Teachers are inclined to be interested in the correct answer to a given problem rather than in the
procedures leading to the answer. To promote reasoning, in-class activities should center on the
process rather than the product (Umay & Kaf, 2005). In other words, mathematics instruction should
not be based on memorization. Instead, it should be done in a way to foster mathematical reason-
ing. Although they are considered to be an indicator of achievement in mathematics, high test
scores do not necessarily show that students are learning meaningfully. Mathematics cannot be
memorized and calls for interpretation and construction. Lithner (2008) sees the rote learning as a
main factor behind learning difficulties in mathematics. Ball and Bass (2003) claim that every stu-
dent should have a mathematical reasoning or ability to understand and make sense of mathemat-
ics. In line with these, Ross (as cited in Lithner, 2000) explains the objective of mathematics
instruction as follows:

[...] It should be noted that mathematics is based on reasoning. [...] Unless students can
develop reasoning, mathematics turns into simple use and application of certain procedures
and rules and cannot mean anything other than copying and imitating given examples
without their meaning being questioned.

One of the most fundamental objectives of mathematics instruction is to come up with logical an-
swers to the question “why,” or to help one develop reasoning. Reasoning is defined as drawing a
conclusion from results, judgments, facts, or propositions (Altiparmak & Ozis, 2005) or the line of
thought and the way of thinking to reach conclusions (Bergqvist, Lithner, & Sumpter, 2003).
Mathematical reasoning is a concept that involves the ability to form mathematical predictions, to
develop and evaluate mathematical discussions, and to present mathematical information in a va-
riety of ways: to draw conclusions from evidence in sum (National Council of Teachers of Mathematics
[NCTM], 1989, 2009). Mathematical reasoning for elementary school students refers to the ability to
recognize reasoning and proof as the basis of mathematics and to make and search for mathemati-
cal inferences (National Council of Teachers of Mathematics [NCTM], 2000). NCTM (2009) also puts
forward that reasoning should be a part of the mathematics classroom every day.

Mullis, Martin, and Foy (2005, p. 70) identified the dimensions of mathematical reasoning and the
target skills for each dimension as in Table 1.

As it can be seen from those dimensions, higher order thinking skills are required to have a good
mathematical reasoning. Umay (2003) emphasizes that mathematical reasoning forms the basis of
mathematics. Mathematics teaches not only numbers, operations, algebra, geometry, proportion,
and area measurement, but also identifying patterns, reasoning, making predictions, using rea-
soned thinking, and arriving at conclusions. Though it is uncommon in Turkey because of the
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Table 1. Mathematical reasoning dimensions and target skills

Analysis

- Ability to identify, describe, and use relationships between mathematical objects and variables
« Ability to use proportional reasoning

- Ability to form appropriate geometric figures to make it easier to solve a given problem

- Ability to visualize three-dimensional transformations

- Ability to compare and match different views of the same data

- Ability to draw valid conclusions from given information

Generalization

+ Ability to use more general terms with wider application to restate and expand the scope of conclusions
drawn by means of mathematical thinking and problem-solving

Synthesis/association

« Ability to combine several mathematical processes to reach a conclusion and to combine conclusions to
reach other conclusions

- Ability to make a connection between different components of information and associated representations
and to establish connections between associated mathematical ideas

Justification

« Ability to provide justification for the accuracy or inaccuracy of a statement by means of mathematical
properties or results

Solving non-routine problems

+ Ability to solve problems that exist in a mathematical context or real life and whose similar versions are
unlikely to be encountered by students

« Ability to apply mathematical operations to more complicated problems that are unfamiliar to students
- Ability to use geometric properties to solve non-routine problems

problems with its educational system (Bulug, 2014), making a connection between concepts and
coming up with innovative solutions are indispensable components of mathematics. The develop-
ment of mathematical reasoning depends on the diversity of the questions and activities designed
for students. In other words, it depends on the way classes are presented to students and the tasks
they are assigned. Student-centered classes, non-routine problems, and group work play a pivotal
role in the development of mathematical reasoning (McGraw & Rubinstein-Avila, 2008). The con-
structivist approach to education, which has become widespread in recent years, is likely to provide
more opportunities for children to develop mathematical reasoning.

1.2. Spatial ability

Just as mathematics instruction is expected to develop students’ mathematical reasoning, geome-
try instruction is expected to develop spatial ability, or visual and three-dimensional thinking skills.
Spatial ability involves forming, retaining, retrieving, and directing visual images of two and three-
dimensional objects (Lohman, 1993). According to Lord and Holland (1997), spatial ability refers to
visualizing words or figures in the mind and moving them by focusing on your thoughts. Spatial abil-
ity is closely intertwined with mathematics achievement (Hegarty & Waller, 2005) and integral to
mathematical thinking (Clements, Battista, Sarama, & Swaminathan, 1997). Spatial ability is signifi-
cant since it enables one to imagine figures, to think how objects can move and rotate, and to un-
derstand how pieces come together to form a whole, and the ability can be improved with spatial
thinking activities (Lord, 1987; Sternberg, 1990 as cited in Huk, 2006). Although everyone has the
potential, research results show that some people are more skillful in this respect. Since people with
spatial ability are likely to be successful in mathematics and science, teachers of these courses must
be knowledgeable about spatial ability, identify students who have the ability, and know how it can
be improved (Lord & Holland, 1997).
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1.3. Learning styles

Mathematical reasoning and spatial ability are indicators of learning mathematics in @ meaningful
way. What is important, however, is to try to understand how children learn and what interests them
and to arrange instructional methods accordingly. This is about learning style, which refers to the
way students acquire knowledge to learn and practice (Geer, 1997). Although there are many differ-
ent definitions in the literature (Coffield, Moseley, Hall, & Ecclestone, 2004), learning styles are de-
fined as students’ individual characteristics and preferences that reveal what they think about the
learning environment, how they interact with it, and how they react to it (Veznedaroglu & Ozgiir,
2005). Learning styles also involve preferred use of sense organs for learning. Learning styles are
based on the idea that knowledge is acquired by means of the senses. In this respect, they can be
divided into four: visual, auditory, read/write, and kinesthetic (Fleming & Mills, 1992). These learning
styles can be summarized as, the visual (V) learner learns best by visualizing the information, e.g. use
of charts, diagram, and mind maps, while the auditory (A) learner learns best by hearing the infor-
mation. The read/write (R) learner learns best when the information is displayed in words; and on the
other hand, the kinesthetic (K) learner learns best with practice or simulation.

Considering that human beings are likely to have more than one learning style and learning styles
vary from one person to another (Seker & Yilmaz, 2011), it would be ineffective to teach classes using
one single method. Students can learn faster and more easily when they know about and study in
accordance with their own learning styles. This idea is supported by Edgar Dale’s “cone of experi-
ence” (as cited in Lalley & Miller, 2007):

+ Learning and permanency increase as more sense organs are involved in the process.

 The best way of learning is to do something: our most vivid memories are often the result of di-
rect experiences.

» The best instruction moves from the concrete to the abstract and from the simple to the
complex.

As revealed by theoretical and experimental studies, teachers must be aware that not all elemen-
tary students have the same level of mental maturity in mathematics classes. Therefore, teachers
must employ a variety of methods for teaching these classes. If teachers attempt to teach mathe-
matical concepts using one single method, many students will have difficulty in comprehending the
instruction, or they will not comprehend it at all. Consequently, it will be impossible for such students
to be prepared for the mathematical topics to come (Rains, Kelly, & Durham, 2008).

1.4. Importance of the study

Although, there have been various studies related to the mathematical reasoning, spatial ability,
and the learning types of the students, a study on the relationship among those has not been en-
countered in the literature. Kell, Lubinski, Benbow, and Steiger (2013) have found that spatial ability
has a unique role in the development of creativity. Ryu, Chong, and Song (2007) revealed that some
of the mathematically gifted students were good at spatial ability, while some had difficulties in
imagining a three-dimensional object in space from its two-dimensional representation in a plane.
Okamoto, Weckbacher, and Hallowell (2014) concluded that there was a strong link between spatial
ability and mathematical performance. The findings of the study by Tosto et al. (2014) showed that
environmental effects explained most of the variation in spatial ability (~70%) and in mathematical
ability (~60%), while genetic factors explained about 60% of the observed relationship between
spatial ability and mathematics. Kramarski and Mevarech (2003) found that instructional method
with cooperative learning combined with metacognitive training has positively affected the mathe-
matical reasoning and metacognitive knowledge. Aineamani (2011) concluded that the way learn-
ers communicated their mathematical reasoning depended on the activities that were given by the
textbook being used in the classroom, and the questions which the teacher asked during the lessons.
Ali and Kor (2007) revealed that sequential-global and sensing-intuitive learning styles associated
significantly with brain hemisphericity. Yazici (2014) found that male pre-service teachers had

Page 5 of 18



Danisman & Erginer, Cogent Education (2017), 4 1266830 O;K-: Cogent oo ed ucation
http://dx.doi.org/10.1080/2331186X.2016.1266830

higher spatial visualization abilities than females in addition to the finding that spatial abilities dif-
ferentiated depending on their preferences for field-dependent/independent learning styles.

Nordin, Amin, Subari, and Hamid (2013) have found no relationship between visualization skills
and learning styles of the students.

1.5. Objective(s) of the study

Research on mathematics education emphasizes that students generally have difficulties in learning
mathematics because of its abstract and boring nature (Kislenko, Grevholm, & Lepik, 2005; Nardi &
Steward, 2003; Wong, Lam, & Wong, 2001). The main objective is to enable students to be successful in
mathematics and develop a positive attitude to it (Colgan, 2014; Mueller, Yankelewitz, & Maher, 2011,
National Research Council, 2001). As with previous curricula, the updated mathematics curriculum in
Turkey stresses the importance of reasoning as a mathematical process skill and recommends a student-
centered approach that takes individual differences into account (MoNE, 2013). This study hopes to iden-
tify the relationship learning styles have with mathematical reasoning and spatial ability and to present
findings that will enable mathematics instruction to appeal to students’ interests and expectations. Based
on the results of the study, teachers can see which learning style is particularly associated with mathemat-
ical reasoning and spatial ability and shape their instruction accordingly. In this respect, the purpose of this
study was to identify the predictive power of fifth graders’ learning styles on their mathematical learning
profiles (mathematical reasoning and spatial thinking ability). The following questions were posed:

» What is the combined view of the students’ scores for learning styles and mathematical learning
profiles?

» How are their scores for learning styles correlated with their scores for mathematical learning
profiles?

» To what extent do their scores for learning styles predict their scores for mathematical learning
profiles?

2. Methodology

2.1. Design

This study was causal since it attempted to identify the predictive power of learning styles on math-
ematical learning profiles. A causal design examines cause-effect relationships that emerge or exist
between certain variables and is used when cause-effect relationships are assumed to exist be-
tween research variables (Karadag, 2009). The independent variable was the students’ learning
styles, and the dependent variable was their mathematical learning profiles (mathematical reason-
ing and spatial ability).

2.2. Population and sample

The population for the study was composed of fifth graders from state schools in the center of Tokat,
Turkey, during the 2010-2011 academic year. The sample included 97 fifth graders from two differ-
ent schools selected using convenience sampling. Convenience sampling means involving individu-
als who are willing to participate in the study or who the researcher can easily contact (Berg, 2001;
Patton, 1990). The reasons for using convenience sampling in this study were limitations brought on
by the administration of the Test on Learning Styles (TLS). First, after the test was administered to the
students, they had the opportunity to share its concepts with their peers, which is why they were not
given a copy of the test. Second, it was necessary to choose representative students from large
groups since the test was administered individually. Third, the limited facilities of the school where
the study took place did not allow the test to be simultaneously administered to students in the
same classroom. Fourth, there were a limited number of copies of the instrument. Finally, there was
only one person who could administer the test.

The participants of the study included 60 females (61.9%) and 37 males (38.1%).
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2.3. Data collection instruments

2.3.1.TLS

The TLS, which was used to identify the students’ learning styles, was developed by Erginer (2002)
based on the studies by Vester (1997, as cited in Erginer, 2002) and Ultanir and Ultanir (2002). The
test consists of five common modules that analyze visual, auditory, kinesthetic, reading, and com-
bined learning characteristics and the Module of the Box of Mental Procedures. In the Module of
Visual Learning Style, participants are asked to study and recall 10 pictures. In the Module of Auditory
Learning Style, the researcher reads out 10 words, and participants are expected to recall them. In
the Module of Kinesthetic Learning Style, participants are asked to put their hands into a bag and
feel the objects in it. They are expected to recall 10 objects. In the Module of Reading Learning Style,
participants are asked to read and recall 10 words. The Module of Combined Learning Style includes
pictures, words, and objects revolving around 10 concepts. The Module of the Box of Mental
Procedures contains brief questions addressed to participants after each module. The objective is to
prevent them from instantly retrieving what they have recalled and thus to get more reliable results.
The test is administered to participants individually in five stages, which correspond to the five mod-
ules. According to the reliability analysis by Erginer (2002), the test-retest reliability coefficients for
the instrument were as follows: r=.80 for visual learning style, r = .85 for auditory learning style,
r = .84 for kinesthetic learning style, r = .87 for reading learning style, and r = .90 for combined learn-
ing style. As an example, in the Module of Reading Learning Style, there are 10 words: curtain, type-
writer, newspaper, walking stick, clove, ear, sun, eraser, jar, and duck.

2.3.2. The module of the box of mental procedures

In this module, students are asked brief questions for 30 s after each module. The questions are about
their name, favorite food, hobbies, or simple mental calculations. The objective is to prevent students
from instantly retrieving the pictures, words, or objects they have retained in their sensory memory, to
make them remember what they have in their short-term memories, and thus to get more reliable
scores on their learning styles. Once students have answered the questions, they are asked to recall
the pictures, words, or objects they have remembered and proceed to the next module.

2.3.3. The mathematical reasoning test

The Mathematical Reasoning Test (MRT), which was used to identify the students’ mathematical rea-
soning ability, was developed by Danisman (2011) based on the conceptual framework proposed by
Pilten (2008). The draft version of the test contained 30 multiple-choice questions, three questions for
each skill in the test. The questions were revised in accordance with expert opinion, and the test was
piloted. An item analysis was performed on the test by assigning 1 point to accurate answers and 0
points for inaccurate ones. The item discrimination indexes were calculated, and some items were ex-
cluded from the test. The final version of the test contained 10 items. The mean score was 5.1 (out of
10), and the standard deviation was 3.44. The mean difficulty was 51%. Since the items had varying
difficulties, the reliability of the final version was assessed using the Kuder-Richardson Formula 20 (KR-
20). The test had a KR-20 value of .90, suggesting high reliability. Here is a sample item from the MRT:

Nine cakes have been made for Berk’s birthday. Five girls have shared two cakes equally, and three
boys have shared one cake equally. Which of the following is true?

(a) One girl has eaten more cake than a boy.
(b) One boy has eaten more care than a girl.
(c) Everybody has eaten equal amounts of cake.

(d) The amounts of cake eaten by one girl and one boy cannot be compared.
2.3.4. The Spatial Ability Test

The Spatial Ability Test (SAT), which was used to identify the students’ spatial ability, was developed
by Danisman (2011) based on the elements specified in a review of literature. Since “visual memory,”
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Figure 1. A sample TSA item.

(A) (B) (C) (D)

L Rl

a subcomponent of spatial ability, overlaps with the Module of Visual Learning Style in the TLS, it was
excluded from the test. The draft version of the test contained 15 multiple-choice questions, three
questions for each skill in the test. The questions were revised in accordance with expert opinion,
and the test was piloted. An item analysis was performed on the test by assigning 1 point for each
accurate answer and no points for inaccurate answers. The item discrimination indexes were calcu-
lated, and some items were excluded from the test. The final version of the test contained five items.
The mean score was 2.9 (out of five), and the standard deviation was 1.32. The mean difficulty was
58%. Since the items had varying difficulties, the reliability of the final version was assessed using
the Kuder-Richardson Formula 20 (KR-20). The test had a KR-20 value of .59, suggesting moderate
reliability. Here is a sample item from the SAT:

Which of the options cannot be obtained by rotating the following Figure 1?

2.4. Administration

First, the MRT and the SAT were administered to a separate sample to test their validity and reliabil-
ity. Then, the instruments were administered to the participants of this study within one class hour.
However, the TLS was administered to the students individually, either in an available classroom or
in the library of the school. The administration of the test occurred in five stages, one stage for each
learning style, and took 12-15 min for each student altogether. Furthermore, participating in the
study was voluntary and announced to the students before conducting the study. The students are
told that they might have chosen not to participate in the study. In the first step, the required per-
missions were acquired from the parents, school managers, and the teachers.

2.5. Data analysis

While the MRT and the SAT were being developed, item analysis was performed using Iteman 3.0,
while other statistical analyses were carried out using SPSS 15.0. There were no incomplete data. The
mean scores of the students for learning styles and mathematical learning profiles were shown on
a hexagonal plane in the form of domains of learning. The broadest and narrowest domains of learn-
ing were estimated by adding one standard deviation to the mean scores and subtracting one
standard deviation from them, respectively. While the correlation between the mathematical learn-
ing profiles and learning styles was identified using the Pearson Product-Moment Correlation
Coefficient, the predictive power of the learning styles on the mathematical learning profiles was
calculated using multiple linear regression analysis. Before the analysis, the problem of multicollin-
earity was checked. The variance inflation factors (VIF) were below 10 (ranging between 1.37 and
1.72), and the tolerance statistics were above .20 (ranging between .58 and .73), which suggested no
perfect linear relationships between the independent variables or predictive variables.
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3. Findings

The results of this study were presented in three sections. The first section provided a combined view
of mathematical learning profiles and learning styles on a plane. The second showed the correlation
between the two. The final section presented the predictive power of learning styles on mathemati-
cal learning profiles.

3.1. The combined view of the scores for learning styles and mathematical learning
profiles

Aiming to reply the first research question, this section depicts the combined view of all the scores
related to the main variables of the study. For learning styles, the students had the highest and low-
est mean scores for visual learning (X = 6.03) and auditory learning (X = 3.95), respectively. As for
mathematical learning profiles, they had higher mean scores for spatial ability (X = 7.32) than math-
ematical reasoning (X = 5.66) (see Table 2). The mean scores suggested that the students were pre-
dominantly kinesthetic and visual learners and that their spatial ability was stronger than their
mathematical reasoning ability.

The standard deviations for the students’ learning styles and mathematical learning profiles gen-
erally moved away from zero. This suggests that the students had varying scores and the group was
heterogeneous with differences among its members. When one standard deviation was added to
the students’ mean scores for learning styles to estimate the maximum possible score, the highest
and lowest scores were for visual learning (X = 7.68) and auditory learning (X = 5.54). When the
same was done for their mathematical learning profiles, spatial ability (X = 9.54) had a higher value
than reasoning (X = 7.78). When one standard deviation was subtracted from their mean scores for
mathematical learning profiles to estimate the minimum possible score, the highest and lowest
scores were for visual learning (X = 4.38) and auditory learning (X = 2.36). When the same was done
for their mathematical learning profiles, spatial ability (X = 5.10) had a higher value than reasoning
(X = 3.54). These values indicated that no difference was observed when the mean scores were com-
pared. In other words, the standard deviation interacted well with the mean scores. Therefore, the
maximum and minimum possible values for learning styles and mathematical learning profiles were
as follows: about 55 and 24% for auditory learning, about 61 and 33% for reading learning, about 77
and 44% for visual learning, about 67 and 39% for kinesthetic learning, about 78 and 35% for rea-
soning, and about 95 and 51% for spatial ability.

The combined view of the students’ mathematical learning profiles and learning styles on a plane
(see Figure 2) indicated that the highest mean score was for spatial ability. It was followed by visual
learning, reasoning, kinesthetic learning, reading learning, and auditory learning. Since combined
learning style encompassed all the other learning styles, it was natural that it had a higher mean
score than the others. The score for visual learning was quite close to the one for combined learning.
The figure strongly suggests that the students were predominantly visual and kinesthetic learners
rather than auditory.

Table 2. The scores for learning styles and mathematical learning profiles with the broadest

and narrowest domains of learning

Skills Learning styles (n = 97) Mathematical learning
profiles (n = 97)

Reading | Auditory | Visual | Kinesthetic | Combined Reasoning Spatial
X 4.69 3.95 6.03 5.27 6.42 5.66 7.32
S 1.43 1.59 1.65 1.39 1.42 2.12 2.22
X+1S 6.12 5.54 7.68 6.66 7.84 7.78 9.54
x-1S 3.26 2.36 4.38 3.88 5.00 3.54 5.10
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Figure 2. The combined view of
mathematical learning profiles
and learning styles on a plane.

Figure 3. The combined view of
mathematical learning profiles
and learning styles on a plane
for the broadest domain of
learning.

Figure 4. The combined view of
mathematical learning profiles
and learning styles on a plane
for the narrowest domain of
learning.
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The combined view of the students’ mathematical learning profiles and learning styles on a plane
for the broadest domain of learning (see Figure 3) had the same characteristics as the combined
view of the students’ mathematical learning profiles and learning styles on a plane. When the scores
were taken into consideration as being added one standard deviation, the mean score for spatial
ability was higher than the mean scores for the other learning styles. The score for combined learn-
ing style encompassed the scores for the other learning styles as well as the score for mathematical
reasoning and approached the score for visual learning style.

Similarly, the combined view of the students’ mathematical learning profiles and learning styles on the
same plane for the narrowest domain of learning (see Figure 4) had the same characteristics as the com-
bined view of the students’ mathematical learning profiles and learning styles on a plane. When the scores
are taken into consideration as being added one standard deviation, the mean score for spatial ability was
higher than the mean scores for the other learning styles. The score for combined learning style ap-
proached the one for visual learning style and encompassed the mean scores for all the learning styles.

Reasoning

ability: 3.54
6

. Kinesthetic
Spatial i e Mathematical
ability: 5.10 learning learning profiles and
o style: 3.29 : P
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) ) ess=» Combined Learning
Reading Visual Style: 5,00
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Considering all three planes, the difference in the mean scores for spatial ability and combined
learning style decreased as the domain of learning became narrower. The difference between spa-
tial ability and combined learning style was .90 (6.42-7.32) when all the scores were viewed on a
plane. When the domain of learning became broader, the difference rose to 1.70 (9.54-7.84).
However, the difference reduced to .10 (5.1-5) when the domain of learning became narrower. This
suggests that memory-based learning activities have a significant influence on spatial ability.

3.2.The correlations between the students’ scores for learning styles and mathematical
learning profiles

Aiming to reply the second research question, this section reveals the correlation coefficients among
the main variables of the study. The Pearson correlation analysis was performed to identify the cor-
relation between the students’ scores for mathematical learning profiles and learning styles. The
results showed that there was a moderate, positive, and significant correlation between their scores
for mathematical reasoning and spatial ability (r=.43, p <.05). The determination coefficient
(r*=.18) suggested that the scores for mathematical reasoning and spatial ability accounted for
18% of the variance in one another. The highest bivariate correlation was between visual learning
and reading learning (r=.57, p <.05). There was not any significant correlation between reading
learning and spatial ability or between auditory learning and reasoning (p > .05) (Table 3).

3.3. The predictive power of learning styles for mathematical learning profiles

Aiming to answer the third research question, this part puts forward the regression results. In order to
identify the correlation between the students’ scores for learning styles and mathematical learning pro-
files, the latter was considered as the dependent variable. A multiple regression analysis was performed to
determine the extent to which learning styles accounted for variance in mathematical learning profiles.

The results of the multiple regression analysis showed bivariate and partial correlations between
the predictive variables and the dependent variable of mathematical reasoning (see Table 4).
Although the highest correlation was between the scores for visual learning and mathematical rea-
soning (r=.36, p <.05), the correlation between the two variables decreased to r=.21 when the
other variables were taken into account. According to the standardized regression coefficient (), the

Table 3. The correlation between the students’ scores for mathematical learning profiles and

learning styles (n = 97)

Spatial Reading Visual Auditory Kinesthetic Combined
Reasoning 437 .28 .36 .20 .30% .25%
Spatial .20 37 237 .35 .28
Reading 57* Lb* .35% 4L2F
Visual LTF .38* 31
Auditory 27* 37*
Kinesthetic 4L5*

*Level of significance at p <.05.

Table 4. The values for the predictive power of learning styles on mathematical reasoning

Variable B Standard error B t Bivariate r Partial r
Constant 1.39 1.09 - 1.28 - -
Reading .08 18 .05 43 28 .05
Auditory -.03 15 -.02 -.20 .20 -.02
Visual 34 .16 .26 2.10 .36 217
Kinesthetic 22 17 15 1.31 30 14
Combined 13 17 .09 T4 25 .08

Notes: R = .41; R2 = .17; F (5, 91) = 3.74; p < .05.
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Table 5. The values for the predictive power of learning styles on spatial ability

Variable B Standard error B t Bivariate r Partial r
Constant 2.48 1.12 - 2.22 - -
Reading -17 19 -11 -90 .20 -.09
Auditory .05 16 .04 33 23 .04
Visual .39 17 .29 2.36 37 24%
Kinesthetic 33 18 21 191 35 .20
Combined 21 18 13 1.18 .28 12

Notes: R = .45; R? = .20; F (5, 91) = 4.65; p < .05.

predictive variables that influenced mathematical reasoning were as follows, in order of importance:
visual learning, kinesthetic learning, combined learning, reading learning, and auditory learning.
According to the results of the t-test on the significance of the regression coefficients, only visual
learning was a significant predictor of mathematical reasoning at the level of .05. Reading, auditory,
kinesthetic, and combined learning did not have a statistically significant effect on mathematical
reasoning. When reading, auditory, visual, kinesthetic, and combined learning were considered to-
gether, they had a moderate and significant correlation with mathematical reasoning (R = .41;
R?=.17, p <.05). These five variables accounted for about 17% of the total variance in mathematical
reasoning.

In addition, the results of the multiple regression analysis showed bivariate and partial correla-
tions between the predictive variables and the dependent variable of spatial ability (see Table 5).
Although the highest correlation was between the scores for visual learning and spatial ability
(r=.37, p <.05), the correlation between the two variables decreased to r = 24 when the other vari-
ables were taken into account. According to the standardized regression coefficient (5), the predic-
tive variables that influenced spatial ability were as follows, in order of importance: visual, kinesthetic,
combined, reading, and auditory learning. According to the results of the t-test on the significance
of the regression coefficients, only visual learning was a significant predictor of mathematical rea-
soning at the level of .05. When reading, auditory, visual, kinesthetic, and combined learning were
considered together, they had a moderate and significant correlation with spatial ability (R = .45;
R?=.20, p <.05). These five variables accounted for about 20% of the total variance in mathematical
reasoning.

4. Discussion and conclusion

This study identified the learning styles of fifth graders as well as their mathematical reasoning and
spatial ability. The results showed that their spatial ability was more advanced than their mathe-
matical reasoning. Bivariate correlations were identified between all the variables, except between
reasoning and auditory learning, namely: reading learning, visual learning, auditory learning, kines-
thetic learning, combined learning, spatial ability, and reasoning. Only visual learning was a signifi-
cant predictor of mathematical reasoning and spatial ability.

According to the results, the students were predominantly visual and kinesthetic learners. This
finding is also supported by several other studies in both Turkish and foreign literature (Bedir, 2007;
Demir, 2010; Eskici, 2008; Felder & Silverman, 1988; Giirgen, 2010; Park, 2002; Tepehan, 2004; Ultanir
& Ultanir, 2002; Wallace, 1995).

The students had moderate scores for mathematical reasoning, while their scores for spatial abil-
ity were significantly higher than the others. The finding suggests that the students’ spatial ability
was highly advanced, whereas their mathematical reasoning was moderate. The finding is also sup-
ported by Demirtas and Duran (2007), who studied how developed elementary school students were
in terms of multiple intelligences. The authors observed that the students’ visual/spatial intelligence
was highly developed, but their logical/mathematical intelligence was moderately developed. Several
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other studies support the finding that elementary school students have moderate mathematical
reasoning ability (Altun & Arslan, 2006; Yazgan & Bintas, 2005). Ildiri (2009) examined textbooks and
workbooks for fifth graders. The author found that almost three-quarters of the problems in the
books were accompanied by visuals (figures, pictures, tables, and graphs) and thus mostly appealed
to visual learners. This might be the reason why the students in this study had such high scores for
visual learning. Ildiri’s study (2009) also concluded that a quarter of the problems in the books were
non-routine problems, which can explain why the students in this study had moderate mathemati-
cal reasoning ability.

However, some other studies have reported findings that do not confirm the idea that elementary
school students have advanced spatial ability and moderate mathematical reasoning ability. For
example, Olkun and Altun (2003) compared elementary school students’ spatial thinking skills and
achievement in geometry. They observed that the students had low scores for spatial thinking.
Similarly, Turgut and Yilmaz (2012) found secondary school students’ spatial ability to be rather low.
Isik and Kar (2011) examined elementary school students’ logical thinking and reasoning. They con-
cluded that the students had difficulty in reasoning during problem-solving activities. Likewise, Umay
and Kaf (2005) reported that students moving to secondary school had weakened reasoning ability.

In this study, the standard deviation of the scores for mathematical reasoning was higher than that
of the scores for learning styles, which might have been caused by differences among the students in
terms of their mathematical skills, learning background, attitudes toward and achievement in math-
ematics, and mathematical anxiety (Dursun & Dede, 2004; Kegeci, 2011; Tasdemir, 2009; Tatar &
Dikici, 2008). Alternatively, it might have been influenced by whether the students had attended a
preschool, how educated their parents were, and whether their mothers worked. Gliven (2007) at-
tempted to identify preschoolers’ instinctive mathematical ability. The author concluded that stu-
dents attending a preschool had better instinctive mathematical ability. Similarly, children whose
parents enjoyed a high educational status and whose mothers worked had higher instinctive math-
ematical ability. These differences influence elementary school students’ mathematical achieve-
ment, mathematical reasoning, and spatial ability at varying degrees. In addition, attitudes toward
mathematics might be the reason for differences among students in terms of mathematical achieve-
ment and ability. In Tobias’ study, some students considered themselves to lack mathematical ability
or mathematical intelligence and reported that it would be wrong to expect them to be successful in
mathematics (as cited in Kloosterman & Stage, 1992). Other students reported that anyone could
learn mathematics and develop mathematical ability as long as they made sufficient effort. This sug-
gests that students who do not believe that they can develop mathematical ability are not willing to
study, nor do they make effort to improve their problem-solving skills. In this respect, it is not surpris-
ing that students with different views on their mathematical ability will have varying degrees of
mathematical reasoning ability. Adams (2007) asserted that mathematical reasoning can greatly
differ from one person to another and childhood difficulties can survive into adulthood. The author
identified three basic reasons for differences in mathematical ability, namely: genetic, cognitive, and
behavioral, and adds that the environment and gender differences can have their own effects. On the
other hand, York and Clark (2007) maintain that differences in mathematical ability have nothing to
do with gender. According to them, if there are differences between genders, this is probably caused
by inequality of opportunities, level of socialization, and other environmental factors.

The standard deviations for the students’ spatial ability were high. The reason for this might be
associated with whether they had access to computers at home or school, whether they took com-
puter classes, whether their classes were computer assisted, and whether they had access to the
Internet. Yildiz (2009) tested the effectiveness of a computer-assisted method and found that the
use of the method generated better results in terms of spatial visualization and mental rotation.
Similarly, Rafi, Samsudin, and Said (2008) used computer-assisted instruction and reported that it led
to higher scores for spatial visualization. They added that males had higher scores than females.
Likewise, Samsudin, Rafi, and Hanif (2011) demonstrated that computer-assisted instruction and
gender were pertinent factors in mental rotation and spatial visualization, two components of spatial
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ability. The groups that used computers had higher scores than those that did not. In addition, males
had better results than females. McClurg, Lee, Shavalier, and Jacobsen (1997) found that the use of
computers developed spatial ability. In a study by Olkun and Altun (2003), those children who had
access to computers at home and early childhood computer experience were more successful in the
geometry test. The differences among the participants of this study in terms of spatial ability might
also depend on whether they played video games and which video games they played most (Gagnon,
1985; Okagaki & Frensch, 1994; Subrahmanyam & Greenfield, 2002). However, some other studies
reported that computer games do not have an effect on spatial ability (Hirvasoja, 2004).

The standard deviations for the students’ learning styles suggest that there were not many differ-
ences among the students. Wallace (1995) reported that students and teachers have similar learn-
ing styles. Considering that teachers are inclined to teach their classes in accordance with their own
learning styles, it is not surprising that the students did not greatly differ from one another in terms
of learning styles. Even so, Montgomery and Groat (1998) and Geer (1997) maintain that students
come with their own learning styles and thus there should be some differences among them.

There was a moderate, positive, and significant correlation between the students’ scores for
mathematical reasoning and spatial ability. Delialioglu and Askar (1999) demonstrated that visual
ability, which involves logical thinking skills, mathematical ability, problem-solving skills, spatial ori-
entation, and spatial vision, has a positive influence on student achievement. This suggests an inter-
play between spatial ability and mathematical ability. Similarly, Turgut and Yilmaz (2012)
demonstrated a correlation between spatial ability and mathematical achievement. Likewise, Tai,
Yu, Lai, and Lin (2003) report a connection between logical thinking and spatial ability. Olkun and
Altun (2003) hold that an improvement in skills in spatial development will lead to a corresponding
improvement in mathematical thinking. In addition, there was a positive and significant correlation
between the scores for visual learning and those for mathematical reasoning and spatial ability.
Most research in the literature has demonstrated a positive correlation between visual instruction or
visual learning style and achievement in mathematics and geometry (Bayrak, 2008; Demir, 2010;
Garderen, 2006; Guzel & Sener, 2009).

The students’ learning styles accounted for 17% of the variance in mathematical reasoning.
Similarly, Anzelmo-Skelton (2006) investigated students with learning difficulties. She found that the
students’ learning styles had an effect on their selection of appropriate procedures for problem-
solving and on their responses. However, some other studies do not confirm this finding. For in-
stance, Hegarty and Kozhevnikov (1999) did not observe a clear correlation between the use of
spatial and visual demonstrations and achievement in mathematical problem-solving.

The students’ learning styles accounted for 20% of the variance in spatial ability. Grigoriadou,
Papanikolaou, and Gouli (2006) report that it is an advantage to have a variety of learning styles and
the most productive and successful students in any groups are usually those who are more visual.
GCakmak (2009) and Eisenberg (1999) demonstrated that visual instruction develops spatial ability.
Similarly, Gulten and Giilten (2004) report a high correlation between achievement in geometry
classes and visual learning style.

To conclude, learning styles, mathematical reasoning, and spatial abilities of fifth-grade students
have dichotomously mutual relationships and students’ learning styles are an important predictor of
their mathematical reasoning and spatial abilities. As mathematical reasoning and spatial ability
generate the core of mathematics instruction and may be thought as the indicators of student
achievement, it is important for teachers and educators to focus on the variables—one of which is
learning styles handled within the current study—affecting these two core elements of mathematics
education. It may be recommended to deal with other factors related to these abilities of students
in the future studies. What is more, we determined the mathematical reasoning and spatial abilities
of the students using quantitative tools conducted simultaneously for all the students. Future stud-
ies may investigate these abilities for individual students to get data that are more detailed.
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