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Abstract

The aim of this research is to examine the mathematical thinking skills of licensed athletes engaged in individual and team
sports. The research is designed as a survey model. The sample of the research is composed of 59 female and 170 male
licensed athletes (n = 229) and (aged 14 to 52) licensed who do the sports of shooting, billiards, archery, tennis, basketball,
football, volleyball in various clubs in Turkey. The "Mathematical Thinking Scale" developed by Ersoy (2012) has been
employed in the research. Individual sports athletes are more likely to have higher mathematical thinking scores than team
athletes. In sports types; those who play billiards and archery have higher scores of mathematical thinking skills compared
to other sports types. According to the type of sports the lowest scores of thinking skills were obtained by basketball
players. These differences are valid for higher-level thinking tendencies, reasoning, mathematical thinking skills and
problem-solving skills, which are sub-dimensions of the mathematical thinking scale.

Keywords: thinking skills, mathematical thinking, individual and team athletes, high-level thinking skills,
problem-solving, reasoning.

1. Introduction

Thinking involves critical and creative aspects of the mind. In our thinking process, there are a lot of reasoning works in
mind. These are named according to the operations performed; problem solving, decision-making, critical thinking,
reflective thinking, creative thinking, reasoning and so on. These are the reasons for creating thought. In the process of
thinking, the individual must use the thinking process in an effective and meaningful way. At this stage, the individual
needs to construct his thinking system in a good way (Fisher, 2005, Ersoy & Basar, 2012, Gunes, 2012). Thinking,
unlike feelings, impressions and designs, is defined as the independent and unique state of the mind, its ability to
comprehend, separate, merge, as well as to connect and understand forms (TDK, 2005).

Mathematics is always a topic at all levels of education, from primary school to university. Mathematical properties are
different from those of other sciences (Baykul, 2005, s.33, Husnaeni, 2016). Mathematics is one of the most important
branches of science that develop thinking. Mathematics is a discipline that requires a certain way of thinking, is
associated with many fields, and can develop to a certain degree (Maddox, 2002). The ability to think, which is the most
important feature that distinguishes man from other living things, means being able to make deductions from the
experienced events; to interpret and rearrange them from its own point of view. For these reasons, mathematics
education constitutes one of the most important building blocks of basic education. Mathematics education provides
important skills such as thinking in life, establishing relationships between events, reasoning, estimating, problem
solving apart from gaining calculation skills and teaching numbers and mathematical operations (Umay, 2003). These
skills are learned, develop and support each other as they are used, mathematical skills are the skills that are used to
make meaningful or develop one another (Olkun & Toluk, 2006). A mathematical thinking style is the way in which an
individual prefers to present, to understand and to think through, mathematical facts and connections by certain internal
imaginations or externalized representations (Ferri, 2015).

According to Cotton (2010), everyone can think mathematically; mathematical thinking can be improved by reflection;
mathematical thinking evokes contradiction, tension, and excitement; mathematical thinking is supported by the
atmosphere of questioning, difficulties and reflection; mathematical thinking helps us understand ourselves and the
world. Physical, mental, and emotional connections are seen as requirements that provide mathematical thinking
(Hudson, Henderson & Hudson, 2016). In mathematical thinking, there is an effort to reach a product by moving from
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our perceptions, as in every thinking. There may be individual differences in approaches used during this effort (Alkan
& Bukova, 2005). It can be said that mathematical thinking is a form of thinking that is realized not only in cases with
numbers and abstract mathematical concepts but also in daily life (Yesildere & Turnuklu, 2007). Mathematical thinking
involves all important skills such as logical and analytic thinking as well as quantitative reasoning (Devlin, 2012).

Developing mathematical thinking is the main goal of mathematics education. In today's information-based society, it is
desirable to develop process skills such as innovative ways to find a solution to a problem. As for the extent to which
mathematical thinking is effective, it is important to have the proficiency to mathematical processes of questioning; to
understand the content and areas of application of mathematics; to cope with emotional and psychological situations,
and to be confident to use the adverse situations to one’s own advantage. In certain situations, mathematical and
statistical thinking develop creative and critical thinking (Mason, Burton, & Stacey, 2010, Isoda & Katagiri, 2012).

When looked at the studies on mathematical thinking, it is evident that the studies on mathematics education are more
common. (Alkan & Bukova, 2005; Yesildere & Turnuklu, 2007; Arslan & Yildiz, 2010; Ersoy & Baser, 2012; Tataroglu,
Celik & Erduran, 2013; Ersoy & Guner, 2014; Gibney, 2014; Herlina, 2015; Saragih & Napitupulu, 2015; Hudson,
Henderson & Hudson, A, 2016). The authors emphasize the need for continuous improvement of mathematical thinking
in mathematics education.

Looking at the neurophysiology of learning in recent years, it is seen that studies conducted in certain areas such as
physical activity, physical education, and sports make important contributions to thinking skills. These studies focus
more on thinking skills and different types of intelligence (Bozkurt, 2004; Hosgor & Katranci, 2007; Tekin, 2009;
Coskuner, Gacar & Yanlic, 2010; Certel, Catikkas & Yalcinkaya, 2011; Hekim & Tokgoz, 2012; Cinkilic & Soyer, 2013;
Kucuk & Oncu, 2014; Kiremitci & Canpolat, 2014; Holmes, Liden & Shin 2013, Shalar, Strikalenko & Ivaschenko,
2013; Chatzipanteli, Digelidis, Karatzoglidis & Dean, 2014; Furley & Memmert, 2015; Singh, Singh & Singh, 2015;
Jakovljevic, Pajic & Gardasevic, 2015; Gogoi, 2016).

Team sports contribute to improving the individual's ability to socialize, communicate well with other people, win and
lose together, do teamwork and help. Individual sports, on the other hand, enhance the individual's ability to develop his
will to go beyond his potential, to challenge himself, and to acquire self-confidence (Salar, Hekim & Tokgoz, 2012).
Determining what level of mathematical thinking is important for individual and team athletes, which has a very
important place in thinking skills, has been a subject worth studying. In this study, we examine the mathematical
qualities that affect performance of athletes. Our research questions are:

1. Do individual and team athletes differ in mathematical thinking skills?

2. Do the athletes differed in mathematical thinking skills according to the type of sports they do?
2. Method

2.1 Research Model

The aim of this research is to examine the mathematical thinking skills of licensed athletes engaged in individual and
team sports. The research has been designed as a survey model. Survey models are a type of research, which aim to
describe the past or present events as they exist. The case, person or object to be studied is defined as they exist and in
their own conditions. No attempt is made to alter or influence them (Karasar, 2009).

2.2 Participants

The sample of the research were composed of 59 female and 170 male licensed athletes (n = 229) and (aged 14 to 52) who
do the sports of shooting, billiards, archery, tennis, basketball, football and volleyball in various clubs in Turkey. 97 of the
athletes participating in the survey are individual athletes and 132 are doing team sports. Of these athletes; 60 are football,
29 are baskethall, 43 are volleyball, 13 are tennis, 6 are billiards, 17 are shooting and 61 are archery athletes.

2.3 Data Collection Instrument

The "Mathematical Thinking Scale™ developed by Ersoy (2012) has been employed in the study. Mathematical thinking
scale consists of the sub-dimensions of higher-level thinking tendencies, reasoning, mathematical thinking skills and
problem-solving skills. It is a 25-item likert-type scale covering a total of 25 items 20 positive and 5 negatives. As a
result of the analysis conducted, the reliability of the scale is calculated 0.78. The highest point scored on the scale is
125 and the lowest score is 25.

2.4 Implementation Process

The "Mathematical Thinking Scale" was taken to the licensed athletes in various clubs and it was requested that the
questionnaire is filled in mostly as a result of face-to-face interviews by the researchers. After the questionnaires were
filled they were returned to the researchers so that they were meticulously answered.
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2.5 Data Analysis

The data were analyzed using the SPSS software (IBM SPSS Statistics Version 21). Before the analyses, data was
screened and prepared for the analysis. Primarily tested using the Kolmogorov-Smirnov normality test for the related
research variables. A normal distribution wasn’t observed. Therefore, the Mann-Whitney U and Kruskal-Wallis tests, a
nonparametric techniques, were used for examining the mathematical thinking skills of licensed athletes engaged in
individual and team sports.

3. Findings

Findings were organized by research questions. The first research question in our study was whether "individual and
team athletes differ in mathematical thinking skills". Table 1 shows the data pertaining to this question.

Table 1. Comparison of the total points scored in the mathematical thinking scale according to the sports type variable
(individual-team)

Group N Rank av. Rank Total U p
Individual 97 137,48 12999,0

42210 ,000
Team 132 98,48 13336,0

Statistically, the difference in the level (p <0.05) favors the athletes who do individual sports (Table 1). Participants who
were engaged in individual sports came to the conclusion that they were more successful in terms of mathematical
thinking.

The second research question was whether or not the athletes differed in mathematical thinking skills according to the
type of sports they were doing. As seen in (Table 2) the ability to think according to the type of sports was statistically
different (p <0.05).

Table 2. Differentiation of the athletes’ mathematical thinking skills scores in terms of sport types.

Group N Rank av. Chi-Square p
Football 60 111,03

Basketball 29 62,53

Volleyball 43 105,21

Tennis 13 119,73 34,09 ,000
Billiards 6 172,08

Shooting 17 123,82

Archery 61 141,67

It has been found that the scores of the athletes who do the sports of billiards and archery are significantly higher than
those of other types of sports. According to the type of sports the lowest scores of thinking skills were obtained by
basketball players (Table 2).

According to the sub-dimensions of mathematical thinking skills scale (Table 3), the skills of “higher level thinking”,
“reasoning”, “mathematical thinking”, “problem-solving” have differed according to the type of sports that each athlete
does (p <.0.05).
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Table 3. Differentiation in the athletes' mathematical thinking ability sub-dimensions scores in terms of sport types

Dimension Group N Rank av. Chi-Square p

Football 60 109,3

Basketball 29 69,6

Higher-Level Volleyball 43 99,6
Thinking Tennis 13 134,9 29,43 ,000

Tendency Billiards 6 150,5

Shooting 17 139,2

Archery 61 138,2

Football 60 115,5

Basketball 29 66,9

Volleyball 43 115,4
Reasoning Tennis 13 128,6 22,07 ,001

Billiards 6 164,2

Shooting 17 129,3

Archery 61 125,2

Football 60 109,6

Basketball 29 73,9

. Volleyball 43 109,7
Q"h"’};hlfirg"‘gﬁ'us Tennis 13 112,9 22,14 001

Billiards 6 150,7

Shooting 17 118,0

Archery 61 139,6

Football 60 120,59

Basketball 29 80,8

. Volleyball 43 107,2
grk?ﬁ'sem'so"””g Tennis 13 106,7 17,35 008

Billiards 6 1745

Shooting 17 104,7

Archery 61 129,9

Athletes who do the sports of billiards and archery have higher scores on all sub-levels of mathematical thinking skills
scale than other athletes (Table 3). When we look at the skills in all sub-dimensions, basketball players got the lowest
scores for mathematical thinking skills.

4. Discussion and Conclusion

In this study, in which we tried to determine the mathematical thinking in the cases of individual and team athletes, it is
examined how mathematical thinking differs according to types of sports.

According to the results of the research, there is a statistically significant difference in favor of individual athletes
among the participants who do individual and team sports. We have come to the conclusion that participants who do
individual sports are more successful in terms of mathematical thinking skills. Shalar, Strikalenko & Ivaschenko (2013),
in their research where they studied the individual characteristics of tennis players according to their playing style, came
to the conclusion that the emotional and mental characteristics of the players differed according to their playing styles.
It was determined that the athletes employing cautious playing style had higher intellectual capacity.

Chatzipanteli, Digelidis, Karatzoglidis & Dean (2014), in their research where they studied the effectiveness of the
tactical game model in improving primary school children’s higher order cognitive behaviors, concluded that the
tactical game approach could improve higher order cognitive behaviors in primary school physical education classes. In
our study, participants in individual sports have been found to have higher mathematical thinking skills. In a study by
Gogoi (2016), where he researched on the emotional intelligence of athletes doing team sports, it is argued that the
athletes of football, hockey, basketball, and volleyball have similar types of emotional intelligence.

According to the data obtained, the scores of participants who do the sports of billiards and archery are significantly
higher than the other groups. Participants with the lowest scores are those who play basketball. Jakovljevic, Pajic &
Gardasevic (2015), in their research where they studied the effects of 48 professional basketball players' cognitive
abilities on shooting performance and overall performance, found that the cognitive abilities needed to be improved in
order to improve the overall performance of basketball players. The results of their research that basketball players need
to improve their cognitive abilities supports the low level of mathematical thinking skills of athletes playing basketball,
which has been found in this research. Mathematical thinking skill is also a cognitive skill. The failure to train a
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sufficient number of athletes among professional basketball players at national level reveals the necessity to focus on
these cognitive skills and the activities related to the training of mathematical thinking skills.

Among those who do team sports, there is a statistically significant difference in favor of those who play football and
volleyball sports in terms of the total scores they have gotten on mathematical thinking scale. We came to the
conclusion that the participants who play football and volleyball are more successful than basketball players in terms of
mathematical thinking. In the study of Furley & Memmert (2015), the relationship between the memory capacity of
professional footballers and the creativity specific to the field was examined. The results show that memory capacity is
not related to football-specific creativity. Bozkurt (2004), in his research on creativity and multi-intelligence in relation
to creativity in football in terms of skill and game intelligence, did not find a significant relationship between variables
of "football fluency" and "football originality”, and "multiple intelligence fields", which form football field
measurements. It has been found that there is a significant relationship between the variables of "football fluency" and
"football originality"”, and the "form creativity" skills of footballers. Singh, Singh & Singh (2015) found, in their studies
where they compared mental skills of volleyball and football players playing for the school and college teams or clubs,
that the mental skills of football players at the school level are better than the mental skills of volleyball players. There
is no significant difference between football players and volleyball players at the college and club level. This result can
be attributed to the fact that the skills in some team sports have not yet developed in the school years. Holmes, Liden &
Shin (2013), in their study where they examined the relation between children's thinking styles, and their game
preferences for and their school performance, detected a meaningful correlation between children’s thinking styles and
game preferences; between game preferences and academic performance; between thinking styles and academic
performance; between their way of thinking and the cultural environment. Among the athletes who do team sports,
participants who play football and volleyball are more successful in mathematical thinking in all sub-dimensions in
terms of the scores they got from sub-dimensions of mathematical thinking scale.

According to the results of the studies in the literature and of this study where we have examined the athletes who do
individual and team sports in terms of their mathematical thinking skills, the activities for all dimensions of thinking
skills should be diversified and increased in both sports classes at schools and training programs at sports clubs. Similar
studies can be conducted on types other than selected sports types in this survey. It is hoped that further studies in this
field will make important contributions to education, coaching institutions, students enrolled in physical education
teacher training program, athletics clubs and sports in the developing countries.
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