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Athletes

Abstract

The aim of this research was to compare the Trail Making
Test (TMT) scores of open and closed skills sports” athletes.
Total of 85 volunteers who are footballers, track and field
athletes and sedentary participated. Participants performed
the short form of International Physical Activity
Questionnaire (IPAQ) and TMT (A/B). The statistical
package program “SPSS 22.0” was used to analyze the data.
In the analysis of categorical data, independent-t test and
one-way analysis of variance were used to examine the
statistical ~ difference between independent groups.
Correlations between continuous variables were performed
using Pearson’s corelation analysis. There was no
statistically significant difference between the TMT score of
footballers and track and field athletes (p>0.05). While there
was no statistically significant difference between the
metabolic equivalent (MET) levels of football players and
track and field athletes (p<0.05), the MET levels of both
groups were significantly higher than those of sedentary
group (p>0.05). As a result, there was no difference between
open skill athletes (footballers) and closed-skill athletes
(track and field athlete) in terms of motor processing speed,
attention, number sorting (form A) and task-switch,
cognitive flexibility, functioning memory, visual scanning
(form B) skills.
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INTRODUCTION

Although optimum performance in sport is associated with physical performance,
cognitive abilities of athletes can determine the level of performance. Cognitive processes
such as decision-making, problem-solving, cognitive flexibility in response to sudden and
ever-changing situations, focused attention, and inhibition control determine the level of
executive functions that athletes will be able to process and take many stimuli under time
pressure (Krenn et al., 2018; Miyake et al., 2000; Vestberg et al., 2017).

Executive functions which are controlled by frontal lobe of the brain are influence by
such varies like physical activity (Deslandes et al., 2009; Kvalo et al., 2017) age (Harada and
Triebel, 2013), nutrition (Thodarkathai, 2018; Richard et al., 2018), sleep (Kasenova et al,,
2017), smoking (Yolton et al., 2004) alcohol (Evert et al., 1995), athletes level and training
year (Cona et.al, 2015; Hygiene et al., 2015; Lundgren et al., 2016; Pasaoglu et al., 2019) and
the type of sport skill (Di Russo et al., 2010; Jacobson and Matthaeus, 2014; Wang et al., 2013).

In recent years many stuedies revealed that participation in physical activity effects
executive functions such as working memory, attention, mental flexibility in addition to
academic achievement. (Davis et al., 2011; Kashihar et al., 2009; Niederer et al., 2011; Xiong,
Li and Tao, 2017). Sport-related physical activities that require coordinating and problem-
solving are known to activate brain regions used to control high-grade cognitive processes
(Best, 2010; Diamond and Lee, 2011; Zhao et al., 2016).

It is reported that more cognitive functions are needed in branches that require the
ability to adapt to situations where environmental factors change frequently and abruptly
like basketball, football, and tennis than in branches where similar conditions are constantly
repeated like athletics and swimming (Bianco Di Russo et al., 2017; Voss et al., 2010; Alvurdu
et.al., 2019). The sport branches which require complex cognitive functions such as strategic
thinking, process information from an opponent and the ball, intuition, spatial perception
need open skills. But predictable, repetitive movements and continuous similar changes
require closed skills (Wang, 2013).

Wang et al. (2013) revealed that tennis players are more successful in inhibition
control skills than swimmers and sedanters. It is thought that open skill athletes' cognitive
functions such as problem-solving and inhibition control (Jacobson and Mattheus, 2014),
visual attention, decision making-and motor skills (Taddei et al., 2012) are better than closed
skill athletes and sedentary. Yu et al. (2017) indicated that badminton athletes are better than
swimmers in their ability to use initiative to create new conditions or change the course of
existing conditions, whether positive or negative. When these data are evaluated, the higher
the cognitive demands in the sport branch, the higher the cognitive skills of the athletes.
Athletes are seen to be more likely to restore and transfer these skills when practicing
cognitive tasks that are not related to sport. Particularly sports that require strategic thinking
and problem solving have high demands on inhibition, working memory and mental
flexibility. It is well known that demands open skill athletes must adapt to variable changing
situations in order to react to teammate’s movement, decision and behavior. In this respect,
the athletes of this branch should perform better in TMT than the athletes who perform
stationary and predetermined tasks with repetitive movements. In this study, it aimed to
compare TMT performance of athletes” in sports branches involving open and closed skills.
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METHOD
Participations

Sample of this research were composed of 85 voluntary participants. Sample was made
up 30 footballers, 25 track and field athletes, 30 sedentary. Footballers were in an amateur
team in Bursa, (age:20.23 + 2.34 years, height:172.73 + 8.89 cm, weight: 66.20 + 9.68 kg), track
and field athletes from Turkey Olympic Preparation Center who performs in different
branches such as sprint, long distance, high jump, javelin throw, put (age:19.58 +. 2.4 years,
height: 176.62 + 7.89 cm, weight 66.55 + 9.99 kg) and 30 sedentary students (age: 20.31 + 4.83
years, height: 169.16 + 8.05 cm, weight 65.74 + 8.47 kg) from Uludag University in Bursa
(Table 1). Participants stated that not smoke or drink alcohol, while athletes declared and
confirmed that they had been actively engaged in sports for the past two years Our study
was produced from master thesis and approved by the Ethics Committee of Bursa Uludag
University with decision number 2019-2/14 dated 29.01.2019.

Table 1. General characteristics of participants

Variables Football (n=30) Track and Field (n=25)  Sedentary (n=30)
Age (year) 20.23+2.34 19.58 £2.24 20.31 +4.83
Height (cm) 172.73 + 8.89 176.62 +7.89 169.16 + 8.05
Weight (kg) 66.20 = 9.68 66.55 +9.99 65.74 + 8.47
MET 5019.83 + 4060.35 6897.86 + 3042.54 2732.70 +2433.05
BMI (kg/m?) 22.05+2.30 21.34+1.98 23.04 +2.47
Procedure

Participants performed The TMT A/B and IPAQ short form were applied at Uludag
University Faculty of Sports Sciences on the same day and time to the participants who were
divided into three groups such as footballers (open skill group), track and field athletes
(closed skill group) and sedentary (control group). Before the test day participants avoided
from severe physical activity for at least 24 hours and sleepless. Participants were also asked
to refrain caffeine, nicotine and alcohol for at least 12 h before testing. Participants performed
the TMT (A/B) and IPAQ in between 09.00-10.00 am. The temperature of the test room was
kept at 24 °C (degrees celcius) and lightened sufficiently. Each participant performed on
comfortable chair and a suitable table. Before applied the test, sample of the TMT A and B
was performed by researchers. Standard procedures were used for TMT; if a participant
made an error by reaching an incorrect target, it was immediately called to his/her attention
with instructions to proceed from the point where the mistake occurred. A second research
assistant who independently timed and/or tracked errors observed the evaluation;
participants were not aware that they were being observed. The duration of the participants
during the application was measured with an electronic hand stopwatch (Casio Hs-70w-
1DF-Japan) with a precision of 0.01 seconds. After TMT was completed, all participants were
administered the IPAQ brief form to determine the physical activity level of the volunteers at
the same time.

The participants' body weights were measured with a digital scale with a sensitivity of
0.1 kg. Height lengths were measured with electronic height measuring equipment with
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sensitivity of 0.01 cm. Participants were asked to go barefoot to the measuring device. The
measurements were performed with the participants ' heads in an upright position, their
soles in a straight position on the scale, their knees stretched, their heels in contact with each
other, and the body in an upright position.

Trail Making Test A/B

Developed by Reitan (1958), it is a test that can be applied on paper. It consists of two
forms A and B. Section A contains numbers scattered on paper from 1 to 25. Form a assesses
attention, visual scanning, motor speed and coordination. In Form B, there are numbers 1
through 13 on the paper and letters A through L. Participants are asked to combine numbers
and letters on paper in the form of 1-a,2-B,3-C respectively. Form B also assesses cognitive
flexibility and functioning memory in addition to form A.

IPAQ

The survey consists of 7 questions and 4 separate sections and consists of sections bar
FA-related questions that have been conducted at least 10 minutes in the last 7 days. It is
stated that it is appropriate to apply to adults in the 18-69 age range. 7 days in the survey
with how many days and how long for each day;

A) heavy physical activities (HVA),
B) medium intensity physical activities (MIPA),
C) walking is determined (Y).

The last question is, on a daily basis, still (sitting, lying, etc.) time spent is determined.
Statistical Analysis

The statistical package program “SPSS22.0” was used to analyze the data. In the
analysis of categorical data, statistical difference between independent groups was
examined; Independent t test, one-way variance analysis, correlation between continuous
variables, Pearson correlation analysis.

RESULTS

TMT A form completion time was 24.08 + 9.15 SEC in football players, 23.97 + 10.96
seconds in track and field athletes and 23.13 + 7.52 seconds in sedanters and there was no
statistically significant difference between groups (p>0.05). When completion times of TMT B
form were examined, the difference was 69.84+35.55 seconds in footballers, 57.08+22.58
seconds in track and field athletes and 49.95+27.78 seconds in sedanters and statistically
significant difference was found between groups (p<0.05). There was a statistically
significant difference between football and sedentary groups in TMT B form completion time
(p<0.05). However, there was no statistically significant difference compared to other groups
(p>0.05), (Table 2).
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Table 2. Participants TMT A and B Form Durations

Variable Group N X SD F p
Football 30 24,08 9,15
A Duration Track and Field 25 23,97 10,96 ,096 0,91
Sedentary 30 23,13 7,52
Football 30 69,84 35,55
B Duration Track and Field 25 57,08 22,58 3,625 0,03
Sedentary 30 49,95 27,78

There was no statistically significant difference between footballers and track and field
athletes (p>0.05), (Table 2).

Table 3. Participants' MET levels

Variables Groups A.D. S.E. P
Track and
Football Field -1878,03 844,49 0,09
Track and
MET Football Field 2287,12" 830,52 0,02
Track and
Football Field 4165,15" 837,76 0,00

AD: Average Difference SE: Standart Error

There was no statistically significant difference between the MET values of football and
track and field athlete groups (p>0.05). However, statistically significant difference was
found between football and sedentary and athletics and sedentary groups (p<0.05), (Table 3).

Table 4. Relationship between MET levels and TMT performances of participants

Variables T™T N R P
A Duration -0,036 0,74
MET 85
B Duration 0,166 0,12

There was no statistically significant correlation between the participants' MET levels
and TMT Division A completion time and Division B completion time (p>0.05), (Table 4).

DISCUSSION

In this study, the TMT performance of open skill (football) and closed skill (track and
field athletes) was compared. Open skill sport which involves suddenly and frequently
changing external factors that are difficult to foresee is expected to be more effect cognitive
functions than closed skill sport which involves predictable situations and enviromental
factors. Many studies revealed that the performance of open skill athletes in executive
function is better than that closed skill athletes. Krenn et.al (2018) found that open skill
athletes' reaction time and working memory performances were better than closed skill
athletes’. Wang et.al (2013) found that tennis players who are open skill athletes have better
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reaction time performance compared to swimmers and sedanters. Jacobson and Matthaeus
(2014) examined the impact of different sports branches on executive function performance
by 54 participants and found that open skill athletes were more successful in problem
solving skills compared to closed skill athletes. Chen et.al (2019) used fMRI to monitor brain
activities of prefrontal lobe executive functions of middle-aged people. Sample divided three
groups as open skill exercise, closed skill exercise and irregular exercise. After 3 month, they
showed that open skill exercise group had higher neural activation in inferior frontal gyrus,
talamus and hippocampus during working memory task compared to closed skill group.

It is well documented that open skill athletes good at decision-making under time
pressure, to quickly locate opponents or teammates and objects around them, and to use
their bodies to manipulate the movements of opponents and objects. But controversially the
published literature, Ting-Yu et.al (2017) showed that both open and closed skill athletes.
were better at visual spatial intelligence, attention, reaction time and memory skills than
sedentary-while no significant differences were found between skill types.

In conclusion, this study presented similar results with Ting-Yu et al. there was no
statistically significant difference between open skill players and closed skill athletes in terms
of motor processing speed, visual scanning, attention, number sorting (Form A) and set
changing ability, cognitive flexibility, functioning memory (Form B) based on visual
scanning ability. The fact that athletes are closer to the elite level than footballers may have
affected these results. In addition, football is generally preferred by lower socio-cultural
communities. Insufficient alphabet knowledge and reading habits of football players who
came from these communities can be caused in these results.

Experimental qualitative studies on large and homogeneous sample in term of athlete’s
level and training age can clearly expose open or closed skill sport’s effects on cognitive
abilities. Also the addition of more cognitive predictor tests in future studies will be
important to assess the complex structure of cognitive processes. Cognitive function tests can
be specified for the open or closed skill branches to well identify what is the cognitive
requirements of sport branches are.
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