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Preface 

 
The Performance in Sport and Exercise aims to provide its readers with the highest quality 

and effective articles through a careful peer review and editorial work process. The articles 

to be published include both detailed scientific methods and guided results for sports 

professionals, providing the opportunity for immediate application in the field. In this 

sense, it will contribute to the field of sports sciences by fulfilling the requirements and 

observing ethical principles. 

 

The Performance in Sport and Exercise is the official journal of Ankara University 

Performance Analysis in Sports Application and Research Center (ASPAM). The 

ASPAM is a center established to combine theoretical knowledge and experience in all 

sports-related subjects and to contribute to the field of sports sciences. 

 

The Performance in Sport and Exercise is published biannually (June and December) in 

English. The Journal publishes scientific papers in the scope of sport, exercise, physical 

activity, exercise and health, sports medicine, biomechanics, sport and exercise 

physiology, sport and exercise psychology, performance in sport, training, and technology 

in sport. As the editorial board, we sincerely wish the first issue of our journal to be 

beneficial to the sports science community. 

  



 
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Table of Contents 

The Effect of 6-Week Basic Gymnastics Training on the Flexibility Parameters of Preschool 
Children 

Müge ÜNAL, Erdem ÇAKAN 1-10 

The Effects of Neuromuscular Fatigue on Functional Movement and Balance Performance in 

Youth Football Players 

Sally Salam Abbas ALI, Özkan GÜLER, Aysberg Şamil ÖNLÜ 11-17 

Shot Selection Trends in Euroleague Basketball from 2013 to 2023 

Tugay DURMUŞ, Övünç ERDEVECİLER 18-24 

Acute Effect of Breathing Exercises on HRV (Heart Rate Variability) in Kick Boxers 

Benhur ÜNLÜGÜZEL, Hamza Kaya BEŞLER, Başak TEZEL 25-31 



Performance Analysis in Sports and Exercise 2(2), 2023, 1-10 

 

1 

 

 

 

 

Performance Analysis in Sport and Exercise 

 

 
Ankara University Performance Analysis in Sports 

Application and Research Center 

                                Available online 31 December 2023 

 

The Effect of 6-Week Basic Gymnastics Training on the Flexibility 

Parameters of Preschool Children 

Müge Ünal 1*, Erdem Çakan 1 
1 Institute of Health Sciences, Ankara University, Ankara, Turkey 

 

Abstract  

The aim of this study is to examine the effects of a six-week basic gymnastics training program on the parameter 

of flexibility in preschool children aged 6, as determined by conducted tests. The developmental changes in 

flexibility parameters, which are components of physical fitness in children due to early basic gymnastics training, 

were investigated. This research was conducted with a total of 21 participants. Measurements were determined as 

initial measurement - final measurement to understand the participants' status before the education. Measurements 

after six weeks of basic gymnastics training, conducted twice a week for one hour, were compared with the initial 

measurements. As a result of the examination, it was seen that gymnastics training contributed positively to the 

parameters of flexibility, balance, and strength. 

Key Words: Flexibility, preschool, basic gymnastic training 

 
INTRODUCTION 

Gymnastics 

Gymnastics is one of the special sports branches that want high levels of mixed movements, 

advanced performance where multiple motor skills are used at the same time. One of the 

subjects that makes gymnastics special is that it is a sport that constantly renews itself in terms 

of movements even though there are countless movements. It contributes to the development 

of various motor skills such as knowing how to use the body, maintaining balance in body 

positions, and improving strength and flexibility (27). 

 

In itself, it is divided into artistic gymnastics, rhythmic gymnastics, trampoline gymnastics, 

aerobic gymnastics, general gymnastics, step, step-aerobics and pilates (27). 
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Gymnastics is a sport that dates to the ancient Greek civilization. At that time, a special physical 

education such as Gymnastics belonged only to the “noble class” children. It was later adopted 

in Roman civilization. Subsequently, after the Renaissance and Reform periods, it was put as a 

course in schools in various European countries. Gymnastics, which was not truly seen as an 

educational tool from around 1450 to 1800, began to gain popularity in the mid-19th century. 

In 1811, the first open-air gymnastics area was opened in the meadow called Hasenherde in 

Berlin, laying the foundation of German folk gymnastics. German Friedrich Ludwing Jahn is 

considered the person who shaped the artistic gymnastics used today (1). 

Preschool Period and Developmental Characteristics in Children 

It is known that the education implemented in the pre-school period has a great impact on 

determining the future lives of children. Environmental and hereditary interactions are 

determining factors for development (16). 

Development and developmental characteristics are directly related to the environment and 

heredity, as well as the evaluation of developmental stages over time. Important time periods 

in terms of development are called "critical periods". If the organism has the necessary genetic 

potential during critical periods, it is possible to develop at the highest level in terms of some 

behaviors or some organs and their functions when it encounters sufficient stimuli. A child's 

development follows a certain path, but each child progresses along this path in a peculiar way. 

Although every normal child is ahead of others in some aspects and behind in others, the timely 

and inevitable sequence of developments in every period of childhood is a definitive sign of 

normality (16).  

In a child who is six years old, the movements of the trunk, arms and legs are in harmony. In 

the gymnastics branch, these ages have an important place in terms of specialization (6). 

Gymnastics Practices in Preschool Period 

Gymnastics activities to be carried out in the preschool period should be chosen primarily in 

accordance with the development level of the child. It is appropriate to start at the game level 

and then move on to regular actions. Movements should be arranged from simple to difficult. 

Starting with a movement that children are accustomed to and enjoy increases their interest. 

Movements that require strength, challenging and a high degree of coordination movements 

should not be included in the program. Movements that require attention and have complex 
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rules should be avoided (17). 

The Effect of Gymnastics Branch on Motor Development in Children 

Motor development includes movement skills, especially under the influence of physical and 

biological changes, as well as interacting with all other areas of development (21). Gymnastics 

helps children to develop cognitive and social skills, relax emotionally, develop self-

development, develop a sense of independence, entertain themselves (17). The most important 

benefits of gymnastics sport are its contribution to children's physical and motor development. 

Activities such as running, jumping and hopping during warm-ups, climbing on the gymnastics 

equipment during exercises, running on it, jumping, moving using one's own body, and getting 

off the equipment, all movements that constitute gymnastics, contribute to the child's 

cardiorespiratory system and muscle strength and endurance. During all these movements, 

different muscle groups in the body work and thus ensure their development. Gymnastics 

contributes to the development of the body's flexibility with bridges made using body parts, 

leaps made by opening the legs, stretching and stretching movements to cool the body at the 

end of the workout. 

While gymnastics helps children develop skills from simple to more complex skills, it also 

supports their motor development (9). 

Flexibility 

The term flexibility in English-based literature has been adapted as (flexibility) in our sports 

literature. Flexibility, physical harmony is defined as a component of the ability to function 

within the framework of the normal opening of the joints. In other words, it can be said that it 

is the angle at which the joint moves freely within the normal width of movement (19). 

Flexibility measurement can be easily performed with tools such as goniometer, flexiometer, 

tape measure, anthropometer, measuring sticks and caliper. Electrogoniometers, 

autogoniometers are also used. The most widely used flexibility test in mass measurements, 

health-related physical fitness test batteries and as a rough indicator of flexibility is the sit-

access test (12). 
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METHODS 

Research model 

The study was designed with a single-group pretest-posttest design. Since the subjects were 

underage before starting the study, approval was obtained from the subjects' parents. The 

subjects participated in the measurement before the study in a random order. Measurements 

were taken at 17.00 before training in the Sınav College Gymnastics Hall; It was taken with v-

sit test, reach-out test and split test. The study was applied for 6 weeks. The working order is 

mainly designed for flexibility, balance and strength. Working 2 days a week, 1 hour; 5 min 

warm-up, 20 min gymnastics-specific line work, 15 min gymnastics-specific work, 15 min 

specially prepared training for one of the flexibility-strength-balance parameters and the last 5 

min cooling-down training program was applied. At the end of 6 weeks, the students were 

subjected to the v-sit test, reach-out test and split test for the second time, and the measurements 

were again taken in the Sınav College Gymnastics Hall. 

Table 1. Weekly Exercise Schedule 

 

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6  

5-minute 

Warm Up 

Exercise 

5-minute 

Warm Up 

Exercise 

5-minute 

Warm Up 

Exercise 

5-minute 

Warm Up 

Exercise 

5-minute 

Warm Up 

Exercise 

5-minute 

Warm Up 

Exercise 

20-minute 

Gymnastics- 

Specific Line 

Exercise 

20-minute 

Gymnastics- 

Specific Line 

Exercise 

20-minute 

Gymnastics- 

Specific Line 

Exercise 

20-minute 

Gymnastics- 

Specific Line 

Exercise 

20-minute 

Gymnastics- 

Specific Line 

Exercise 

20-minute 

Gymnastics- 

Specific Line 

Exercise 

15-minute 

Gymnastics- 

Specific 

Exercise 

15-minute 

Gymnastics- 

Specific 

Exercise 

15-minute 

Gymnastics- 

Specific 

Exercise 

15-minute 

Gymnastics- 

Specific 

Exercise 

15-minute 

Gymnastics- 

Specific 

Exercise 

15-minute 

Gymnastics- 

Specific 

Exercise 

15-minute 

Flexibility 

Exercise 

15-minute 

Flexibility 

Exercise 

15-minute 

Flexibility 

Exercise 

15-minute 

Flexibility 

Exercise 

15-minute 

Flexibility 

Exercise 

15-minute 

Flexibility 

Exercise 

5-minute 

Cool Down 

5-minute 

Cool Down 

5-minute 

Cool Down 

5-minute 

Cool Down 

5-minute 

Cool Down 

5-minute 

Cool Down 
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Research Group 

A total of 21 volunteer pre-school children, 11 girls and 10 boys, who had just started 

gymnastics, participated in the research. Approval was obtained from the parents of the 

participants whose age was determined as 6 years old, height (114,00 ± 9,10 cm), body weight 

(20,11 ± 3,39 kg), body mass index (15,25 ± 1,26 kg/m2). The limitations of the study were 

that the children did not engage in any other sports in their daily routine before the 

measurements, that they fully participated in the organized program, and that they had 

experienced a serious injury and/or illness in the last month. 

Data Collection Tools 

Anthropometric measurements: Participants' body compositions were determined using the 

Avis 333 Plus analyzer (Korea) while individuals were in a standing position, wearing only 

gymnastics leotards. Heights were measured using the Holtain stadiometer with a 1 mm interval 

(Holtain, U.K.). To avoid affecting reliability, measurements were taken without shoes, and 

participants wore only leotards. Height, body weight, and body mass index parameters were 

recorded. 

Sit-and-Reach Flexibility Test: This test is used to measure the flexibility of the lower 

extremities, lumbar region, and hamstring muscle groups. The participant was instructed to sit 

on the reach box with bare feet, fully supported on the ground. During the measurement, legs 

and arms were kept straight, palms facing down on the reach box, and participants were asked 

to slowly reach forward until they could stretch their bodies to the furthest point. They were 

then held at the stretched position for at least 2 seconds. The measurement was performed twice, 

and the highest value was recorded. The Baseline Sit and Reach flexibility measuring box (New 

York, USA) was used for flexibility. 

V-Sit and Reach Test: No material was used for the V-sit and reach test. This test, which has 

high reliability coefficients, was employed to measure flexibility. The participant's heels were 

considered the zero point, marked on the ground. Participants were instructed to sit on the floor 

with legs stretched and feet toes up, heels in contact with the ground, and 30 cm between the 

two feet. The point where the heels touched the ground marked the zero point, and a straight 

line was drawn over two points from this point. Participants were then asked to stretch their 

upper bodies forward without bending their knees. The reached point was measured with a ruler 
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and recorded. 

Splits Test: The splits flexibility test is performed to determine the flexibility of athletes' lower 

extremities. In sports where lower extremity flexibility is crucial, such as gymnastics and 

taekwondo, this test is easily applicable. Participants were asked to perform the splits position 

with the body upright, facing forward, knees in extension, and legs spread as far apart as 

possible. The distance between the pubic point of the participant and the floor was measured 

with a ruler, and the result was recorded in centimeters. 

Data Analysis 

To determine whether there is a significant difference in the data obtained from the 

measurements, paired-sample t-tests were conducted on pre- and post-test values. IBM SPSS 

Statistics 25 (IBM, Armonk, NY) was utilized for all statistical analyses. The significance level 

was set at 0.05. 

FINDINGS 

This section contains the statistical comparisons of the data obtained regarding the changes in 

flexibility parameters between the initial and final measurements after a 6-week gymnastics 

training. 

Table 2. Tests Measurements Results 

Tests Pre-test Post-test t p 

Reach-Out 22.47 ± 2.83 23.30 ± 3.26 -1.87 .076 

V- Sit 8.09 ± 3.03 8.92 ± 3.48 -5.22 .000 

Split 14.23 ± 4.13 12.95 ± 4.44 5.92 .000 

As a result of the conducted study, improvement was observed in the v-sit test and split test 

with a significance level of 0,000, indicating a significant difference. However, in the sit-and-

reach test, where a p-value of 0,076 was obtained, no significant difference was found, 

suggesting insufficient improvement based on the measurements. 
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DISCUSSION 

The aim of this research was to examine whether fundamental gymnastics training positively 

affects flexibility parameters in preschool children by comparing measurements of flexibility 

parameters before and after a 6-week gymnastics training program. Different muscle groups of 

the body work during movements, leading to variations in their developments. Body parts, for 

example, contribute to the development of body flexibility through stretching and lengthening 

movements performed to cool down the body after exercises such as jumps made from the legs 

(11). It is understood from the measurements in the v-sit and split tests that lower extremity 

exercises were more efficient. No improvement was observed in the sit-and-reach test due to 

the slower progress of upper extremity exercises. In another gymnastics study, the Sit-and-

Reach Test showed improvement in the measurements, with an initial test of 8,62±4,52 and a 

final test of 11,85±4,77 (15). Similarly, the Split Test showed improvement with an initial test 

of 9,38±4,90 and a final test of 4,83±3,78 (15). 

In a study by Kalyoncuoğlu and Şentürk (2016), an 8-week gymnastics program resulted in 

significant differences, with the Sit-and-Reach pre-test being 8,62±4,52 and the post-test being 

11,85±4,77, the Split pre-test being 9,38±4,90 and the post-test being 4,83±3,78, the Bridge 

pre-test being 49,40±17,43 and the post-test being 43,72±15,65, the Flamingo Balance pre-test 

being 15,29±6,43 and the post-test being 21,25±9,22, and the Coordination pre-test being 

16,20±2,68 and the post-test being 12,55±2,64. 

In a study by Yavuz N. & Özyürek A. (2018), they implemented an exercise program for 14 

weeks, twice a week, for a group of 4-6-year-old children. After the exercise program, the Sit-

and-Reach test scores for the exercise group increased from an average of 21,40 cm to 23,05 

cm. 

Koyuncuoğlu and Şentürk (2015) found significant differences in the measurements of 

preschool children after a 10-week basic gymnastics training program. The pre-test and post-

test measurements for the Sit-and-Reach test were 8,62±4,52 and 11,85±4,77, respectively, and 

for the Split test, they were 9,38±4,90 and 4,83±3,78, respectively. 

Addressing the importance of gymnastics in child development, Tanasa et al. (2020) emphasize 

that most teachers agree on its significant role in promoting the healthy growth of children. The 

preschool period is recognized as a crucial time for making positive and lasting contributions 

to motor skills, guiding developmental stages that extend throughout life (17). Studies in motor 
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development highlight the influential role of environmental factors and activities on early brain 

development in children (2). Recent research underlines the pivotal impact of activities on 

children's development, reinforcing the importance of appropriate training programs during 

sensitive age periods (17). Gymnastics, known for its rich movement combinations, demands a 

high level of coordinative performance and flexibility from participants, making it particularly 

relevant in the preschool period for developing essential flexibility skills (9). 

Building upon the positive impact identified by previous research, a study conducted by 

Irfannuddin et al. (2018) revealed that individuals engaged in regular gymnastics exercises 

demonstrated superior flexibility, agility, reaction speed, and coordination abilities compared 

to a control group. These findings resonate with the conclusions drawn by Bressel et al. (2007), 

who emphasized the beneficial effects of gymnastics on the development of coordination, 

flexibility, and balance in children. Atilgan et al. (2012) further supported this perspective, 

asserting that gymnastics training not only stimulates balance development but also facilitates 

nearly perfect stability, even under extreme conditions. The results of our study align with these 

insights, providing additional substantiation to the existing body of research. This consistent 

evidence underscores the significant role of gymnastics in enhancing coordination, flexibility, 

and balance parameters in preschool children. 

Our study, along with similar studies, showed that the "Gymnastics Training Program" 

contributed to the development of flexibility parameters and led to significant changes in 

parameters such as balance and coordination. The implementation of the preschool 

"Gymnastics Training Program" is considered significant for flexibility, healthy motor 

development, and balance. 
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Abstract 

The aim of this study is to examine the effects of neuromuscular fatigue on functional movement analysis total 

score and balance ability. 28 professional football players participated in the study voluntarily. A 10-meter running 

and vertical jump test was used to assess neuromuscular fatigue in football players. Functional movement skills 

were made with the functional movement imaging method. Balance skill was measured with the modified Y 

balance test. Statistical analysis of the data obtained in the study was carried out with the t-test in paired samples. 

According to the t-test results in paired samples, the average functional movement total scores of the football 

players who participated in the study were 15.64 ± 2.34 while they were at rest, while the functional movement 

analysis total scores after fatigue were 13.78 ± 2.29. It was statistically determined that fatigue negatively affects 

functional movement and balance skills (p<0.001). Preventing or reducing fatigue in footballers affects functional 

movement and balance skills and increases the risk of injury. Therefore, delaying fatigue and accelerating recovery 

may be important to prevent injuries. 

 

Key Words: Balance, functional movement, football, fatigue 

 

 

INTRODUCTION 

Football is a popular game with more than 240 million licensed athletes in the world. Many 

high-intensity movements are repeated hundreds or even thousands of times in one football 

match. These movements are usually repeated at high intensities from the beginning until the 

end of the football match. Fatigue during the match disrupts the patterns of these movements 

and increases the risk of injury. Many non-impact injuries in football matches are caused by 

deterioration of movement patterns while performing a technique as a result of fatigue. 

Improper technique leads football players to perform the work by consuming more energy and 

creating more load on the muscles, tendons and ligaments which if this load is not familiar, may 
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cause risk of injury. 

Functional Movement Analysis is a movement scanning method used to monitor postural 

control, joint stability, and basic movement pattern quality in athletes (8,12). FMS is designed 

to evaluate a variety of skills that are necessary to participate in higher level functions. FMS 

requires the ability to move through three planes of movement (7). FMS is a movement 

scanning system that is based on seven different movement patterns and analyzes them 

according to predetermined scoring criteria (1). Functional movement analysis aims to evaluate 

postural control and obtain information about deficiencies or limitations that occur during the 

implementation of basic movement patterns. Functional movement analysis helps athletes 

evaluate various physical skills such as asymmetry between extremities, trunk stability, joint 

mobility, balance, neuromuscular control and coordination, strength and flexibility (9). It is 

stated that functional movement analysis is a movement screening test that can be used to 

determine and prevent injury risks not only in adult athletes but also in young and adolescent 

athletes. (9,15) 

Screening tests that might identify  modifiable intrinsic risk factors for musculoskeletal injury 

are appealing to applied practitioners working in sport and exercise medicine (13). In studies, 

the Functional Movement Analysis , which is a screening test, total score below 14 is considered 

as an injury risk (2,16). Functional Movement Analysis should be applied to athletes while they 

are at rest to acquaire a reliable results. As a result of the FMS applied in rest state, the test 

result may identify if there is no previous injury, lack of strength or imbalance in the movement 

patterns of the players (20). 

Injuries in football matches occurs due to various reasons; insufficient warm-up at the beginning 

of the first and second half or due to fatigue accumulated at the end of the first and second half 

football, tackling or injuries caused by player to player contact, surface related injuries (10,14). 

Considering the FMS is better when using this test while at rest, the focus on this examination 

will be on injuries due to fatigue. As a result of high-intensity activities during a football match, 

energy reserves are depleted and fatigue occurs. In addition, neuromuscular fatigue (18) occurs 

because high-intensity repetitive activities require high motor activity. Neuromuscular fatigue 

is a condition that occurs in the neural networks between the central nervous system and 

muscles (6). As a result of neuromuscular fatigue, there are deteriorations in the excitation and 

contraction rates of the muscles. Therefore it may cause decrease of voluntary muscle 

contractions and the amount of force produced. The decrease in the amount of force produced, 

slowing down of muscle contractions causes movement patterns to deteriorate and the risk of 
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injury in football players increases (19). 

Balance performance is important to maintain many athletic movements correctly. ). 

Neuromuscular fatigue also negatively affects static and dynamic balance (3).  Especially in 

football, static and dynamic balance must be maintained while displaying technical skills 

(passing, shooting, dribbling). Apart from this, in football competitions, football players need 

dynamic balance in many positions such as running, changing direction, acceleration and 

deceleration, jumping and falling. Loss of balance during these movements can cause falls and 

injuries. In a study conducted with female football players, it was stated that phyisological loads 

negatively affect balance performance and a period of at least 10 minutes is needed for regaining 

the ability of performing movements with balance as same as resting state. (11). In the same 

study, the effect of fatigue caused by the central nervous system on balance performance and 

the effect of peripheral fatigue on balance performance were compared. No statistical difference 

was detected between central nervous system fatigue and peripheral fatigue. 

METHODS 

A total of 20 football players playing in Kocaelispor U21 football team participated in this 

study. Functional movement analysis scores and balance skills of the football players were 

measured while they were at rest. Then, the neuromuscular fatigue protocol was applied and 

the FMS and Balance tests of the football players were repeated. 

Functional Movement Analysis (FMS) 

FMS test is a test that can be performed to evaluate functional movement. This test consists of 

seven movement patterns. The movements in this test are deep squatting, high stepping, single-

line lunge, shoulder mobility, active straight leg lifting, trunk stability push-ups, rotation 

stability, respectively. The score of the FMS test is the total score obtained from the scores of 

the movements. Each move is scored between 0-3 points. Each individual participating in the 

evaluation can receive a score between 0-21. In calculating the total score, the lower score from 

the bilateral subtests is taken. Among the subtests, there is a "clearing test" for shoulder 

mobility, trunk stability push-ups and rotation stability tests. 

Y- Balance Test 

This test is a modified version of the Star Excursion Balance Test. This test involves reaching 

in the anterior, posteromedial (PM), and posterolateral (PL) directions. In the test, the angle 
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between the anterior-posteromedial and anterior-posterolateral directions is 135˚, and the angle 

between the posteromedial-posterolateral directions is 90˚. Participants lay down in three 

directions without changing their positions, with both hands on their waist and the sole of one 

foot maintaining contact with the ground. The test was performed as right foot anterior, left foot 

anterior, right foot PM, left foot PM, right foot PL, left foot PL. Both sided lower extremities 

were tested. Before the test, participants were made to practice reaching in all directions to help 

them learn the test. In the test, 3 reaches were made in each of the 3 directions (anterior, PM, 

PL) and the average of the 3 reaches for each direction was taken. Values are recorded in cm. 

Reach distances were normalized as a percentage by dividing the average value by the length 

of the lower extremity and multiplying by 100 (5,17). 

Fatigue Protocol 

A vertical jump test will be performed to evaluate neuromuscular fatigue. Jumping height will 

be measured using the Fushion Sport splash mat. The best jump height will be recorded and 

used to detect neuromuscular fatigue. After the jump height is determined, the athlete will be 

asked to sprint 6 times in a row in a 10-meter area and the vertical jump test will be repeated 

immediately afterwards. This protocol will continue until a score 30% lower than the athlete's 

best vertical jump height is achieved. If the Vertical Jump height is below 30%, it will be 

considered that sufficient neuromuscular fatigue has occurred (21). 

FINDINGS 

Table 1. Descriptive statistics 

 Minimum Maximum Mean Standard 

Deviation 

Age 16 35 27 5.59 

Heigth 165 188 176.03 6.25 

Body Mass 65 80 71.07 4.01 

BMI 20.98 25.45 22.97 1.02 

Fat Ratio 6 14 9.32 2.46 

According to the t-test results in the paired samples, the average functional movement total 

scores of the football players participating in the study measured while at rest were 15.64±2.34, 

while the total scores of the functional movement analysis performed after fatigue were 

determined to be 13.78 ± 2.29. 
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According to the results of paired sample t test statistical analysis, a statistically significant 

difference was detected between the functional movement total score measured before fatigue 

and the functional movement analysis total scores measured after fatigue (p=0.001). 

Table 2. Comparison of FMS and Y Balance Test 

 Pre-Test Post-Test Mean Difference p 

FMS 15.64 ± 2.34 13.78 ± 2,09 1.64 ± 1.54 0.001 

Y Balance Test 95.11± 8.85 93.18 ± 7,06 2.11 ± 1.57 0.042 

According to the t-test results in the paired samples, the average Y balance test total scores of 

the football players participating in the study, measured at rest, were 95.11±8.85, while the Y 

Balance Test total scores after fatigue were determined to be 93.18±7.06. According to the 

results of the paired sample t test statistical analysis before fatigue, a statistically significant 

difference was detected between the Y balance test total score measured at rest and the Y 

balance test total scores measured after fatigue (p=0.001). 

DISCUSSION & CONCLUSION 

 

Football is one of the sports where sports injuries occur most frequently in the world. The 

frequency of injuries in football varies depending on the morphological and anthropometric 

characteristics of the athletes. Especially young football players can be injured much more 

frequently than mature football players (4,18). In addition, most of the injuries seen in young 

football players involve lower extremity injuries.  

It is thought that one of the main reasons for injuries in football players is fatigue. As a result 

of this study, it was determined that functional movement and balance tests performed after the 

fatigue test were worsened compared to the resting state. Impairment of functional movement 

and balance after fatigue is an important cause of disability. In a study conducted with female 

football players, it was stated that aerobic and anaerobic loads negatively affect balance 

performance and a period of at least 10 minutes is required for balance performance to return 

to resting level (11).
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Abstract  

This study provides an extensive assessment of the trends in offensive shot selection in Euroleague basketball 

during a ten-year period, spanning from the 2013-2014 to the 2022-2023 seasons. The following game-related 

statistics from 1899 games were examined in this study: two-point attempts (2PA), three-point attempts (3PA), 

and free-throw attempts (FTA). Mean statistics were employed, and the percentage of each shot selection was 

calculated to offer a understanding of evolving team strategies. The results show a constant and significant shift in 

the preferences for shot selection, with a noticeable decrease in two-point attempts and a concurrent increase in 

three-point attempts. Three-pointers made per game had a significant increase, going from 20.86 in the first season 

to 25.10 in the most recent. The observed trends suggest that Euroleague teams are progressively adapting to the 

success of three-point shooting in modern basketball. The implications extend beyond the court, influencing team 

efficiency, player development, and the overall landscape of global basketball. Future research may delve into 

defensive adaptations in response to increased three-point attempts and compare trends observed in the Euroleague 

with other prominent basketball leagues globally. 

Keywords: Basketball, game trends, shot selection 

INTRODUCTION 

Sports analytics and data-driven forecasting constitute a rapidly expanding field with versatile 

applications across various perspectives. This dynamic field is characterized by rapid growth 

and offers a range of methodologies to explore (3). Research in sports performance analysis 

aims to identify key performance indicators and effective offensive strategies for coaches. By 

accumulating data from a substantial number of games, teams can discern patterns in both 

offensive and defensive aspects. This data-driven approach enables teams to prepare for 

upcoming games by anticipating the expected offensive and defensive strategies of their 

opponents (11). Additionally, it aids in monitoring both teams and individual players, 

contributing to optimum performance and even injury prevention. 



Performance Analysis in Sports and Exercise 2(2), 2023, 18-24 

 

 

19 
 

Numerous approaches exist for monitoring and enhancing sports performance, with one 

prevalent method involving the use of game-related statistics to assess technical and tactical 

aspects. These statistics are invaluable for evaluating team efficiency over the course of a 

season. Certain research in basketball has employed game-related statistics as a means to 

quantify player performance. The outcomes resulting from such analyses enable the assessment 

and definition of performance results across various competition standards. Scoring in a 

basketball game is entirely achieved through shooting and successful shooting stands as the 

ultimate goal of offense in basketball (6). In the course of a basketball game, the selection of 

an appropriate offensive strategy holds paramount importance in determining a team's success. 

The success of elite basketball teams appears to hinge not solely on the quantity of scoring 

opportunities a team encounters, but rather on how effectively the team capitalizes on the 

existing scoring chances (7). Studies have proved that in basketball, the scoring both two- and 

three-point field goals significantly influences game outcomes and rankings (5). Another study 

disclosed that three-point performance and successful free throws played a decisive role in 

determining the outcomes of wins and losses in basketball games (1). 

One of the most noticeable trends in basketball in recent times is the emphasis on three-point 

shooting. Once considered a specialist's domain, the three-point shot has now become a 

foundation of offensive schemes (4). This trend has not only altered the way teams approach 

offensive play but has also redefined player roles and skill sets. While the three-point field goal 

may not be the sole determinant of a basketball game's winner, it undeniably exerts a significant 

impact on the overall results of basketball games (8). Studies demonstrated that there was a 

significant increase in the number of three-point attempts (3PA) over time, accompanied by a 

decrease in the number of two-point attempts (2PA) in the National Basketball Association 

(NBA) over the course of 40 seasons (14). The global shift in basketball trends exceeds specific 

leagues or regions, signifying a universal transformation in the way the sport is played and 

appreciated worldwide. During the 2001-2002 season, teams in the Euroleague attempted an 

average of 18,5 three-point shots per game. In contrast, this number increased to 24,8 by the 

conclusion of the 2020 season, proving a notable evolution in the strategic approach to three-

point shooting over the years (2). While the game trends in basketball widely suited in the last 

decade, there is still need for deeper analysis to understand the variety of changes occurred over 

the years. Therefore, the aim of this study is to conduct a comprehensive offensive shot 

selection analysis trough the game-related statistics within the Euroleague basketball 

competition across the last ten seasons. 
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METHODS 

Study Design 

This study analyzed the game-related statistics from ten (2013-2014 - 2022-2023) Euroleague 

regular seasons. Game-related statistics of 1899 games has been analyzed in this study. 

Parameters used to analyze shot selection in this study were: two-point attempts (2PA), three-

point attempts (3PA) and free-throw attempts (FTA). All statistics obtained from publicly 

accessible official website of Euroleague website (euroleaguebasketball.net/euroleague/stats). 

Statistical Analyses 

Mean statistics of each parameter has evaluated in order to compare the game-related statistics 

collected between ten seasons. Each number of shot selection is divided by the total number of 

shots taken in a game to calculate the percentage of a specific shot. All analyses were made in 

SPSS software (IBM SPSS Statistics for Windows, Ver. 22.0. Armonk, NY: IBM Corp.). 

FINDINGS 

This study is aimed to analyze the shot selections of teams within the Euroleague basketball 

competition throughout the last ten seasons. Table 1 presents the average number of shots taken 

in seasons. 

Table 1. Average number of field goals and free throw attempts for each season 

SEASON 2PA 3PA FTA 

2013-2014 39.68 20.86 16.58 

2014-2015 39.48 22.58 18.17 

2015-2016 38.40 22.39 17.69 

2016-2017 38.96 22.61 17.75 

2017-2018 38.55 22.82 18.93 

2018-2019 38.34 23.14 17.86 

2019-2020 36.97 24.76 17.70 

2020-2021 36.33 23.86 16.81 

2021-2022 36.38 24.17 15.82 

2022-2023 35.72 25.10 18.34 

2PA: two-point attempts; 3PA: three-point attempts; FTA: free-throw attempts 

As can be seen in Table 1, there is a general decreasing trend in 2PA over the seasons and it 

might indicate a shift in playing style or strategy. Overall shot distribution is changed 
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throughout the seasons, it may indicate a potential shift towards more emphasis on three-point 

shooting. 

Table 2. Distributions of field goals and free throw attempts for each season 

SEASON % of 2PA % of 3PA % of FTA 

2013-2014 51.00% 27.00% 22.00% 

2014-2015 49.21% 28.14% 22.64% 

2015-2016 48.93% 28.53% 22.54% 

2016-2017 49.12% 28.51% 22.37% 

2017-2018 48.00% 28.42% 23.58% 

2018-2019 48.32% 29.17% 22.51% 

2019-2020 46.54% 31.17% 22.29% 

2020-2021 47.18% 30.98% 21.84% 

2021-2022 47.64% 31.64% 20.72% 

2022-2023 45.12% 31.71% 23.17% 

2PA: two-point attempts; 3PA: three-point attempts; FTA: free-throw attempts 

It is possible to notice the changing offensive focus of teams in Table 2. There is a consistent 

decrease in the percentage of 2PA over the years. Teams has been shifting towards a greater 

reliance on three-pointers, as reflected in the increasing percentage of 3PA. 

 

Figure 1. Trends of field goals and free throw attempts over the years 
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DISCUSSION 

The primary objective of this research was to conduct a comprehensive offensive shot selection 

analysis within the Euroleague basketball competition over the last ten seasons. By leveraging 

game-related statistics, the study aimed to discern patterns and trends in offensive strategies, 

with a particular focus on the evolution of three-point shooting. Results showed consistent and 

notable decrease in two-point attempts (2PA) across the seasons, accompanied by a 

simultaneous increase in three-point attempts (3PA). This trend suggests a fundamental 

alteration in the shot selection preferences of teams. Notably, the average number of three-point 

attempts per game has seen a substantial rise from 20.86 during the 2013-2014 season to 25.10 

in the most recent 2022-2023 season. Similar results were found in earlier studies suggesting 

that the 3PA has increased over the years in Euroleague (2) and the NBA (10). 

he percentage of two-point attempts has experienced a gradual decline, starting from 51.00% 

in the 2013-2014 season and reaching 45.12% in the 2022-2023 season. Concurrently, the 

percentage of three-point attempts exhibits a steady increase, rising from 27% to 31.71% over 

the same period. This consistent shift towards a higher reliance on three-pointers underlines a 

strategic evolution in offensive play. According to another study, offensive factors play a 

pivotal role in determining success in the Euroleague between 2003-2016 were the number of 

midrange shots made and attempted (2PT-made, 2PT-attempts), the quantity of free throws 

made (1PT-made), the number of successful long-distance shots and attempted shots (3PT-

made, 3PT-attempts) (13). Research indicates that the playing style of the current pace-and-

space era differs significantly from that of the mid-2000s, playing a major role in the decline of 

the mid-range jump shots and long two-point attempts (10). Studies also compared NBA to 

Euroleague to gain insight about the changing dynamics of basketball. Results showed that the 

quantitative differences have decreased over time, but offensively, NBA exhibits more 

possessions, and free throws per foul committed (12). Another study compared the structural 

differences between NBA and Euroleague and conclude that the fundamental offensive 

structures, including transition, early offense, and set plays, differ between the two styles of 

play. European basketball emphasizes set plays and control, especially through the pick-and-

roll, while American basketball relies more on transition and early offense, emphasizing one-

on-one situations (9). 

The observed trends suggest that teams in the Euroleague have been progressively favoring a 

perimeter-oriented offensive strategy, possibly influenced by the success of three-point 
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shooting in contemporary basketball. This shift poses implications for team dynamics, player 

roles, and overall game outcomes. The strategic emphasis on three-point shooting warrants 

further exploration into its impact on team efficiency, player performance, and the evolving 

nature of basketball as a global sport. 

CONCLUSION 

The data consistently demonstrates a significant and overarching trend – a notable shift towards 

three-point shooting. Both the average number of three-point attempts and the percentage 

distribution of three-point attempts exhibit a steady increase across the seasons. This 

emphasizes a strategic preference for perimeter shooting, reflecting a departure from traditional 

two-point-centric playing styles. The shift towards a three-point-centric strategy not only 

influences offensive play but also redefines player roles and skill sets. Coaches may need to 

adapt their strategies to accommodate this evolving landscape, and players may find themselves 

increasingly valued for their three-point shooting proficiency. This study provides insights for 

coaches, teams, and analysts, prompting further exploration into the impact of this strategic 

shift on team performance, player development. Further research can investigate the defensive 

side of the game by analyzing how teams adjust their defensive strategies in response to the rise 

in three-point attempts. Additionally, there is still need for analysis to compare the trends 

observed in the Euroleague with other prominent basketball leagues globally. 
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Abstract 

The purpose of study is to measure the acute effect of 4x4 diaphragm breathing exercise on HRV of the kickboxers. 

For this purpose, two different measurements were carried out on 5 female and 5 male kickboxers, one without 

using a breathing technique and one using the 4x4 diaphragmatic breathing technique. The Inner Balance 

Heartmath biofeedback device was used to collect data. According to the research results, there is a statistically 

significant difference between the results of the pre-test and the post-test. 4x4 diaphragmatic breathing has a 

positive effect on the heart rate variable of kickboxers. 

 

Keyword: Kickboxing, coherence, HRV, breath 

 

INTRODUCTION 

The history of breathing, which begins with the birth of humanity, is a physiological process 

that not only transports oxygen to the cells, but also connects humans to life (Önal, 2023). From 

the past to the present, researchers have claimed that breathing exercises have positive effects 

on the human body. Many studies have shown that diaphragmatic breathing relaxes the body 

and mind (Farhi, 1996; Hamasaki, 2020). Diaphragmatic breathing consists of intensive 

breathing when the abdominal cavity grows. This situation reduces the frequency of breathing. 

Stress and anxiety situations can be controlled with breathing exercises based on this fact. In 

this way, it is possible to ensure that body and mind are coherent. It is claimed that breathing 

exercises, when performed correctly and effectively, reduce the person's burnout and also have 

a positive effect on the person's cognitive performance (Ma et. all., 2017).  
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HRV (Heart Rate Variability) is the change in time between successive heartbeats (Shaffer & 

Ginsberg, 2017). History of HRV dates back to the early twentieth century, also describes the 

heart's ability to respond to stimulating factors in the environment. In this respect, HRV; is an 

important phenomenon that is also used in sport. It shows the coherence of the athlete's and can 

influence the performance (Triposkiadis et. all., 2009; Ateş et. all., 2021; Alvurdu, 2023). 

 

Sport; It is a phenomenon that occurs when there is a high level of competition and stress 

(Şahinler & Ersoy, 2019). In order to be mentally strong during sport, mental preparation should 

be a high priority alongside physical exercise (Ekmekçi, 2020). 

Different sports may require different physical and mental abilities. Kickboxing, especially in 

the category of martial arts, is a branch in which the physical and mental performance is crucial. 

Kickboxing; in contrast to Thai boxing and Western boxing, it is a combat sport in which kicks 

and punches are used for defence or attacking (kickboks.gov.tr, 2021; Boz et. all., 2023). 

 

In kickboxing, athletes can compete in 3-4 fights per day in some competitions. In addition, the 

competitions generally consist of 3 rounds with 1 minute rest between rounds. Considering the 

physical and mental difficulties associated with kickboxing, it is important to control breathing 

and use correct and effective breathing techniques. For this reason, importance should rely on 

mental preparation techniques supported by breathing exercises to balance the autonomic 

nervous system and increase mental performance before, during and after the competition 

(Erbaş, 2022; Stepanyan & Lalayan, 2023). 

 

Considering the physical and mental activity involved in the kickboxing and also due to the 

effects of HRV on the athletes, the purpose of study is to measure the acute effect of 4x4 

diaphragm breathing exercise on HRV of the kickboxers. 

 

METHODS 

Research Design 

A quantitative research design was preferred in this study. The experimental method with 

pretest-posttest control group, one of the types of quantitative research, was used. 

 

Research Group 

The research group consists of a total of 10 athletes, 5 women and 5 men, who are actively 

licensed kickboxers in Denizli. 
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Data Collection Tool 

The Inner Balance Hearth Math device was used as a data collection tool in the study. This 

device connects to smart devices via Bluetooth and provides HRV measurements with instant 

real-time biofeedback via the application. 

 

 

Experiment Process 

During the experiment, the measurements were carried out in the psychophysiology laboratory 

of Pamukkale University, Faculty of Sports Sciences. The kickboxers were invited to the 

psychophysiology laboratory one by one after they had made an appointment. The 

measurements were based on the equality of all physical conditions. During the pre-test, 5-

minute measurement were taken while the athlete was at rest, the light was switched off, the 

eyes were closed and no breathing techniques were used. Subsequently, 5-minute measurement 

were performed with 4x4 diaphragmatic breathing under the same conditions. measurements 

are carried out on the same chair, in the same sitting position and under the same condition. 

 

Data Analysis  

The SPSS 24 program was used to analyse the data. As the number of participants in the 

normality distribution was less than 50, the Shapiro-Wilk test was considered. Whether there 
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was a difference between the results of the pre-test and the post-test was analysed using the 

paired samples t-test. 

 

FINDINGS 

Table 1.1. Research Group Demographic Information 

 

The research group consists of a total of 10 (N:10) kickboxers, 5 women and 5 men. Each 

athlete was given a nickname. While the average age of the athletes is 19 years, the average 

sports age is 3.9 years. 

 

Table 1.2. Paired Sample T-Test Results of Kickboxers According to Heart Rate Variabilty 

 

 

While the pre-test coherence levels of the athletes were x̄ = 1.4200, the post- test were x̄ = 

2.8300. According to the results of the study, there was a significant difference between the pre-

test and post-test. 
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DISCUSSION 

In this study, the pre-test results, the average coherence level of the athletes, have increased 

from x̄ = 1.4200 to x̄ = 2.8300 after the application of 4x4 diaphragmatic breathing. The results 

showed that there was a statistically significant difference between the two test results. In 

simpler terms, 4x4 diaphragmatic breathing has been found to have a positive effect on the 

autonomic nervous system of kickboxers. In kickboxing, athletes compete in more than one 

fight a day during a tournament and have a 1-minute break between rounds. Considering the 

physical and mental difficulties in kickboxing, it can be argued that breathing exercises will be 

beneficial for kickboxers in line with the results of the research. Some studies in the literature 

show that martial arts athletes use different techniques to maintain their motivation when their 

stress levels are high. In this process, competitive athletes, who are influenced by various 

internal and external factors, use different methods to motivate themselves (Boz et. all., 2023; 

Öztürk, 2023; Prabowo et. all., 2023; Karabulut et. all., 2013). Other studies carried out in this 

context show that various breathing techniques balance the autonomic nervous system (Beşler, 

2023; Yılmaz, 2023; Ekmekçi & Miçooğulları, 2019; Yılmaz, 2019). Considering the results of 

the studies the literature on sports, they support the results of this research. 

 

CONCLUSION 

Result have shown that 4x4 diaphragmatic breathing exercise brought the kickboxers' 

autonomic nervous systems into balance, in other words, their coherence levels increased. 

Research in the literature supports these results. These results can be interpreted as an effective 

technique that can be used by kickboxers, considering the physical and mental difficulties of 

kickboxing. 
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