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ABSTRACT

DETERMINANTS OF PERFORMANCE IN YOUNG TENNIS PLAYERS: A
MULTIDIMENSIONAL APPROACH

DURMUS, Durukan
Ph.D., The Department of Physical Education and Sports
Supervisor: Assoc. Prof. Dr. Mustafa SOGUT

July 2025, 137 pages

This study examined the associations between rankings and physical, functional,
psychological, and experiential characteristics in a sample comprising top 8 junior
tennis players from U12, U14, U16 age categories. Forty-six players were included
in both genders, with 8 participants per group, except for Ul4 boys. Data were
collected on training age, racquet weight, string tension, weekly training volume, and
age at tournament start. Tournament participation and match statistics were gathered
from national and international websites. Players underwent assessments for
anthropometry (height, weight, body fat percentage), physical fitness (grip strength,
flexibility, countermovement jump, medicine ball throw, sprints for 5, 10, and 20 m,
shuttle run), serve speed, reaction time, mental toughness, and motor coordination.
Age at peak height velocity and growth status were calculated, and national team
coaches completed a questionnaire on performance parameters. Significant
correlations (p<0.05) were found between rankings and age at tournament start (U12
boys), body fat percentage (U12 girls; U14 boys), BMI (U12 girls), grip strength
(U12 girls), flexibility (U12 girls), medicine ball throw (U16 boys), motor
coordination (U12 girls), string tension (U12 girls), number of international
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tournaments (U12 girls), number of national and international singles and doubles
matches (U14 boys; U16 boys), total tournaments and matches (U14 boys; U16
girls). Additionally, 41.4% of participants performed above the normal level in the
motor coordination. Coaches emphasized motor coordination for U12 players and
U14 girls, whereas mental toughness is emphasized for U14 boys and U16 players.
The results may provide insight into the talent identification and development of

young tennis players.

Keywords: tennis, talent identification, talent development, top-ranked junior
players



0z

GENC TENiS OYUNCULARINDA PERFORMANS BELIRLEYICILERI: COK
BOYUTLU BIR YAKLASIM

DURMUS, Durukan
Doktora, Beden Egitimi ve Spor Boliimii

Tez Yoneticisi: Dog. Dr. Mustafa SOGUT

Temmuz 2025, 137 sayfa

Bu ¢alisma, U2, Ul4, U16 yas kategorilerinden en iyi 8 geng tenis oyuncusundan
olusan bir oOrneklemde ulusal siralama ile fiziksel, fonksiyonel, psikolojik ve
deneyimsel 6zellikler arasindaki iligkileri incelemistir. Her kategoriden erkek ve kiz
8 oyuncu (Ul4 erkekler hari¢) olmak iizere toplam 46 oyuncu calismaya dahil
edilmistir. Antrenman yasi, raket agirligi, tel gerginligi, haftalik antrenman hacmi ve
turnuvaya baslama yasi ile ilgili veriler toplanmistir. Turnuva katihm ve mag
istatistikleri ulusal ve uluslararasi resmi internet sitelerinden toplanmistir. Oyuncular
antropometri (boy uzunlugu, viicut agirhgi, viicut yag yiizdesi), fiziksel uygunluk
(kavrama kuvveti, esneklik, dikey sicrama, saglik topu firlatma, 5, 10 ve 20 m siirat,
mekik kosusu), servis hizi, reaksiyon siiresi, zihinsel dayamiklilik ve motor
koordinasyon &lgtimlerine katilmislardir. Zirve boy hizindaki yas ve biiyiime durumu
hesaplanmis ve milli takim antrendrlerinin performans parametrelerine bakis acgilari
hakkinda bir anket uygulanmistir. Siralamalar ile turnuvaya baslama yast (U12
erkekler), viicut yag yiizdesi (U12 kizlar; U14 erkekler), beden kitle indeksi (U12
kizlar), kavrama giicti (U12 kizlar), esneklik (U12 kizlar), saglik topu firlatma (U16
erkekler), motor koordinasyon (U12 kizlar), tel gerginligi (U12 kizlar), uluslararasi
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turnuva sayist (U12 kizlar), ulusal ve uluslararasi tekler ve ciftler mag sayis1 (U14
erkekler; Ul6 erkekler), toplam turnuva ve mag sayist (U14 erkekler; Ul6 kizlar)
parametreleri arasinda anlamli (p<0. 05) iliskiler bulunmustur. Ayrica, katilimcilarin
%41,4'i normal seviyenin tizerinde motor koordinasyon performans gostermistir.
Antrendrler U12 oyunculari ve Ul4 kiz oyuncular igin motor koordinasyonun
onemini vurgularken, U14 erkek ve U16 oyuncular igin zihinsel dayanikliligin
onemini belirtmislerdir. Elde edilen sonuglar, gen¢ tenis oyuncularinin yetenek

tespiti ve gelisimine 151k tutabilir.

Anahtar Kelimeler: tenis, yetenek se¢imi, yetenek gelisimi, tist seviye geng

oyuncular
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CHAPTER 1

INTRODUCTION

Tennis is a globally played and highly competitive sport, with over 106 million
participants across 199 countries (International Tennis Federation, 2024). From the
iconic grass courts of Wimbledon to the hard courts of the US Open, tennis has
solidified its place on the international stage, appealing to athletes of all ages and
skill levels. The sport's widespread popularity derives from its combination of
physical intensity and strategic thinking, offering it accessible to both professional
and recreational players. Consistent participation in tennis is associated with
numerous health advantages, such as improved aerobic fitness, reduced body fat
percentage, healthier lipid profiles, enhanced bone density, and a diminished risk of
cardiovascular disease and mortality (Chomistek et al., 2012; Pluim et al., 2007).
Tennis demands considerable agility, endurance, and muscular strength, which
collectively improve athletic performance and reduce the risk of injury (Fernandez-
Fernandez et al., 2009). The physiological advantages, along with the cognitive and
emotional demands of the sport, contribute to its enduring global popularity and

positive impact on overall well-being.

Historically, talent identification has focused mainly on assessing physical attributes,
including strength, speed, and coordination. Johnston et al. (2018) performed a
systematic review demonstrating that the majority of talent identification research
has concentrated on the physical characteristics of athletes. Many other studies
evaluate young athletes using quantifiable physical parameters, and overlook other
critical factors (Jung, 2022). Johnston et al. (2018) noted a lack of research
investigating cognitive, perceptual, and psychological factors in talent identification
methodologies. There is increasing recognition of the limitations of traditional methods,

resulting in a shift towards a more comprehensive, multidimensional approach.
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Till and Baker (2020) underscored the importance of incorporating varied factors
beyond physical attributes to enhance talent identification and development systems.
This new paradigm incorporates physical attributes alongside psychological,
emotional, and developmental elements, offering a more comprehensive perspective
on a player's potential. A comprehensive review by Hamidi and Wazir (2022)
emphasized the significance of incorporating psychological characteristics, including
personality traits and emotional intelligence, in conjunction with physical fitness in

talent identification systems.

Nijenhuis et al. (2024) emphasized the advantages of employing multidimensional
and longitudinal approaches in talent identification in racket sports, indicating that
these methods provide a more comprehensive understanding of athlete development.
Highlighting multidimensional development is crucial for cultivating well-rounded
athletes capable of succeeding in the intricate and challenging landscape of
competitive tennis. This method promotes simultaneous progress in all aspects of an
athlete's development, encompassing physical fitness, mental resilience, technical
skills, and experiential learning, thus enhancing sustained performance and career

longevity.

In tennis, performance is multifaceted, as demonstrated by the interplay of
anthropometric, physiological, technical, tactical, and psychological attributes that
collectively impact future performance (Elferink-Gemser et al., 2011; Kovacs, 2007).
Tennis is a physically demanding sport that requires players to develop endurance,
agility, strength, coordination, and flexibility to compete effectively (Girard &
Millet, 2009). Unlike many other sports, where physical attributes may be
emphasized selectively, tennis demands high performance across multiple
physiological components, including speed, strength, and endurance (Kovacs, 2007).
Anthropometric factors such as height and weight also influence performance
(Sanchez-Muiioz, Sanz, & Zabala, 2007), but growth and maturation introduce
additional complexity. Research on young tennis players highlights significant
variability in biological maturity within the same chronological age groups,
impacting physical and functional performance. Myburgh et al. (2016) found that

elite British junior players exhibited gender-specific maturation trends, with girls
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advancing in skeletal age from age 8, while boys showed delayed maturation until 12
but advanced skeletal age from 14 to 16. Similarly, S6giit et al. (2019) and Sogiit et
al. (2023) reported that girls were more advanced in maturation than boys, and in
Ul2 and U14 players, greater maturity was associated with higher rankings,
particularly in girls. Maturation influences motor performance, as demonstrated by
Myburgh et al. (2020), who found that early-maturing tennis players had inferior
sprint acceleration when assessed according to biological age. These findings
underscore the importance of considering individual growth trajectories in talent
identification, training design, and competition structures to provide fair and
effective developmental pathways for young athletes (Bergeron et al., 2015).

A crucial element of tennis performance is motor proficiency. The ability of athletes
to analyze complex visual information is essential for forecasting future events and is
considered a core competency associated with motor performance (Lebeau et al.,
2016). Newell's constraints-led approach asserts that motor performance is shaped by
the interactions among the task, the environment, and the individual (Newell, 1986).
This methodology is elaborated in the model for talent identification and
development in sports (Elferink-Gemser, Visscher, Lemmink, & Mulder, 2007). This
model demonstrates that multiple performance factors influence athletic

performance.

Technical and tactical skills are more specialized for specific sports (Fernandez-
Fernandez et al., 2011). In tennis, these factors encompass the ability to recognize
on-court tactical situations, make appropriate decisions, and handle the ball and
racket (MacCurdy, 2006). Serves and groundstrokes are the primary determinants by
which technical abilities in tennis are demonstrated. Ball velocity and the percentage
of correct first serves are two critical variables of a serve (Knudson, Noffal,
Bahamonde, Bauer, & Blackwell, 2004). Tactical skills refer to the understanding of
in-game adaptations and decision-making processes on the court (Elferink-Gemser,
Kannekens, Lyons, Tromp, & Visscher, 2010). Technical proficiency is equally
critical, as players must master a diverse set of skills such as serving, volleying, and
groundstrokes, while also adapting these techniques to varying conditions like court

surfaces and opponent styles. Reid et al. (2016) discussed the significance of
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technical and tactical skills in relation to performance levels in tennis, emphasizing

the need for adaptability in various match situations.

Additionally, psychological factors such as mental toughness, focus, and emotional
regulation under pressure play a crucial role in determining success on the court.
Athletes frequently have to perform well under highly demanding physical (e.g.,
fatigue) and mental (e.g., crowd pressure) conditions (Gucciardi et al., 2014).
Cowden et al. (2016) examined the connections between mental toughness,
resilience, and stress in competitive tennis players, highlighting the significance of
psychological resilience in high-pressure situations. Psychological traits are not
isolated but work in harmony with physical, technical, and experiential components,

illustrating the multidimensional nature of tennis performance.

Experience is a vital determinant of player quality. The current literature on team
sports has analyzed the performance disparities between expert and novice players
(Didierjean & Marméche, 2005), indicating that such comparisons may enhance
understanding of how training variables influence player development (Leite &
Sampaio, 2010). Experienced players have exhibited enhanced performance relative
to novices in detection, memory retention, and decision-making precision (Vaz et al.,
2012). A study on tennis investigated the visual search strategies of professional and
novice players, using player ranking as the differentiating criterion (Murray &
Hunfalvay, 2016). This model demonstrates that several performance factors
influence athletic performance. However, there is a paucity of knowledge concerning

the influence of experience on competitive performance among young tennis players.

Moreover, coaches' perspectives on performance determinants are particularly
valuable, as they stem from direct experience with athletes throughout various
developmental stages. The comprehension of talent by sports coaches is likely to
affect the assessment of children and adolescents participating in recreational or
athletic pursuits (Gagné, 2000). Coaches can assess and quantify critical physical,
technical, and psychological factors that impact athletic performance, including
strength, agility, response time, and mental resilience. The techniques employed by

coaches, the athletic environment, and the interpretations of athletes' behavior and

4



motivation are essential for establishing a safe and enjoyable atmosphere for young
athletes (Mageau and Vallerand, 2003). The integration of coaches' assessments
enables researchers and practitioners to formulate comprehensive and effective
strategies for enhancing athletic potential and ensuring consistent performance in

competitive environments.

An in-depth examination of performance determinants underscores the complexity of
tennis as a sport that presents challenges to athletes across various dimensions. The
current study recognizes the lack of comprehensive research that has simultaneously
examined these attributes. Additional research is required to elucidate the factors

influencing performance in adolescent tennis players engaged in this sport.

1.1. Purpose of the Study

The purpose of this study was to determine the associations between rankings and
physical, functional, psychological, and experiential characteristics in a sample
comprising the top 8 junior tennis players from U12, U14, U16 age categories. In
addition to this, coaches’ perspective on the contribution of performance

determinants were included.

1.2. Research Questions

This study seeks to address following research questions:

(1) What are the associations between national rankings and physical, functional,
psychological, and experiential characteristics among the top junior tennis
players in the U12, U14, and U16 age categories?

(2) What is the coaches' perspective on the principal factors of performance in

top junior tennis players?

1.3. Hypothesis

(1) This study hypothesizes that no single variable will consistently correlate

with national ranking across all age groups and gender.
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(2) Coaches’ perspectives to young tennis performance are expected to vary by

age and gender

1.3.1. Assumptions

It is assumed that all measurements used in the study are valid and reliable, that
players performed to the best of their ability during the tests, that all participants—
including coaches—provided accurate and honest responses, and that national

rankings represent a stable indicator of performance.

1.4. Significance of the Study

Current study on tennis performance has primarily focused on individual
characteristics, such as physical fitness or technical skill, frequently neglecting the
complex interaction of multiple factors that contribute to success. Many studies
emphasize attributes like muscular strength, agility, or technical skill, overlooking
the multidimensional impact of psychological, emotional, developmental, and
coaching factors on a player's success.

This study utilizes a multidimensional approach by analyzing performance factors
across various dimensions, including physical, functional, psychological, and
experience attributes, along with coaching perspectives. The research offers a
comprehensive analysis of the factors affecting rankings across various age
categories (U12, U14, U16) by incorporating variables such as training age,
equipment specifications, training volume, tournament participation, and detailed
match statistics, in addition to evaluations of physical fitness, reaction time, mental
resilience, and motor coordination. This interconnected perspective offers deep

insight into the primary factors effecting performance in young tennis players.

This study offers an original and comprehensive contribution to the field of tennis
talent identification and development by systematically examining a wide range of
variables—including  demographic, experiential, physical, technical, and

psychological factors—and their relationship with national rankings across different

6



age categories and gender. Moreover, this research specifically focused on a highly
selective sample of players who were ranked within the top eight of their age group
at the national level. Since ranking is a widely accepted and objective indicator of
competitive success in tennis (Reid et al., 2007), the inclusion of this top-ranked

subgroup greatly enhances the relevance and interpretability of the findings.

Furthermore, this study’s originality stems from its multidimensional approach and
the integration of coaches’ perspectives alongside empirical performance data. By
doing so, it bridges the gap between practical coaching experience and scientific
assessment, providing a more multidimensional understanding of what constitutes
success in youth tennis. The findings not only offer insights into age and gender-
specific performance patterns but also contribute to the development of evidence-
based guidelines for talent identification and individualized training strategies within
youth tennis programs.

This study aims to enhance talent identification and development strategies in tennis
using a multidimensional framework. It seeks to provide a more nuanced
understanding of the performance determinants on national rankings among young
players, while emphasizing the critical roles of physical, technical, experiential and
psychological variables in their growth. The findings may offer substantial insights
for coaches, tennis academies, and federations, informing evidence-based strategies
for player development. Furthermore, the study may contribute to refining talent
identification models in Tiirkiye, ultimately fostering the growth of more well-

rounded and successful players within the national tennis landscape.

1.5. Definition of Terms

Age at peak height velocity: The age at which the peak growth rate transpires
during the teenage growth spurt.

Biological maturity: Advancing towards the fully developed biological condition.

Maturity offset: The age gap from the peak height velocity.
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Mental toughness: Encompasses a range of developed and intrinsic values, attitudes,
emotions, cognitions, and behaviors that shape how an individual confronts, reacts
to, and evaluates both positive and negative pressures, challenges, and adversities in

order to consistently accomplish his or her aims.

Motor competence: Capability to perform goal-oriented movements, which
correlates positively with physical activity and fitness levels during youth and

adolescence.

Physical fitness: Capability to execute physical activities and tasks proficiently,

possessing adequate strength, speed, endurance, flexibility, and coordination.

Physical growth: The measurable alterations that transpire in an organism's body
over time, including changes in height, weight, and body composition.

String tension: The assessment of the tightness of the strings within the framework

of a racquet.



CHAPTER 2

LITERATURE REVIEW

2.1. Theoretical framework of the study

This study utilizes the Bioecological Model of Human Development as its theoretical
framework to examine the multifaceted factors of performance in top junior tennis
players. The Bioecological Model of Human Development, established by
Bronfenbrenner and Ceci (1994), is extensively utilized across multiple disciplines,
notably in developmental psychology, education, sociology, public health, and sports
science. The model offers a thorough framework for comprehending the interplay
between human traits and environmental systems in shaping performance results
(Bronfenbrenner & Morris, 2006). This study employed the five interconnected
layers—microsystem, mesosystem, exosystem, macrosystem, and chronosystem—to
analyze the assessed components. The microsystem highlights the players' immediate
performance characteristics, encompassing anthropometry, physical development,
biological maturity, grip strength, lower and upper body strength, agility, speed,
flexibility, motor abilities, reaction time, aerobic endurance, mental toughness. The
mesosystem emphasizes the interrelations between various microsystems in the
athlete's life. For instance, it involves the dynamics between an athlete's family and
their sports team, as well as the interplay between their educational environment and
their training program. The exosystem and macrosystem highlight broader
influences, including institutional support and cultural attitudes that affect talent
development, such as the impact of federations’ coaching education policies on
coaches’ perspectives on performance metrics in player development. The
chronosystem includes all factors analyzes how developmental changes,
encompassing physical and psychological maturation alongside extended training

progression, influence a player's performance over time (Brandao et al.,, 2024).
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The Bioecological Model provides a thorough analysis of the physical, technical, and
psychological factors that improve performance by aligning the research objectives
of the study with these components. Moreover, it creates a framework for adopting
coaches' perspectives to improve the understanding of key elements of success. This
comprehensive approach aims to establish benchmark indicators for top-ranked
players and guide strategies for talent identification and development in tennis.

The study employed a quantitative cross-sectional approach to comprehensively
evaluate these characteristics and their relationships with national rankings.
Descriptive statistics outline mean scores by age groups and genders, whereas
correlational research highlights the primary factors influencing ranking
accomplishment. This design aligns with the Bioecological Model by providing a
multidimensional view of the interaction between human and environmental factors,
consequently facilitating the identification of performance determinants and

improving effective talent identification and development strategies in tennis.

2.2. Talent identification and development in tennis

The identification and cultivation of potential in tennis have been thoroughly
analyzed to determine the essential traits that contribute to enduring success in the
sport. A recent study on talent identification and development in junior tennis has
highlighted several crucial factors influencing player success. Tsao, Liu, and Chang
(2022) developed an assessment technique to gauge tennis proficiency by measuring
vertical jJump, shuttle run, and shoulder flexibility. Their studies revealed that tennis
players require greater flexibility than basketball players, and that shoulder mobility
is crucial for effective serving and stroke performance. This study underscores the
need of customized assessments in talent identification and development. A 2021
prospective study (Kolman et al., 2021) demonstrated that technical traits, such as
ball speed and accuracy, are significant predictors of current and future success
among male junior tennis players. The results emphasized the need of developing
these skills in various gaming contexts to enhance performance outcomes. A 2022
study (Chapelle et al., 2022) examined the impact of anthropometric and physical

performance factors on the progression of young tennis players in a talent
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identification program. The results indicated that attributes such as speed, agility,
jumping ability, motor coordination, and tennis-specific skills significantly
influenced selection probabilities, especially in players aged 8 to 10. This study by
Bozidar et al. (2014) examines the psychological skills of adolescent tennis players
and their relationship with coaching input and leadership behavior. The results
indicated substantial variations in psychological characteristics according to age,
gender, and training context. A robust association was identified between particular
psychological traits and coaching input, including leadership style, underscoring the
influence of coaching methodologies on the psychological development of young
athletes. A systematic evaluation conducted in 2015 assessed numerous instruments
measuring individual talent factors in young racquet sport athletes (Faber et al.,
2015). The review indicated that evaluations emphasizing cognitive and perceptual
capabilities, together with coordination skills, can distinguish elite players from their
non-elite counterparts. The predictive validity of these tools for future success
remains ambiguous, underscoring the necessity for comprehensive, multidimensional

evaluation techniques.

2.3. Determinants of the performance in youth tennis

The literature on performance determinants in sports indicates substantial study
aimed at determining the elements that affect the performance of young athletes. A
multitude of studies has investigated various facets of athletic performance (Vaeyens
et al., 2008), encompassing physical fitness (Kramer et al., 2016; Xiao et al., 2022;
Sanchez-Pay et al., 2021; Villouta et al., 2021), technical skills (Lambrich &
Muehlbauer, 2023), psychological attributes (Gould et al., 2002; MacNamara et al.,
2010), and sociocultural factors (Baker & Horton, 2004). The extensive published
research in this domain facilitates a thorough analysis of the determinants of success

in young athletes.

Physical growth and biological maturity significantly influence strength, speed, and
coordination, which are crucial for the precise execution of technical abilities
(Malina et al., 2004; Baxter-Jones et al., 2005). Moreover, physical fitness—

encompassing endurance, agility, and strength—directly influences a player's
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capacity to maintain high-intensity rallies and recuperate between points (Roetert &
Ellenbecker, 2007; Kovacs, 2007). Motor competence, which includes fundamental
movement skills, serves as the basis for technical proficiency and tactical execution
(Fransen et al., 2012; Vandorpe et al., 2012). Technical and tactical skills are crucial
for match performance, as they determine a player's ability to control the ball, create
opportunities, and adjust strategies based on opponents' strengths and weaknesses
(Reid et al., 2007; Kolman et al., 2018). Psychological traits like as resilience,
confidence, and concentration influence a player's ability to handle pressure and
sustain consistent performance in competitive settings (Weinberg & Gould, 2018;
MacNamara et al., 2010). Experience, training, and competitive exposure profoundly
impact a player's development by refining skills, enhancing decision-making, and
fostering flexibility in diverse match scenarios (Reid et al., 2008; Hornig et al.,
2014). Furthermore, coaches' perspectives on these traits provide vital insights into
the important attributes required for success in youth tennis, guiding training and
development initiatives. Crespo et al. (2024) investigated the viewpoints of
international high-performance tennis instructors concerning the critical mental
attributes necessary for tennis and their training techniques. Coaches unanimously
regarded mental skills as essential for tennis performance. This study is, to the
authors' knowledge, the sole investigation that has analyzed performance factors in

top junior tennis players from a comprehensive perspective.

Due to the complex and varied nature of tennis, specialists have examined multiple
aspects influencing the progression of young athletes. This chapter analyzes
contemporary studies on talent identification and development in tennis, highlighting
the critical attributes that impact performance in young athletes. The variables
encompass physical growth and biological maturation, physical fitness, motor
competence, technical and tactical abilities, psychological characteristics, experience,
and exposure to training and competition. An analysis of coaches' perspectives on
assessing and influencing performance is conducted, as their views are essential for
player development. This study synthesizes multiple disciplines to offer a thorough
knowledge of the complex dynamics of tennis development, thereby enhancing

evidence-based approaches in player selection and ongoing improvement.
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2.3.1. Physical growth and biological maturation

In order to design effective training programs for young athletes, it is important to
understand the influence of growth and maturation on their development (Balyi &
Hamilton, 2004; Balyi, Way & Higgs, 2013; Ford et al., 2011). To provide young
athletes with training that fosters their overall development, it is essential to fully
understand these two biological processes, as they play a vital role in a child's growth
and significantly impact their physical, mental, and emotional well-being (Beunen &
Malina, 2008).

Young athletes must possess a comprehensive understanding of the factors and
patterns that affect their development and maturation to effectively benefit from
well-structured training regimens (Gabbett, Johns, and Riemann, 2008; Lloyd et al.,
2014). Incorporating biological processes into training regimens can enhance athletic
development, as physical growth is a crucial determinant of sports performance.
Recognizing variations from standard growth and maturation patterns is crucial, as
they may signify potential medical concerns or developmental delays that could
impact a child's general health and well-being (Hebestreit and Bar-Or, 2008).

Myburgh, Cumming, Silva, Cooke, and Malina (2016) examined the growth and
maturity status of 91 elite junior British tennis players (47 males and 44 females)
aged 8 to 17, with a mean age of 12.5 years, in comparison to population norms.
Skeletal maturation was evaluated using the Fels approach (Lohman et al., 1988).
The study indicated that females had an advanced skeletal age relative to their
chronological age beginning at 8 years, whereas males displayed average to delayed
maturation from 8 to 12 years, thereafter, showing advanced skeletal age from 14 to
16 years.

Ségiit, Odemis, and Durmus (2023) investigated the growth and maturity status of 70
U14 competitive tennis players and its link with national rankings. Somatic maturity
was evaluated using the formula created by Mirwald et al. (2002). The study revealed
that, regardless of gender, the mean height and body mass percentiles of players

surpassed the 60th percentile. Increased maturity and higher BMIs were associated
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with improved rankings in females. However, no significant differences were

observed among the groups for boys.

Odemis and Sogiit (2024) examined the growth and biological maturity status of 117
young competitive table tennis players (57 males, 12.87+1.35 years; 60 females,
12.99+1.24 years) and their relationship with medal-winning performance. Physical
measurements included height, sitting height, and body mass, with somatic maturity
assessed using age at peak height velocity and maturity offset. Results showed that
players' mean height, body mass, and BMI percentiles exceeded the 37th percentile
compared to reference norms. However, no significant differences in growth or
maturity status were found between medal-winning and non-medal-winning players
of either gender, with the only notable difference being that medal-winning boys had
more training experience. The findings suggest physical characteristics alone don't
determine competitive success in youth table tennis, indicating the need for a more

comprehensive approach to talent identification.

2.3.2. Physical fitness

The current tennis game is highly dynamic, and tournament schedules are
demanding, making the need of physical fitness widely acknowledged (Reid &
Schneiker, 2007). Xiao et al. (2022) conducted a systematic analysis analyzing the
impact of several exercise training programs on the physical fitness components of
young tennis players. The review analyzed nine studies focusing on components such
as speed, agility, power, strength, and flexibility. Research indicated that exercise
training markedly enhanced speed and agility in young athletes. However,
information about gains in strength and flexibility was limited, and no conclusive
results were found indicating benefits in endurance. The study underscores the
imperative for further investigation, particularly regarding strength, flexibility, and

endurance training in adolescent tennis players.

Kovacs (2007) performed an extensive examination of the physiological demands of
tennis and the influence of physical fitness on performance improvement. The

research highlighted that tennis is an intermittent sport necessitating a combination of
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aerobic endurance, anaerobic power, speed, agility, and muscular strength. Kovacs
highlighted that elite players exhibit superior physical conditioning, allowing them to
maintain high-intensity performance throughout prolonged matches. This study
analyzed different training methodologies, including high-intensity interval training
(HIIT), resistance training, and flexibility exercises, with the objective of improving
performance and reducing injury risk. Durmus et al. (2023) reported that structured
HIIT is an effective method for enhancing aerobic fitness and technical performance
in tennis players, irrespective of age or skill level. Due to the substantial
physiological demands of competitive tennis and the considerable time needed for
the development of technical and tactical skills, HIIT has been suggested as an

efficient method for conditioning that also facilitates technical skill acquisition.

Lambrich and Muehlbauer (2022) conducted a systematic review and meta-analysis
to examine the disparities in physical fitness and stroke performance between elite
and sub-elite tennis players. The results showed that elite players exhibited greater
lower extremity muscle power, endurance, agility, and speed than sub-elite players.
A significant effect was noted in stroke performance, consistently benefiting elite
tennis players. A stronger correlation between physical fitness and stroke
performance was identified in elite tennis players (r = 0.562) than in sub-elite players
(r = 0.372). The research identified notable differences in lower extremity muscle
power, endurance, and agility, emphasizing the critical role of these factors in tennis

performance.

Reid and Schneiker (2007) performed a review of contemporary strength and
conditioning practices specific to tennis. The study emphasized the intricate
bioenergetic demands of tennis, characterized by intermittent phases of high-
intensity exertion. The research highlighted the significance of organized resistance
training programs in enhancing athletes' strength and power, which are crucial for
executing explosive movements on the court. The analysis examined the challenges
of periodizing training programs due to the sport's demanding schedule, suggesting
the integration of tennis-specific drills with strength and conditioning regimens to

improve performance.
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De Queiroz Miranda et al. (2020) performed a systematic review analyzing strength
training techniques and external factors in training regimens for competitive tennis
athletes. The results demonstrated that integrating muscle-building workouts and
plyometric exercises with tennis-specific drills was the most efficacious method for
improving multiple facets of strength. This study highlights the significance of
incorporating various strength training methodologies customized for tennis to

enhance performance.

2.3.3. Motor competence

A variety of studies has investigated motor competence in tennis players. Sogiit
(2017) examined serve velocity and motor coordination in elite and club-level junior
tennis players aged 11 to 14. The study demonstrated that elite players displayed
markedly higher serve speeds and improved motor coordination, highlighting the

essential importance of early involvement and rigorous training in skill development.

Waldzinski et al. (2024) performed a longitudinal study evaluating the development
of motor coordination and tennis skills over a one-year period in players aged 10 to
12 years. Findings demonstrated that boys typically exhibited superior performance
compared to girls in tennis skills and motor coordination assessments. Females had a
superior improvement in balance and complex reaction evaluations, suggesting that

motor development is influenced by age, gender, and task specialization.

Sogiit (2016) assessed gross motor coordination in junior tennis players aged 6 to 14
years using the Korperkoordinationstest fiir Kinder (KTK). The study revealed that
40.6% of players exhibited motor coordination skills surpassing the normative range,
with no significant gender disparities observed. The results underscore the
significance of early motor coordination development in young athletes, accessible

through age-appropriate training programs.

Bisio et al. (2021) investigated motor timing abilities in young tennis players relative
to non-players through a synchronization task. The research indicated that tennis

players demonstrated enhanced movement strategies and spatial accuracy, especially
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in tasks involving bimanual coordination. The findings indicate that tennis training
improves specific motor timing skills critical for effective play.

Barbaros et al. (2023) analyze the differences in specific motor skills among tennis
players in the younger age categories of U12, U14, and U16. The research evaluated
explosive strength in jumping, speed, agility, and trunk strength, indicating a linear
progression in these abilities with advancing age. This suggests that as individuals
age, their motor skills develop, underscoring the importance of training programs
tailored to specific age groups. They also investigate the issue of muscular imbalance
between the anterior and posterior trunk musculature. The physical conditioning of
young tennis players must be systematically structured to improve injury prevention

and adaptation to competitive demands.

These studies highlight the multifaceted nature of motor competence in tennis,
understanding these components can inform targeted training programs to optimize

player development and performance.

2.3.4. Technical and tactical skills

Kolman et al. (2018) included results from 40 studies in a systematic review to look
at how technical and tactical skills are related to tennis success. The review showed
that players' technical skills (like ball speed and, to a lesser extent, ball accuracy) and
tactical skills (like decision-making, anticipation, tactical knowledge, and visual
search methods) were different depending on their performance levels. But these
skills need to be measured together because winning a point depends a lot on the
tactical choice of which stroke to make (i.e., skilled execution). The authors
highlighted that more research should be done in the future to find out how technical

and tactical skills affect tennis play.

Putri et al. (2024) conducted an experimental study to examine the impact of game-
based and drill-based training approaches on the enhancement of fundamental tennis
technical skills in male players aged 10-12 and 13-15 years. The researchers

concluded that the game-based training method was more effective for the younger
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demographic, whilst the drill-based approach benefited the older group. These
findings underscore the significance of age-appropriate training techniques to

improve essential technical skills in young tennis players.

Garcia-Gonzéalez et al. (2012) performed a comparative analysis of tactical
knowledge among pre-professional and intermediate tennis players. Researchers
discovered that pre-professional players exhibited more complex and advanced
tactical frameworks through verbal reports throughout gameplay. These players
exhibited a profound comprehension of game scenarios, allowing them to make more
astute strategic decisions. Studies indicate that specialized training programs aimed
at improving tactical comprehension and cognitive abilities could close the divide
between intermediate and advanced players.

Martinez-Gallego et al. (2019) examined professional men's tennis matches on hard
courts to discern differences in movement and shot efficacy between winning and
losing players. The study demonstrated that point winners utilized more aggressive
techniques, dedicating more time in offensive zones and forcing their opponents to
traverse bigger distances at elevated speeds. Moreover, winning players performed a
greater quantity of successful strokes, made fewer unforced errors, and demonstrated
superior overall efficiency. These findings highlight the significance of offensive

tactics and strategic placement in attaining success at the professional level.

Sanchez Mencia et al. (2024) conducted a systematic analysis examining tactical
skills in tennis, evaluating 34 articles published from 2000 to 2022. The review
categorized fundamental tactical components such as anticipation, game
comprehension, strategy formulation, problem representation, situational awareness,
execution, player expertise, and identification. Research evaluating tactical skills has
identified significant variations in player proficiency, with superior performance
linked to individuals with heightened anticipatory abilities, a comprehensive
understanding of game situations, extensive game knowledge, and more effectively

implemented offensive strategies.

Kolman et al. (2022) developed the Tactical Skills Questionnaire in Tennis (TSQT)

to evaluate self-assessed tactical competencies among competitive athletes. The
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TSQT consists of four subscales: "Anticipation and Positioning," "Game Intelligence
and Adaptability,"” "Decision-Making," and "Recognizing Game Situations." The
questionnaire demonstrated strong internal consistency and reliability.  National-
level players considerably outperformed regional players in game intelligence,
adaptability, decision-making, and situational awareness. This evaluation offers
crucial insights for coaches and players aiming to identify strengths and areas for

improvement in tactical skills.

Crespo et al. (2024) conducted an extensive evaluation to synthesize information on
technical and tactical competencies in tennis. The analysis concluded that the
development of these abilities is influenced by practice techniques (variability
among/within skills), environmental factors (such as court dimensions and ball type),
and cognitive features like situational awareness, anticipation, and decision-making.
The authors suggested creating competency models tailored to various playing levels,
including fundamental competencies, standardized descriptions, and evidence-based
assessments. These models may serve as frameworks for structured training and

performance evaluation.

2.3.5. Psychological traits

A study by Cowden et al. (2016) investigating the correlation between mental
toughness, resilience, and stress in competitive South African tennis players revealed
that elevated mental toughness is favorably associated with resilience and adversely
associated with stress. This indicates that mentally resilient athletes are more adept at

managing pressures and responding positively to obstacles in their sport.

A study by Cowden et al. (2014) investigated psychological correlates of mental
toughness in professional tennis players, highlighting learned abilities and
competitive trait anxiety. The researchers determined that acquired abilities
significantly predicted mental toughness, although competitive trait anxiety was not a
strong predictor. This suggests that athletes who cultivate self-discipline and

problem-solving abilities may improve their mental resilience.
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Cervelldo et al. (2010) examined the relationship between dispositional goal
orientation, assessment of the motivating environment, and factors of competitive
anxiety in elite tennis players. The research indicated that an ego-involving
motivating context correlated with heightened cognitive and physical anxiety,
whereas task orientation served as a favorable predictor of self-confidence. These
findings highlight the importance of fostering a task-oriented environment to

enhance self-confidence and reduce anxiety among athletes.

In a study focusing on psychophysiological stress responses, Fernandez-Fernandez et
al. (2015) compared young female tennis players' responses during actual
competitive matches and training sessions. The findings indicated that match day
resulted in elevated salivary cortisol levels for losers at all measured time points
compared to winners. All players exhibited significantly reduced salivary cortisol
levels during training compared to the match at all time points, except in the evening
for winners. Participants who won in match and training contexts exhibited
significantly elevated self-confidence alongside reduced scores in cognitive and
somatic anxiety compared to those who lost. Heart rate and ratings of perceived
exertion (RPE) were significantly elevated for losers solely during the match
(158.9+8.3 vs. 168+6.7 bpm; 12.9+1.2 vs. 15+0.8, for losers and winners,
respectively). Moderate to strong correlations were observed between cortisol levels,
self-confidence, anxiety scores, and match workload (i.e., heart rate and RPE) solely
on match day. The findings demonstrate that the interaction among
psychophysiological responses, match workload, and outcomes was observable

solely in real competitive contexts.

Sheldon and Eccles (2005) examined physical and psychological predictors of
perceived ability in adult male and female tennis players. Their study revealed that
variables including age, official tennis rating, perceived shot capabilities, confidence,
strategy, and accomplishment motivation significantly forecasted participants'
perceived tennis proficiency. This underscores the significance of incorporating
perceived psychological capabilities in assessments of perceived athletic and sport-

specific capacity.
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In a study assessing mental toughness in talented youth tennis players, Houwer et al.
(2017) compared on-court behavioral observations with self-reported measures. They
developed a taxonomy of positive and negative behaviors indicative of mental
toughness and found that variability in positive on-court behaviors was negatively
correlated with self-reported mental toughness. The results suggest that diversity in
on-court behaviors offers valuable insights about tennis players' mental toughness,

particularly on the (in)stability of their psychological state during a match.

Kovacs (2010) explored the influence of personality traits on collegiate male tennis
players. The personality characteristics showed low and moderate correlations with
Intercollegiate  Tennis  Association  (ITA) rankings. Higher levels of
conscientiousness and emotional stability were associated with better singles
rankings. This suggests that these personality factors may contribute to successful

performance in competitive tennis.

A study by Cappellato (2023) examined the susceptibility of professional tennis
players to obsessive-compulsive and depressive symptoms. The findings indicated
that current athletes exhibited higher levels of obsessive-compulsive symptoms and
superstitious behaviors compared to former athletes and control groups. Their
findings support the idea that high-level agonistic sports require intensive training
and adherence to strict daily routines, which may indicate a vulnerability to the onset
of full-blown obsessive-compulsive disorder (as well as other disorders) in more

fragile individuals.

These studies provide valuable insights into the psychological traits of tennis players,
emphasizing the roles of mental toughness, resilience, motivation, personality

factors, and the impact of competitive stress on athletes' psychological well-being.

2.3.6. Experience, training and competition exposure

Haksever et al. (2023) investigated the correlation between playing experience and
particular performance indicators in elite tennis players. The study examined serve

velocity, agility, jumping ability, and dynamic balance in individuals aged 18 to 30.
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The findings indicated a substantial positive association between years of playing
experience and serve velocity, implying that extended participation in the sport
improves serving proficiency. No substantial link was found between experience and
factors such as agility, jump performance, or dynamic balance, indicating that these

attributes may require specific training beyond fundamental playing experience.

Zappala et al. (2024) investigated the influence of early career achievements and
tournament prestige on the trajectories of professional tennis players. The research
employed data from the Association of Tennis Professionals (ATP) to present an
innovative approach for evaluating tournament status through a co-attendance
network of events. The findings indicated that those who achieved early notable
successes in prestigious tournaments were more inclined to attain high rankings. This
highlights the significance of early victories in prestigious events, indicating that

such accomplishments may advance players toward greater career achievements.

Cui et al. (2017) examined the impact of experience and relative quality on
performance in Grand Slam events. The examination of match statistics indicated
that seasoned players outperformed their adversaries in serve and return metrics, with
fewer double faults and greater success in second serve and return points. Moreover,
they secured a higher number of rally winners and break opportunities while
traversing longer miles. Players of superior relative quality exhibited enhanced serve
velocity and a higher frequency of aces, displayed more aggressive returns
(comprising return winners and unforced errors). Players regularly approached the
net at similar intervals in all Grand Slam tournaments, demonstrating an increasing
tendency in men's tennis towards tactical aggression across diverse court surfaces.
The impact of experience and comparative quality offers essential insights for
tailored training and enhancement of performance in both practice and setting.

Fleming et al. (2022) conducted a systematic review and analysis of literature
regarding the training and match-play requirements of elite and highly trained junior
tennis players, emphasizing that training sessions frequently fail to mimic the
physiological and perceptual demands encountered during tournament match-play.

The research demonstrated that rallies on clay courts were around 22% longer than
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those on hard courts, leading to prolonged playing duration, heightened heart rates,
increased blood lactate concentrations, and greater ratings of perceived exertion.
Moreover, participation in numerous daily matches negatively impacted performance
indicators, including jumping, sprinting, and directional changes, and was associated
with increased muscle soreness, weariness, and discomfort. These findings highlight
the necessity of developing training programs that precisely replicate match
circumstances and controlling competition schedules to enhance player performance

and recovery.

Andrade et al. (2019) investigated the relationship between the age of initiation,
duration of training and competition, and ranking position in elite young tennis
players. The findings revealed that tennis players who commenced training earlier
have a 28% increased probability of achieving a top 20 ranking, and that each
additional year of training amplifies a player's likelihood of reaching the top 20 by a
factor of 1.43. Moreover, each year of competitive experience enhances the
probability of tennis players attaining a top 20 ranking by a factor of 1.41, while
starting competitions earlier annually elevates the potential of an athlete achieving a
top 20 position by 20%. These findings underscore the importance of the age at
which youth elite tennis players start practicing and their competition experience are

crucial variables in determining their ranking position.

2.3.7. Coaches' perspectives on performance determinants in junior tennis

Crespo, Jiménez, et al. (2024) investigate the viewpoints of international high-
performance tennis coaches regarding the mental abilities essential for tennis
performance and training. The findings revealed that coaches unanimously regarded
mental skills as crucial for tennis play. Senior coaches exhibit a heightened
comprehension of sport psychology and emphasize the development of particular
psychological skills to a greater extent than their novice counterparts. Coaches,
irrespective of their education or experience, regarded mental skills as crucial for
tennis performance and indicated that the primary methods for acquiring knowledge

about them were training courses and practical experience.
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Robertson et al. (2018) examined the views of 177 licensed coaches in table tennis,
tennis, and badminton concerning the significance of anthropometric metrics,
physical performance, and motor coordination abilities. Coaches evaluated the
importance of numerous talent attributes on a scale from 1 to 10, highlighting both
clear distinctions and significant similarities across the racquet sports. In addition to
the similarities and differences among the racquet sports discussed, it is important to
highlight that all criteria received elevated ratings (minimum: 5.5; maximum: 9.4 on
a scale of 1-10). The anthropometric features and the assessment of 30m sprint
speed exhibited the lowest values, whereas the best values were observed in eye-
hand coordination, agility, and various ball abilities. These insights are vital for talent
discovery and development in tennis, aiding coaches in spotting and cultivating

essential qualities in prospective players.

Weinberg and Jackson (1990) examined the tactics utilized by high school and age-
group tennis coaches to bolster self-efficacy in their players. The research revealed
13 separate ways, with coaches commonly use approaches such as promoting
positive self-talk, exemplifying confidence, delivering instruction and practice,
offering generous prizes, and deploying verbal persuasion. These strategies were
considered moderately to very efficient in enhancing players' self-efficacy, which is
essential for optimal performance. The study highlights the significance of
psychological therapies and the contribution of coaches in cultivating mental

resilience and confidence among tennis players.

A study conducted by Busuttil et al. (2024) sought to investigate tennis instructors'
perceptions and techniques concerning the development of grip holdings, a crucial
skill in tennis. Professionally accredited coaches of differing experience levels (n =
140 with less experience and n = 86 with more experience) engaged in an online
questionnaire to articulate their views on the significance of developing grip
holdings and utilizing physically restrictive equipment in coaching. Regardless of the
coach's experience, the improvement of technique and the instruction of grip position
were identified as the two most critical components in the development of
fundamental tennis skills. The Semi-western grip for forehand (less: 68%; more:

65%), a combination of Continental and Eastern grips for double-handed backhand
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(less: 59%; more: 48.8%), and the Continental grip for serves (both: 94%) were
recognized as the most often taught stances for various shots. The recognized barriers
to cultivating grip holdings comprised habit (less: 62%; more: 56%), discomfort
(less: 58%; more: 50%), and lack of confidence (less: 44%; more: 21%). Notably,
65% of trainers indicated a willingness to utilize physically restrictive methods to
improve grip-specific skill acquisition. This study serves as a crucial resource,
assisting coaches in enhancing their approaches for foundational tennis development

and promoting additional research in this field.
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CHAPTER 3

METHODS

3.1. Study Design

This cross-sectional cohort study employed a multidimensional approach to
evaluating the determinants of competitive performance among top-ranked youth
tennis players. The study incorporated assessments of anthropometric characteristics,
physical growth and maturation, strength (upper and lower body), speed, agility,
flexibility, aerobic endurance, motor coordination, reaction time, technical skill
(serve speed), and psychological factors (mental toughness), along with tournament

and match records and coaches’ evaluations.

3.2. Participants

A total of 46 competitive tennis players aged under 12 (U12), under 14 (U14), and
under 16 (U16) were recruited for this study. The sample comprised of top-ranked 8
boys and 8 girls in each age category based on the results from the national team
selection tournaments. Due to their injuries two players of U14 boys were not able to
join the camp. The inclusion criteria consisted of: (i) being registered with the
Turkish Tennis Federation and (ii) being able to qualify for the last 8 in the national
team selection tournament for Tennis Europe Summer Cups. Birth dates, training
age, racquet weight, string tension, weekly training volume, age to start tournament,
number of national and international tournaments, number of official single and
double matches information were collected. The number of players by age groups
and gender are presented in Table 1. Ethical approval was secured from the Human
Subjects Ethics Committee of Middle East Technical University (0402-ODTUIAEK-
2024). Written informed consents were acquired from the children (refer to
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Appendix C) and their parents or legal guardians (refer to Appendix D) following a
detailed explanation of the measurements and the study's purpose.

Table 1. The number of players by age and gender

Age groups Girls Boys Total
uUl12 8 8 16
Ul4 8 6 14
uUle6 8 8 16

3.3. Data Collection Instruments

3.3.1. Stadiometer

Standing and sitting heights were assessed utilizing a portable stadiometer (Seca 213,

Hamburg, Germany).

3.3.2. Body Composition Analyzer

The players' body mass and body fat % were assessed using a body composition
analyzer (TANITA MC-780MA, Japan).

3.3.3. Hand Dynamometer

A hand dynamometer (Baseline, Smedley, Germany) was employed to assess hand
grip strength.

3.3.4. Microgate, OptoJump

The lower limb power of the subjects was measured by Countermovement Jump
(CMJ) Test (Microgate, OptoJump, Italy).

3.3.5. Electronic Timing Gates

Electronic timing gates (Witty Photocell gates, Microgate, Italy) were used to

measure the speed and agility of the players.
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3.3.6. Radar Gun

A sports radar gun (SR3600; Sports-radar, Homosassa, FL, USA) was utilized to

measure the serve speed of the players.

3.3.7. Medicine Ball

1 kg medicine ball were used to measure the upper body power of the players.

3.3.8. Sit and Reach Table

Sit and reach table were used to measure the lower back and hamstrings flexibility of

the players.

3.3.9. KTK Battery

The Korperkoordinationstest fiir Kinder (Kiphard & Schilling, 2007) battery were
used to measure the gross motor coordination of the players.

3.3.10. BlazePod System

BlazePod (Play Coyotta Ltd., Tel Aviv, Israel) system was used to measure the

reaction times of the players.

3.3.11. Beep Test Application

Beep test mobile application was used to measure the aerobic endurance of the

players.

3.4. Data Collection Procedures

All tests were administered by experienced graduate sport sciences students who had

previously used these instruments in earlier projects. Players were tested on five
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sessions. In the first testing session, they were initially administered a brief
questionnaire regarding their demographic, experiential, and training related
characteristics. Psychological skills and anthropometric measurements were also
collected in the first session. In the second session which were held after some
reasonable rest in the same day; physical fitness performance tests such as grip
strength, flexibility, countermovement jump, medicine ball throw, t-agility, sprint,
maximum serve speed was completed on an outdoor hard surface tennis court. Third
session were held the next day in order to give time players to recover. In this
session, motor coordination test was performed. Fourth session were held after some
reasonable rest in the same day and reaction time test was measured. Lastly, fifth
session were held the next day to give time players to recover. In this session, shuttle

run test were performed. All procedures were completed in three days.

Session 1 (Day 1) began with a brief questionnaire to gather demographic
information, training history (e.g., weekly training volume, age of first tournament
participation), and equipment details (racquet weight, string tension).
Anthropometric measurements, including standing and sitting height, body mass,
body fat percentage, and leg length, were collected using standardized protocols.
Psychological assessments, specifically the Mental Toughness in Sport Scale, were

also administered during this session.

Session 2 (Day 1, post-rest) focused on physical fitness and tennis-specific
performance tests conducted on an outdoor hardcourt. After a rest period,
participants completed grip strength assessments, countermovement jumps, overhead
medicine ball throws, 20 m sprints (with 5 m and 10 m splits), T-agility tests, sit-and-
reach flexibility measurements, and maximal serve speed evaluations using a radar
gun. Rest intervals between trials (30 seconds to 5 minutes) were enforced to

mitigate fatigue.
Session 3 (Day 2) began with motor coordination. Participants performed the

Korperkoordinationstest fiir Kinder (KTK) to evaluate balance, hopping, and lateral

movement skills.
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Session (4) (Day 2, post-rest) after some reasonable rest in the same day reaction
time was assessed using the BlazePod system, which measured hand and foot

responses to visual cues.

Session (5) (Day 3) addressed aerobic endurance. As the last measurement of the
protocol the shuttle run (beep test) was administered to estimate aerobic capacity,

with predicted VO2max values derived from performance data.

Due to their injuries two players of U14 boys were not able to join the camp. U14
girls could not participate in aerobic fitness measurements because they had
tournament matches on the same day. One girl in U14 did not attend to KTK and
reaction time tests because of her stomachache. Three players did not attend to
aerobic endurance tests in U16 category: one boy due to his leg injury, one girl due
to her leg injury and one girl due to her menstrual cycle.

Measurements were conducted at four national team tennis camps held at the Turkish
Tennis Federation Center, with official permission from the Federation (see
Appendix B). Data collection began with the U14 camp (26-28 June), followed by
the U16 boys’ camp (14-17 July), the U12 camp (21-24 July), and the U16 girls’
camp (26-28 July).

Following each camp, coaches (n = 7) completed a structured questionnaire to
evaluate their perspectives on the contribution of 27 performance parameters to
player success. Responses were analysed to align empirical findings with coaching
expertise. The process was structured to balance testing demands with athlete

recovery, ensuring minimal interference with training and tournament schedules.

3.4.1. Match and Tournament Records

Information of the players on the age to start official tournaments, the number of
national and international tournaments, the number of official single and double
matches were obtained from the official webpages of the Turkish Tennis Federation,

Tennis Europe and International Tennis Federation.
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3.4.2. Anthropometry

Portable stadiometer was used to assess standing and sitting heights (Seca 213,
Hamburg, Germany). The players' body mass and body fat % were assessed using a
body composition analyzer (TANITA MC-780MA, Japan). The leg length was
determined by deducting the sitting height from the standing height. Body mass
index (BMI) was determined by dividing body mass (kg) by the square of the height
(m). All anthropometric measurements were performed according to the reference
handbook (Lohman, Roche, & Martorell, 1988).

3.4.2.1. Standing Height

The participants were positioned with their backs against the stadiometer, heels
together, and heads aligned in the Frankfort plane, which is defined as a horizontal
line extending from the lower margin of the orbit to the upper margin of the external
auditory meatus. The vertex, the summit of the head, was established by locating the
line of the head's highest point with the Frankfort plane. The participants' heads were
carefully lowered to ensure accuracy, and the sliding headpiece of the stadiometer
was thereafter lowered to the vertex. Measurements were documented to the nearest
0.1 cm.

3.4.2.2. Sitting Height

The participants were directed to sit on a bench with their spines erect. The measurer
examined the subjects' buttocks and backs for contact with the stadiometer. The
measurer assessed the distance from the stadiometer to the participant's head,
ensuring the measurement was perpendicular to the bench. Measurements were

conducted with precision to the nearest 0.1 cm.

3.4.2.3. Body Mass and Body Fat Percentage

The participants were instructed to place themselves at the center of the body

composition scale, barefoot and in minimal attire. The individual was positioned
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stationary with their body mass uniformly distributed. The measurements were
recorded to the closest 0.1 kilogram.

3.4.3. Physical Growth

Anthropometric measurements, such as height-for-age, weight-for-age, and BMI-for-
age, were evaluated against Frisancho's reference data (Frisancho, 2008). Percentile
and z-score values were computed for height, body mass, and BMI.

3.4.4. Biological Maturation

Multiple approaches exist to evaluate biological maturation in children,
encompassing assessments of skeletal, sexual, dental, and somatic maturity. This
study utilized the age at peak height velocity (APHV) to assess the somatic maturity
of the players. This method was chosen for its recognition as one of the most
practical and commonly employed frameworks in sports science. The APHV was
calculated utilizing the predictive model established by Mirwald, Baxter-Jones,
Bailey, and Beunen (2002). The maturity offset was determined by removing the
difference between the APHV and chronological age. The athletes' ages were
calculated by deducting their birth dates from the measuring date. The equations
proposed by Mirwald et al. (2002) provide a non-invasive method for estimating the
APHV using growth patterns of leg and trunk length. These equations calculate
APHYV by utilizing factors including leg length, sitting height, chronological age,
standing height, and weight, providing a non-invasive assessment of somatic
maturity. This study employed the equations developed by Mirwald et al. (2002) to
compute the APHV values of athletes.

Boys:
Maturity Offset=—9.236+(0.0002708%(Leg LengthxSitting Height))—(0.001663x(Ag
exLeg Length))+(0.007216x(AgexSitting Height))+(0.02292x Height ~ Weight )

Girls:

Maturity Offset=—9.376+(0.0001882x(Leg LengthxSitting Height))+(0.0022x(Agex
Leg Length))+(0.005841x(AgexSitting Height))—(0.002658%(AgexWeight))+(0.076
93x Height +~ Weight)
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3.4.5. Grip Strength

Hand grip strength was assessed using a hand dynamometer (Baseline, Smedley,
Germany). During the assessment, participants were instructed to sit on a platform,
maintain their arms at their sides, and generate maximum power on the dynamometer
with their dominant hand for five seconds. The best score of three was used for

analysis.

3.4.6. Countermovement Jump

Countermovement Jump (CMJ) Test (Microgate, OptoJump, Italy) was used to
assess the lower limb power of the subjects. Subjects were asked to place in the
middle of two CMJ plates and then perform a jump while their hands were on their
hips. Besides hand position, subjects were instructed to jump after a downward
motion. The resting period was 30 seconds between three trials. The best attempt was

taken into consideration.

3.4.7. Medicine Ball Throw

An overhead medicine ball throw specific to tennis was employed to evaluate upper
body power, as previously outlined by several tennis federations, including the Lawn
Tennis Association (LTA — British Tennis), the German Tennis Federation, and the
United States Tennis Association (USTA) (Myburgh et al., 2016; Roetert et al.,
1996; Ulbricht et al., 2016). The overhead throw was executed with a 1 kg medical
ball. They were instructed to toss it with their both hands employing. Participants
were allowed two attempts, with passive rest intervals between attempts; throws

were recorded to the closest 1 cm, utilizing the maximum distance for analysis.

3.4.8. T-Aqility

Agility performance was measured using the T-agility test. Before the test, cone
markers were placed in a T-shaped pattern. Players were asked to run forward, touch

the front cone, touch the cones on the left and right sides in sequence, and finally
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touch the front cone again before running backward to the starting line. Electronic
timing gates (Witty Photocell gates, Microgate, Italy) were used in the test. The test

was performed twice, and the fastest time was recorded.

3.4.9. Sprint

A 20 m sprint with splits at 5 m and 10 m was used to assess speed with electronic
timing gates (Witty Photocell gates, Microgate, Italy). Participants commenced 50
cm behind the initial timing gate, as defined by Ulbricht, Fernandez-Fernandez, and
Ferrauti (2013). The quickest trial of two attempts was documented and measured to

the closest 0.01 seconds.

3.4.10. Sit-and-Reach

The purpose of the sit-and-reach test is to evaluate the flexibility of the participant's
lower back and hamstrings. Participants were instructed to sit on the floor with their
shoes removed, feet flat against the table, and legs extended straight. Every
participant will be urged to extend their fingers along the table to the maximum
extent. The distance from the fingertips to the table's edge will be recorded. The

examination was conducted twice, and the maximum score was documented.

3.2.11. Maximum Serve Speed

The serve performance test demonstrates significant external validity concerning its
correlation with tennis functional performance, as it involves a multi-segment
movement necessitating coordination, power generation throughout the kinetic chain,
and precise timing of muscle activations (Fernandez-Fernandez et al., 2014). It has
been previously emphasized as the most dependable metric of on-court performance
and has demonstrated a strong link with junior individual rankings (Fernandez-
Fernandez et al., 2014). Serve speed assessments were performed on an outdoor
tennis court. Participants conducted the assessments using their personal rackets.
Tests utilized tennis balls sanctioned by the International Tennis Federation. The

serve speed of the players was assessed with a sports radar gun (SR3600; Sports-
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radar, Homosassa, FL, USA). Each player delivered their maximum serve from the
service line at 30-second intervals. Five successful serves were documented, and

their average was utilized for analysis.

3.2.12. Motor Skill Assessment

Gross motor coordination of the participants was assessed wusing the
Korperkoordinationstest fiir Kinder (KTK), developed by Kiphard and Schilling
(2007) for children ranging from 5 to 14 years of age. A Turkish version of the KTK,
were adapted (Ozkara & Kalkavan, 2018). The KTK has four subtests: backwards
walking on three balance beams (KTKBeam), jumping over foam barriers
(KTKHop), lateral movement on wooden planks (KTKBoard), and bilateral lateral

jumping over a wooden rod (KTKJump).

Table 2. Classification of motor coordination levels (adapted from Kiphard and
Schilling, 2007)

MQ Scores Classification
131 - 145 High
116 — 130 Good
86— 115 Normal
71 -85 Moderate
56 -70 Impairment

The KTK was administered and evaluated in accordance with the handbook (Kiphard
& Schilling, 2007). Participants were assessed individually following their
familiarization with the exercises. The KTKBeam test has three balancing beams,
each measuring 3 meters in length, with varying widths of 3 cm, 4.5 cm, and 6 cm.
Participants were instructed to walk backwards three times on each balancing beam,
with a maximum of eight steps permitted per beam. The highest possible score for
this examination is 72. In the KTKHop test, participants are expected to hop on one
leg over foam obstacles with heights varying from 0 to 60 cm. The highest possible
score is 78. During the KTKBoard assessment, participants shifted their bodies

laterally between two boards for a duration of 20 seconds. The test score is the
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aggregate of the two trials. In the KTKJump assessment, participants were instructed
to leap laterally over a wooden rod measuring 2 cm in height over a duration of 15
seconds. The score is the aggregate of the two trials. Each subset of results was
translated to a motor quotient based on age and gender. The Total KTK motor
quotient (TotalKTKMQ) scores facilitate the categorization of gross motor
coordination skills into five distinct levels (Table 2).

3.2.13. Reaction Time

Reaction times were measured with the BlazePod system (Play Coyotta Ltd., Tel
Aviv, Israel). BlazePod is a wireless lighting system with eight LEDs and a central
PDA controller. Light signals may be activated or deactivated by a participant or
tester based on the task requirements. The reliability and validity of the BlazePod
system were assessed in several studies (De Oliveira et al., 2021; Hoffman, 2020).

Both hand and foot reactions were assessed using the Simple Reaction, Selective
Reaction, and Discriminative Reaction Tests, in accordance with the Cagin Hand and
Foot Reaction Tests Protocol. The reliability and validity of this protocol were
assessed (Cagin, M., et al. 2024). Simple reaction time involves a singular stimulus
and a corresponding singular response. This serves as an illustration of a blue light
on the pod and the subject’s response by pressing the pod whenever the blue light is
illuminated. Selective reaction time involves multiple stimuli, each eliciting a distinct
response. This scenario is illustrated by the subject's behaviors of pushing the pod
with a blue cup when the blue light activates, using red cups when the red light
activates, and using green cups when the green light is activated. In discriminative
reaction time scenario, multiple warnings precede a singular conduct. This scenario
occurs when the blue, red, and green colors illuminate on the pod; however, the

participant simply presses the pod when the blue color is enabled.

A countdown created by the application would signify the beginning of the drill.
Subsequent to the countdown, the participant responded to a lighted pod by tapping it
with their hand, first to the left and then to the right. The trial lasted 20 seconds, and

the pods lighted in a random order. The identical approach was employed for the
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foot. The mean response time for the trial was documented. Once familiarized with
the test, players underwent the assessment twice, and the highest score was recorded

for analysis.

3.2.14. Aerobic Endurance

The shuttle run test was utilized to evaluate the aerobic endurance of the participants.
In this assessment, participants were instructed to sprint back and forth along a 20 m
track, ensuring they touched the 20 m line simultaneously with the emission of a
sound signal from a beep test application. The frequency of the sound waves
escalates, resulting in an increment of running speed by 0.5 km/h per minute,
commencing with an initial pace of 85 km/h. The test concluded when the
participant could no longer maintain the prescribed tempo. The tests are confirmed
using VO2 measurements, and the estimated VO2max can be predicted using
equations that account for gender and age (Léger et al., 1988; Léger & Lambert,
1982). VO:max (maximal oxygen uptake) was estimated using the following formula
developed by Léger et al. (1988): VOmax= 31.025 + 3.238 (speed) — 3.248 (years) +
0.1536 (speed) (years)

The formula provides an estimate of the participant’s aerobic capacity, expressed in
milliliters of oxygen per kilogram of body weight per minute (ml/kg/min). This
method is widely used in youth sport science due to its practicality, non-
invasiveness, and reliability in estimating cardiovascular endurance. Tests that
encompass accelerations, decelerations, and directional changes can be classified as
semi-specific (Fernandez-Fernandez J, Ulbricht A, Ferrauti A. 2014). The shuttle
run test has established itself as a standard field assessment, incorporated into the
routine testing protocols of various national tennis federations, including USTA and
Tennis Australia (Roeterr & Ellenbecker 2007; Reid et al. 2013).

3.2.15. Mental Toughness

The Mental Toughness in Sport Scale was used to measure the mental toughness of

players. The scale was developed by Gucciardi et al. (2014) and consists of one
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subscale. There are a total of eight items in the seven-point Likert-type scale (1=
Completely False - 7= Completely True). The validity and reliability of the scale for
Turkish sample were conducted on 400 adolescent athletes by Ozgdr and Asci
(2018), and the Cronbach alpha internal consistency coefficient was calculated as
0.78. Participants were asked to complete the questionnaire in the first session of the
measurements. Before starting participants declared to answer the questions with full

honesty.

3.2.16. Coaches’ Perspective

A questionnaire was administered to assess coaches' perspectives on the contribution
of performance measures. The questionnaire comprised three sections. The
questionnaire’s purpose and intended use were outlined in the initial section, along
by the necessary material and terminology for its completion. The second section
comprised descriptive questions concerning the experts. The final section contained
27 inquiries regarding the determinants to be assessed. These 27 questions were
created to ascertain coaches' perspectives on these criteria. The questionnaire was
developed by tennis instructors collaborating with a board of education within the
Turkish Tennis Federation and a sports scientist who holds the position of Associate
Professor in the Department of Physical Education and Sports at Middle East
Technical University. The questionnaire was constructed in accordance with the five
design processes proposed by Brace (2004) in his book "How to Plan, Structure and
Write Survey Material for Effective Market Research.” The procedures undertaken

during the questionnaire design phase were as follows.

1. Identification of Research Question and Objectives: The questionnaire sought
to ascertain the coaches' perspectives through determinants to be evaluated in
the study.

2. Participation Profile and Sampling Approach: The poll included ten national
team tennis coaches as participants.

3. Question Design: Under the guidance of a TTF board of education licensed
coach and sports scientist, subject area specialists formulated the questions in

the clearest manner possible. The questionnaire questions were analyzed to
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confirm its clarity and alignment with the tennis language utilized in Turkey,
the location of the study.

4. Scale Design: The questionnaire employed a 10-point Likert scale. The
definitions for 1 point and 10 points, representing the extremities of the scale,
were provided in the initial section of the questionnaire.

5. Questionnaire Structuring: Following its original development, the
questionnaire was administered to two level 4 certified tennis coaches at two-
week intervals, and feedback on its clarity, design, and completion duration
was gathered. The questionnaire was completed following the acquisition of
feedback through two iterations, taking the feedback into account. The

complete form of the questionnaire is included in the Appendix.

3.5. Statistical analysis

This study employed a census sampling approach, including all top-ranked young
tennis players who participated in the national training camps across their respective
age categories. Specifically, the top 8 players were selected per age group and invited
to attend the camps. As this represented the entire accessible population of top junior

players for each category, no sample size calculation was required (Creswell, 2012).

Data collected from the various sources were subjected to a multidimensional
analysis to identify the factors that correlate with national rankings. A descriptive
analysis of the data was conducted according to gender and age categories. All
values were reported as means and standard deviations. Pearson correlation
coefficients were utilized to assess the relationships between ranking and
performance determinants. According to the classification established by Hopkins,
Marshall, Batterham, and Hanin (2009), correlation strengths were categorized as
follows: trivial (r <.1), small (.1 <r <.3), moderate (.3 <r <.5), large (.5 <r<.7),
very large (.7 < r < .9), nearly perfect (.9 < r < 1.0), and perfect (r = 1.0). The
significance level was established at p < 0.05. All statistical analyses were
conducted using IBM SPSS Statistics for Windows, Version 28.0 (SPSS Inc.,
Chicago IL).
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CHAPTER 4

RESULTS

4.1. Descriptive Results

The descriptive statistics for chronological age, training age, weekly training volume,
age to start tournament, number of national and international tournaments, number of
official single and double matches, racquet weight, string tension for girls are

represented in Table 3.

Table 3. The descriptive statistics for the chronological age, experience, and racket
specification characteristics of girls by age groups

Ul12 Ul4 ule6
Age Groups
Mean SD Mean SD Mean SD

Chronological age (years) 12.21 0.30 13.68 0.70 15.66 0.68
Training age (years) 5.75 0.65 5.51 1.07 6.75 1.67
Weekly tennis training (hours) 15.81 5.29 2225 8.38 19.88 4.29
Weekly fitness training (hours) 5.81 1.36 7.63 4.78 7.75 3.28
Total weekly training (hours) 21.63 5.82 29.88 7.72 27.63 7.05
Age to start tournament (years) 8.14 1.17 7.58 0.71 8.00 0.59
Number of national tournaments (#) 34.50 6.85 58.13 9.86 61.50 16.67
Number of international tournaments (#) 3.50 2.67 20.75 8.03 31.25 17.20
Number of total tournaments (#) 38.00 7.87 78.88 16.17 92.75 18.54
Number of national single matches (#) 128.00 22.08 218.88 41.33 201.63 51.63
Number of national double matches (#) 23.38 6.14 43.88 10.06 37.13 11.90
Number of international single matches (#) 10.00 10.30 60.00 34.81 67.00 34.55
Number of international double matches (#) 6.00 6.57 41.13 25.09 43.25 24.15
Number of total national matches (#) 151.38 25.80 262.75 40.63 238.75 60.79
Number of total international matches (#) 16.00 16.84 363.88 84.42 110.25 56.50
Number of total matches (#) 167.38 33.47 626.63 118.45  349.00 73.93
Racquet weight (g) 286.25 7.91 290.00 7.56 297.50 5.98
String tension (kg) 23.00 0.60 22.94 0.50 24.13 0.83
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The descriptive statistics for chronological age, training age, weekly training volume,
age to start tournament, number of national and international tournaments, number of
official single and double matches racquet weight, string tension for boys are given
in Table 4.

Table 4. The descriptive statistics for the chronological age, experience, and racket
specification characteristics of boys by age groups

Ul2 Ul4 uUlé6

Age Groups

Mean SD Mean SD Mean SD
Chronological age (years) 12.23 0.44 13.87 0.47 15.70 0.46
Training age (years) 6.56 1.68 5.67 0.82 6.38 1.41
Weekly tennis training (hours) 18.75 3.72 17.17 6.52 21.25 2.76
Weekly fitness training (hours) 5.31 2.79 6.50 4.46 8.56 4.66
Total weekly training (hours) 24.06 4.87 23.67 6.59 29.81 4.66
Age to start tournament (years) 7.92 0.85 7.45 0.50 7.48 0.93
Number of national tournaments (#) 39.88 10.47 56.83 12.51 68.75 13.78
Number of international tournaments (#) 6.25 2.87 16.00 11.47 38.13 15.05
Number of total tournaments (#) 46.13 10.29 72.83 21.31 106.88 17.26
Number of national single matches (#) 146.88 37.84 210.17 5520  236.63 38.99
Number of national double matches (#) 30.63 12.65 41.67 17.91 45.50 11.87
Number of international single matches (#) 18.63 7.09 41.33 29.68 105.88 56.95
Number of international double matches (#) 8.38 4.81 32.17 23.85 71.50 40.42
Number of total national matches (#) 177.50 49.59 251.83  70.66  282.13 44.84
Number of total international matches (#) 27.00 11.51 73.50 53.35 177.38 96.70
Number of total matches (#) 204.50 52.44 32533 11736 459.50 89.09
Racquet weight (g) 280.50 5.78 287.50 4.18 300.63 1.77
String tension (kg) 23.50 0.88 22.92 0.80 23.75 0.71

The dataset encompasses various parameters related to the players’ demographic
information and competitive experience. These ranges offer a comprehensive picture
of the players’ training intensity and competitive involvement. For female athletes,
the chronological age ranges from 11.68 to 16.56 years, while for male athletes, it
spans from 11.55 to 16.40 years. The age at which athletes began participating in
tournaments varies from 6.20 to 9.57 years for girls and from 5.75 to 9.44 years for
boys. Weekly tennis training hours differ across age groups, with girls U12 training
between 7 and 24 hours, girls under 14 (U14) training between 15 and 40 hours, and

girls under 16 (U16) training between 15 and 28 hours. Boys' training hours range
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from 12 to 22 for U12, 9 to 29 for U14, and 16 to 24 for U16. Similarly, weekly
fitness training hours range from 3 to 8 hours for girls U12, 3 to 15 hours for U14,
and 4 to 14 hours for U16. Boys' weekly fitness training hours vary between 3 to 12
hours for U12, 3 to 15 hours for U14, and 4 to 18 hours for U16. The total weekly
training commitments span from 10.5 to 47 hours for girls and 14 to 30 hours for

boys.

In terms of competitive participation, the total number of tournaments varies by age
group. U12 girls participate in 26 to 48 tournaments, while U14 girls compete in 59
to 107 tournaments, and U16 girls in 68 to 120 tournaments. Boys in the U12
category participate in 25 to 58 tournaments, U14 boys in 33 to 90 tournaments, and
U16 boys in 84 to 128 tournaments. National tournament participation for U12 girls
ranges from 26 to 43, while for U12 boys, it ranges from 17 to 52. International
tournament participation for this age group spans from 0 to 7 for girls and 2 to 11 for
boys. U14 girls compete in 48 to 74 national tournaments, while boys participate in
33 to 68, with international participation ranging from 8 to 33 for girls and 0 to 31
for boys. In the U16 category, girls compete in 36 to 82 national tournaments and
boys in 44 to 82, with international tournament participation ranging from 7 to 58 for
girls and 5 to 53 for boys.

The total number of national singles matches also varies across age groups. U12 girls
compete in 99 to 162 matches, while U12 boys play in 80 to 212 matches. U14 girls
participate in 160 to 287 matches, while boys play between 118 and 269 matches.
U16 girls compete in 115 to 280 matches, while boys participate in 158 to 286
matches. The number of doubles matches played by U12 girls ranges from 16 to 35,
while for boys it ranges from 7 to 48. U14 girls play between 28 to 58 doubles
matches, and boys between 14 to 64. For U16 girls, the number of doubles matches
played ranges from 18 to 53, while for boys, it ranges from 32 to 70. Regarding
international singles matches, U12 girls play between 0 and 33 matches, U14 girls
between 21 and 118 matches, and U16 girls between 16 and 110 matches. In doubles,
U12 girls play between 0 and 21 matches, U14 girls between 9 and 88 matches, and
U16 girls between 11 and 75 matches. For boys, the number of international singles
matches is between 6 and 26 in U12, 0 to 68 in U14, and 16 to 207 in U16. Boys'
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international doubles match range from 1 to 13 in U12, 0 to 58 in U14, and 5 to 139
in U16.

In terms of equipment, the string tension of girls' rackets ranges from 22.5 to 24 in
U12, while for boys, it ranges from 21 to 23. In U14, the string tension is between
22.5 and 23.5 for girls and 21.5 to 23.5 for boys. For U16 girls, the range is between
23 and 25, while for boys, it ranges from 22.5 to 25. The racket weight also varies
between categories; in U12, it ranges from 280g to 3059 for girls and from 270g to
285¢ for boys. In U14, the range is between 280g and 300g for girls and 285g to
295¢ for boys. For U16 players, the racket weight is between 285g and 305g for girls
and between 300g and 305g for boys.

The descriptive statistics for body height, body mass, BMI, and body fat percentage
of girls are presented in Table 5.

Table 5. The anthropometrics characteristics of girls

Ul2 Ul4 Ule
Age Groups
Mean SD Mean SD Mean SD
Body height (cm) 159.91 5.76 164.89 5.67 167.19 391
Body mass (kg) 49.23 4.76 56.54 3.56 57.94 3.31
Body mass index (kg/mz) 19.28 1.84 20.79 0.65 20.69 0.90
Body fat percentage (%) 21.46 2.02 22.49 1.82 19.74 3.61

The descriptive statistics for body height, body mass, BMI, and body fat percentage

of boys are given in Table 6.

Table 6. The anthropometrics characteristics of boys

Ul12 Ul14 Ule
Age Groups
Mean SD Mean SD Mean SD
Body height (cm) 155.76 10.09 168.62 13.31 176.16 6.36
Body mass (kg) 43.30 8.21 59.23 18.85 61.44 9.16
Body mass index (kg/m?) 17.74 2.08 20.40 3.72 19.73 1.88
Body fat percentage (%) 16.73 3.56 17.05 4.58 9.40 3.05
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The descriptive statistics for height for age, weight for age, and BMI for age, APHV,
and maturity offset of girls are given in Table 7.

Table 7. The descriptive statistics for physical growth and maturity of girls

Ul12 Ul14 ule
Age Groups
Mean SD Mean SD Mean SD

Height (z-scores) 0.96 0.96 0.87 0.63 0.76 0.53
Height (percentiles) 76.13 24.76 77.10 15.47 74.92 15.65
Body mass (z-scores) 0.55 0.42 0.70 0.15 0.39 0.21
Body mass (percentiles) 69.42 12.63 75.60 4.67 64.93 7.87
BMI (z-scores) 0.16 0.46 0.31 0.16 0.03 0.20
BMI (percentiles) 55.32 16.88 62.14 6.07 50.93 7.95
APHYV (years) 11.61 0.40 11.92 0.27 12.64 0.35
Maturity offset (years) 0.59 0.21 1.74 0.65 3.04 0.47

The heights of U12 girls ranged from the 24th to 98th percentiles, while U14 girls'
heights fell between the 55th and 97th percentiles, and U16 girls were in the 51st to
93rd percentiles. For body mass, U12 girls were between the 52nd and 92nd
percentiles, U14 girls between the 69th and 81st, and U16 girls ranged from the 52nd
to 77th percentiles. When it comes to BMI, U12 girls were in the 41st to 80th
percentiles, U14 girls fell within the 53rd to 70th, and U16 girls ranged from the 41st
to 64th percentiles.

The descriptive statistics for height for age, weight for age, and BMI for age, APHV,

and maturity offset of boys are given in Table 8.

Table 8. The descriptive statistics for physical growth and maturity of boys

Ul12 uUl4 ule6
Age Groups
Mean SD Mean SD Mean SD

Height (z-scores) 0.47 1.06 0.77 1.31 0.68 0.73
Height (percentiles) 60.50 28.69  70.45 36.18 70.89 19.29
Body mass (z-scores) -0.14 0.73 0.51 1.08 0.35 0.55
Body mass (percentiles) 46.15 24.65 63.03 29.34 61.92 18.81
BMI (z-scores) -0.25 0.78 0.19 0.91 -0.25 0.52
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Table 8. (continued)

BMI (percentiles) 43.13 23.17 5431 27.54 40.68 18.78
APHV (years) 13.59 0.58 13.52 0.79 13.77 0.53
Maturity offset (years) -1.19 0.69 0.34 1.22 1.93 0.70

Similarly, U12 boys' heights ranged from the 22nd to 98th percentiles, U14 boys
ranged between the 8th and 99th, and U16 boys were in the 39th to 98th percentiles.
U12 boys' body mass fell between the 7th and 75th percentiles, U14 boys were in the
17th to 99th, and U16 boys ranged from the 38th to 87th percentiles. For BMI, U12
boys ranged from the 3rd to 79th percentiles, U14 boys from the 21st to 96th, and
U16 boys from the 21st to 77th percentiles.

The descriptive statistics for grip strength, countermovement jump, medicine ball
throw, agility, linear sprinting, flexibility, maximum serve speed and aerobic

endurance performances of girls are given in table 9.

Table 9. The descriptive statistics for physical performance parameters of girls

uUl2 uUl4 ulé6
Age Groups Mean SD Mean SD Mean SD
Grip strength (kg) 31.14 2.65 31.71 3.48 33.25 4.61
Countermovement jump (cm) 26.34 2.95 26.74 2.92 26.20 4.26
Medicine ball throw (cm) 612.38 73.81 663.00 51.26  686.88 78.89
T-agility (s) 10.82 0.35 10.83 0.41 10.78 0.65
5 m sprint (s) 1.13 0.06 1.14 0.05 1.16 0.05
10 m sprint (s) 1.95 0.09 1.96 0.05 1.98 0.07
20 m sprint (s) 3.47 0.15 3.47 0.08 3.50 0.14
Sit and reach (cm) 29.49 4.37 31.50 5.72 29.94 6.85
Serve speed (km/h) 126.28 5.67 142.35 6.30 126.65 7.13
Shuttle distance covered (m) 1368.00 218.45 - - 1980.00 150.99
VO2Max (ml/ (kg min) 35.62 4.78 - - 40.30 3.76

The descriptive statistics for grip strength, countermovement jump, medicine ball
throw, agility, linear sprinting, flexibility, maximum serve speed and aerobic

endurance performances of boys are given in table 10.
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Table 10. The descriptive statistics for physical performance parameters of boys

uUl12 Ul4 ul16

Age Groups

Mean SD Mean SD Mean SD
Grip strength (kg) 24.90 4.79 36.52 9.17 48.09 7.44
Countermovement jump (cm) 23.31 2.74 31.40 6.66 34.01 3.35
Medicine ball throw (cm) 521.50 172.34  818.50 167.40  845.63 110.99
T-agility (s) 10.99 0.45 9.87 0.40 9.44 0.35
5 m sprint (s) 1.16 0.07 1.05 0.06 1.02 0.03
10 m sprint (s) 2.01 0.09 1.85 0.05 1.76 0.03
20 m sprint (s) 3.58 0.21 3.28 0.15 3.06 0.03
Sit and reach (cm) 24.78 3.98 23.33 5.43 28.31 10.87
Serve speed (km/h) 118.80 13.80  145.83 16.70 174.20 11.78
Shuttle distance covered (m) 1382.86 167.50 1486.67 162.89 183143 236.32
VO2Max (ml/ (kg min) 36.33 3.67 36.23 3.74 41.10 6.62

The physical performance data across different age groups (U12, U14, and U16)
reflect clear, progressive changes in various metrics for both boys and girls. These
findings demonstrate age-related progression in most physical performance metrics,
with boys generally showing larger improvements in strength and speed compared to

girls as they age.

In grip strength, U12 girls demonstrate a range of 27.70 to 34.80 kg, while U14 girls
range from 26.90 to 38.70 kg, and U16 girls range from 25.90 to 41.10 kg. For boys,
U12 players exhibit lower grip strength values, with a range of 19.20 to 31.90 kg.
However, it increases in U14 boys, with a range from 27.00 to 48.60 kg, and U16
boys display the highest values, ranging from 40.90 to 60.00 kg.

In the countermovement jump test, U12 girls show a jump range of 22.50 to 30.30
cm, U14 girls jump between 23.00 and 31.40 cm, and U16 girls jump between 22.00
and 33.30 cm. Boys show a more noticeable improvement, with U12 boys jumping
between 18.30 and 26.50 cm, U14 boys ranging from 24.70 to 44.10 cm, and U16
boys jumping between 30.40 and 40.70 cm.

In the medicine ball throw, U12 girls show distances between 528.00 and 746.00 cm,
which increase for U14 girls (595.00 to 765.00 cm) and peak for U16 girls (610.00 to
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828.00 cm). For boys, U12 players show a wide range of 373.00 to 880.00 cm, U14
players progress to 627.00 to 1069.00 cm, and U16 boys show a range of 704.00 to
1060.00 cm.

T-agility times decrease with age for both genders. U12 girls range from 10.23 to
11.33 seconds, U14 girls range from 10.09 to 11.38 seconds, and U16 girls range
from 10.08 to 12.23 seconds. For boys, the U12 group has times between 10.40 and
11.68 seconds, U14 boys range from 10.09 to 11.38 seconds, and U16 boys seems to

display an improvement, with times ranging from 8.79 to 9.83 seconds.

In the 5-meter sprint, U12 girls show times between 1.03 and 1.20 seconds, U14 girls
range from 1.10 to 1.22 seconds, and U16 girls show times between 1.07 and 1.26
seconds. Boys show similar trends, with U12 boys ranging from 1.08 to 1.26
seconds, U14 boys from 0.97 to 1.14 seconds, and U16 boys from 0.97 to 1.05

seconds.

In the 10-meter sprint, U12 girls have times ranging from 1.84 to 2.06 seconds, U14
girls range from 1.91 to 2.05 seconds, and U16 girls from 1.91 to 2.08 seconds. Boys
improve more rapidly, with U12 boys ranging from 1.93 to 2.16 seconds, U14 boys
from 1.80 to 1.95 seconds, and U16 boys achieving faster times between 1.70 and

1.79 seconds.

For the 20-meter sprint, U12 girls range from 3.26 to 3.69 seconds, U14 girls from
3.40 to 3.65 seconds, and U16 girls from 3.34 to 3.81 seconds. Boys also show faster
times as they age, with U12 boys ranging from 3.34 to 3.94 seconds, U14 boys
ranging from 3.11 to 3.53 seconds, and U16 boys between 3.02 and 3.10 seconds.

Flexibility, as measured by the sit-and-reach test, also demonstrates variation
between boys and girls. U12 girls range from 22.00 to 35.40 cm, U14 girls from
24.00 to 39.00 cm, and U16 girls from 19.00 to 39.50 cm. Boys display slightly
lower flexibility with the scores 19.50 to 29.80 cm in U12, and 18.50 to 31.00 cm in
U14 but their range broadens in U16 (13.50 to 46.00 cm).

47



When observing serve speed, girls do not show a steady progression. U12 girls serve
between 119.00 and 138.40 km/h, U14 girls between 136.00 and 154.00 km/h, and
U16 girls show a range from 119.40 to 138.00 km/h. In contrast, boys exhibit a clear
progressive increase. U12 boys range from 101.20 to 140.60 km/h, U14 boys from
114.60 to 164.60 km/h, and U16 boys serve between 155.20 and 188.20 km/h.

Lastly, VO2Max, a measure of aerobic capacity, varies across age groups. Girls in
U12 show values between 31.24 and 42.46 ml/kg/min and U16 girls show a broader
range from 36.40 to 43.89 ml/kg/min. Boys exhibit a more consistent improvement
in VO2Max, with U12 boys ranging from 30.60 to 39.97 ml/kg/min, U14 boys from
32.19 to 39.58 ml/kg/min, and U16 boys ranging from 35.96 to 52.56 ml/kg/min.

Table 11 presents the KTKBeam, KTKHop, KTKBoard, KTKJump, and Total KTK

motor quotient scores of girls.

Table 11. The motor coordination performance of girls

Ul12 Ul4
Age Groups
Mean SD Mean SD

KTKBeam 50.25 9.87 55.29 9.79
KTKHop 76.38 2.77 76.00 2.52
KTKJump 93.38 6.12 93.00 9.09
KTKBoard 49 88 3.87 55.43 5.86
TotalKTKMQ 112.13 5.54 113.14 12.02

Table 12 presents the KTKBeam, KTKHop, KTKBoard, KTKJump, and Total KTK
motor quotient scores of boys.

Table 12. The motor coordination performance of boys

Ul12 Ul4
Age Groups
Mean SD Mean SD
KTKBeam 51.25 10.03 58.83 16.23
KTKHop 72.13 7.66 76.17 2.64
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Table 12. (continued)

KTKJump 94.13 7.75 97.67 11.00
KTKBoard 50.25 5.37 56.00 4.90
TotaKTKMQ 113.25 9.69 117.33 10.75

The analysis of KTK beam test reveals that U12 girls exhibit a range from 34 to 61,
while U14 girls demonstrate a slightly wider range from 38 to 71. Similarly, U12
boys' scores vary between 39 and 72, with U14 boys showing a range of 30 to 72. In
KTK jump test, U12 girls achieve scores between 71 and 78, closely followed by
U14 girls whose scores range from 72 to 78. For boys, U12 participants present
scores from 58 to 78, while U14 boys exhibit a slightly narrower range from 71 to
78. KTK hop test performance is often indicative of more complex motor
coordination. It displays broader ranges: U12 girls score between 84 and 102, U14
girls between 81 and 104, U12 boys from 81 to 103, and U14 boys from 84 to 111.

In KTK board test ability, U12 girls score between 45 and 55, while U14 girls show
a wider range of 50 to 66. U12 boys achieve scores from 44 to 62, and U14 boys
from 48 to 62, reflecting similar variability across age groups. Total KTK scores
highlight distinct differences in motor competence across the cohorts. U12 girls'
scores range from 106 to 124, and U14 girls' from 96 to 135, while U12 boys fall
between 102 and 128, with U14 boys scoring between 105 and 131. In relation to age
and gender, each group of scores was transformed into a motor quotient. The total
KTK motor quotient (TotalKTKMQ) scores facilitate the categorization of gross
motor coordination performances into five distinct levels. Values for U12 girls, range
from 106 to 124, and from 96 to 135 for U14 girls. U12 boys demonstrate values
between 102 and 128, and U14 boys between 105 and 131.

The motor coordination levels of girls and boys are presented in Table 13.

Table 13. The motor coordination levels of players

KTK Categories Girls Boys Total Percentile
High 1 1 2 6.90
Good 3 7 10 34.48
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Table 13. (continued)

Normal 11 6 17 58.62
Moderate - - - -

Impairment - - - -

The category classifications place for U12 boys and girls between categories 3 and 4
which means normal to good as a level explanation, while U14 boys and girls fall
into categories between 3 to 5 which is normal to high level. These data reflect that

motor competence scores are higher in the older age group.

The reaction times of girls are presented in Table 14.

Table 14. Reaction time of girls

ul12 Ul4 ule6
Age Groups
Mean SD Mean SD Mean SD
Simple Reaction Time (s)
Hand 0.77 0.07 0.71 0.06 0.52 0.05

Accuracy 94.50 6.77 96.73 4.52 98.00 2.39

Foot 0.88 0.15 0.85 0.15 0.66 0.15
Accuracy 92.56 8.74 97.07 3.80 98.97 1.93
Selective Reaction Time (s)
Hand 120 0.16 1.14 0.10 0.98 0.09
Accuracy 87.73 10.45  91.26 5.99 96.38 4.50
Foot 146 0.32 1.48 0.14 1.20 0.23

Accuracy 92.88 7.35 90.33 9.80 96.20 5.84

Discriminative Reaction Time (s)
Hand 0.73  0.09 0.70 0.05 0.56 0.07
Accuracy 98.12 4.22 98.81 3.15 99.07 1.73
Foot 0.88 0.18 0.86 0.18 0.64 0.11

Accuracy 97.80 245 98.79 2.09 97.37 4.25
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In U12 girls, simple reaction time using the hand ranges from 0.710 to 0.922
seconds, with accuracy levels between 80% and 100%. U14 girls demonstrate times
between 0.643 and 0.807 seconds, with accuracy levels between 89.7% and 100%.
U16 girls exhibit times ranging from 0.450 to 0.607 seconds, with accuracy levels
between 93.5% and 100%.

In selective reaction time using the hand, U12 girls exhibit times between 1.028 and
1.506 seconds, with accuracy between 64.7% and 100%. U14 girls demonstrate times
ranging from 0.966 to 1.252 seconds, with accuracy levels between 81.2% and
100%. U16 girls show times between 0.857 and 1.100 seconds, with accuracy
ranging from 87.5% to 100%.

For discriminative reaction time using the hand, U12 girls exhibit times between
0.581 and 0.894 seconds, with accuracy between 88% and 100%. U14 girls
demonstrate times ranging from 0.620 to 0.767 seconds, with accuracy between
91.7% and 100%. U16 girls show times between 0.465 and 0.686 seconds, with

accuracy levels between 96% and 100%.

For U12 girls, simple reaction time using the foot ranges from 0.649 to 1.109
seconds, with accuracy between 77.78% and 100%. U14 girls demonstrate times
ranging from 0.640 to 1.103 seconds, with accuracy levels between 91.7% and
100%. U16 girls exhibit times between 0.502 and 0.923 seconds, with accuracy
between 95.2% and 100%.

In selective reaction time using the foot, U12 girls demonstrate times between 0.982
and 1.833 seconds, with accuracy levels between 80% and 100%. U14 girls show
response times ranging from 1.345 to 1.759 seconds, with accuracy levels between
71.4% and 100%. U16 girls exhibit times ranging from 0.822 to 1.555 seconds, with

accuracy levels between 84.6% and 100%.

Finally, for discriminative reaction time using the foot, U12 girls show response
times between 0.636 and 1.064 seconds, with accuracy levels between 94.44% and

100%. U14 girls exhibit times ranging from 0.670 to 1.218 seconds, with accuracy
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levels between 95.24% and 100%. U16 girls demonstrate times between 0.476 and
0.823 seconds, with accuracy levels between 88.2% and 100%.

The reaction times of boys are presented in Table 15.

Table 15. Reaction time of boys

U12 ul14 ule
Age Groups

Mean SD Mean SD Mean SD

Simple Reaction Time (s)

Hand 0.72 0.11 0.70 0.11 0.73 0.08
Accuracy 95.51 4.06 96.41 330 9559 4.58
Foot  0.89 0.10 0.89 0.15 0.71 0.22
Accuracy  96.92 3.61 99.24 186 97.92 2.53
Selective Reaction Time (s)

Hand 1.38 0.16 1.23 0.12 1.10 0.11
Accuracy 87.73 1045 91.73 1096 93.26 5.09
Foot 1.67 0.18 1.51 0.18 1.20 0.21
Accuracy 93.45 8.73 94.79 10.01 94.97 4.98

Discriminative Reaction Time (s)
Hand 0.73 0.05 0.61 0.06 0.71 0.08
Accuracy 97.00 5.55 98.42 255 98.18 3.94
Foot 0.92 0.13 0.86 0.12 0.70 0.13

Accuracy 95.63 5.50 94.27 533 9496 4.27

For U12 boys, simple reaction time using the hand ranges from 0.566 to 0.931
seconds, with accuracy levels between 90.5% and 100%. U14 boys demonstrate
response times spanning from 0.583 to 0.845 seconds, with accuracy between 91.7%
and 100%. U16 boys exhibit times ranging from 0.635 to 0.874 seconds, with
accuracy between 88% and 100%.

For selective reaction time using the hand, U12 boys demonstrate times between
1.213 and 1.594 seconds, with accuracy ranging from 66.7% to 100%. U14 boys
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demonstrate times ranging from 1.127 to 1.460 seconds, with accuracy between 75%
and 100%. U16 boys show times ranging from 0.977 to 1.303 seconds, with accuracy
between 86.7% and 100%.

In discriminative reaction time using the hand, U12 boys exhibit times between
0.676 and 0.813 seconds, with accuracy between 88% and 100%. U14 boys
demonstrate times ranging from 0.513 to 0.680 seconds, with accuracy levels
between 94.1% and 100%. U16 boys show times between 0.607 and 0.827 seconds,
with accuracy between 88.9% and 100%.

In U12 boys, simple reaction time using the foot ranges from 0.769 to 1.062 seconds,
with accuracy spanning from 90.5% to 100%. U14 boys exhibit times ranging from
0.654 to 1.093 seconds, with accuracy levels between 95.5% and 100%. U16 boys
show times ranging from 0.566 to 1.225 seconds, with accuracy levels between
93.1% and 100%.

For selective reaction time using the foot, U12 boys demonstrate times between
1.395 and 1.959 seconds, with accuracy between 75% and 100%. U14 boys exhibit
times ranging from 1.204 to 1.685 seconds, with accuracy between 75% and 100%.
U16 boys show response times ranging from 0.858 to 1.503 seconds, with accuracy
levels between 85.7% and 100%.

For discriminative reaction time using the foot, U12 boys exhibit times between
0.756 and 1.096 seconds, with accuracy spanning from 85% to 100%. U14 boys
demonstrate times ranging from 0.734 to 1.042 seconds, with accuracy levels
between 86.7% and 100%. U16 boys show response times ranging from 0.530 to
0.978 seconds, with accuracy levels between 86.7% and 100%.

The mental toughness scores of players are given in Table 16.

Table 16. Mental toughness scores of players

Ul2 Ul4 Ule6
Gender

Mean SD Mean SD Mean SD
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Table 16. (continued)

Girls 5.94 0.63 5.88 0.58 5.85 0.69

6.23 0.53 5.71 0.30 6.14 0.30
Boys

Table 16 presents the mental toughness scores of players across U12, U14, and U16
age groups. Among girls, the mean scores show a slight decline with age, from 5.94
(SD =0.63) in U12 to 5.88 (SD = 0.58) in U14 and 5.85 (SD = 0.69) in U16. In boys,
the highest mean score is observed in U12 (6.23, SD = 0.53), followed by a decrease
in U14 (5.71, SD = 0.30) before rising again in U16 (6.14, SD = 0.30). The standard
deviation values suggest greater variability among girls, whereas boys, particularly in
U14 and U16, exhibit more consistency in their scores. Overall, boys tend to have
higher mental toughness scores than girls across all age groups, with the most
pronounced differences seen in U12 and U16.

4.2. Coaches' Perspectives

Scores of Coaches' perspectives on performance determinants in tennis are given in
Table 17 and Table 18

Table 17. Coaches’ perspective on the contribution of performance measures for

girls
uUl2 ul4 ule6

Age Groups

Mean SD Mean SD Mean SD
Age to start tennis 7.57 2.07 8.00 1.73 8.29 1.89
Weekly training hours (tennis) 7.29 1.70 8.71 0.95 9.57 0.53
Weekly training hours (fitness) 7.00 2.24 8.14 1.57 9.29 1.11
Age to start tournament 6.14 2.12 6.71 1.89 7.71 1.89
Number of national tournaments 6.57 2.15 7.86 1.57 8.14 1.68
Number of international tournaments 6.29 2.50 8.29 0.95 9.29 0.76
Number of single matches 7.00 2.31 8.43 0.53 9.43 0.53
Number of double matches 6.71 1.98 7.43 1.13 8.00 1.41
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Table 17. (continued)

Height

Body mass

Body mass index
Body fat percentage

Growth and biological maturity level

Grip strength

Lower body strength (vertical jump)

Upper body strength (overhead medicine
ball throw)

Agility

5 m sprint

10 m sprint

20 m sprint
Flexibility

Balance

Serve speed

Motor coordination
Reaction time
Aerobic endurance

Mental toughness

6.86

6.86

6.86

7.00

8.29

543

6.43

5.86

8.43

7.00

7.00

7.14

8.00

8.43

543

8.57

7.86

6.57

8.14

1.46

1.68

1.68

1.41

1.25

237

1.72

1.95

1.62

245

1.91

1.86

1.00

1.13

1.72

1.62

1.57

1.81

2.04

7.43

7.57

7.43

7.43

8.71

6.86

7.71

7.57

8.43

8.14

7.71

7.86

7.86

7.57

7.57

9.14

8.71

8.00

8.57

0.79

0.98

1.13

1.13

0.95

2.19

1.38

1.40

1.13

0.38

1.38

1.57

0.38

1.13

1.62

0.90

0.76

1.53

1.13

8.14

8.57

8.29

8.29

9.29

7.57

8.43

8.43

9.14

9.43

8.57

8.57

8.86

9.14

9.14

9.43

9.14

9.14

9.71

1.21

0.79

0.76

1.62

1.51

1.27

1.07

0.79

1.72

1.81

0.90

1.07

0.90

0.79

0.90

0.90

0.49

Table 18. Coaches’ perspective on the contribution of performance measures for

boys
uUl2 Ul4 Ule

Age Groups

Mean SD Mean SD Mean SD
Age to start tennis 8.57 1.13 7.86 1.95 8.29 1.89
Weekly training hours (tennis) 7.14 1.68 8.43 0.98 9.57 0.53
Weekly training hours (fitness) 6.86 2.04 8.14 1.57 9.14 1.46
Age to start tournament 5.86 1.21 7.57 1.27 7.71 1.50
Number of national tournaments 6.43 1.40 8.00 1.53 8.43 1.81
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Table 18. (continued)

Number of international tournaments 6.00 1.91 8.14 0.69 9.43 0.53
Number of single matches 6.57 1.27 8.43 0.53 9.57 0.53
Number of double matches 6.29 0.95 7.57 1.27 8.43 1.40
Height 7.14 0.90 8.43 0.53 8.57 0.79
Body mass 6.86 1.86 8.00 1.15 8.57 0.79
Body mass index 6.57 140 7.57 1.27 857  0.98
Body fat percentage 6.43 1.40 7.57 1.27 8.43 1.13
Growth and biological maturity

7.57 1.27 8.43 0.79 9.29 0.49
level
Grip strength 5.43 1.90 7.14 1.95 7.71 1.70
Lower body strength (vertical jump) 6.43 1.90 7.86 1.21 8.57 1.62
izz:i::i};lslt::f\tz (e 6.14 1.77 7.57 0.98 8.71 1.11
Agility 8.57 1.27 8.86 1.21 9.29 0.76
5 m sprint 7.71 2.29 8.43 0.79 9.00 0.82
10 m sprint 7.29 1.38 8.00 1.15 8.71 1.11
20 m sprint 7.14 1.68 7.86 1.57 8.57 1.81
Flexibility 8.29 0.95 7.86 0.38 8.86 0.90
Balance 8.43 1.13 8.71 0.95 9.29 0.95
Serve speed 5.86 1.95 8.43 1.62 9.43 0.79
Motor coordination 9.00 1.00 8.86 0.69 9.14 0.90
Reaction time 8.14 1.57 8.57 0.79 9.29 0.76
Aerobic endurance 6.86 1.86 8.43 1.13 9.14 0.90
Mental toughness 7.86 2.19 9.14 0.90 9.71 0.49

National team coaches provided scores based on their perspectives from 1 less
important to 10 very important, to the performance determinants in every age group
and the findings are summarized below, highlighting key trends in each category. In
general, they emphasized motor coordination for U12 players and U14 girls, whereas
mental toughness is emphasized for U14 boys and U16 players.
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Regarding to age groups; when U12 boys were observed (table 18) it is seen that age
to start tennis, agility and motor coordination variables are more emphasized, while
the motor coordination variable has the highest scores. For U12 girls (table 17) it is
seen that agility, balance and motor coordination parameters are more prioritized
while the motor coordination has the highest score. When U14 girls’ parameters were
observed, motor coordination, reaction time, growth and maturity level and weekly
tennis training hours are more emphasized with motor coordination having the

highest score.

For U14 boys’ agility, motor coordination and mental toughness parameters were
mostly emphasized with mental toughness having the highest score. Lastly, it is seen
that mental toughness is the most emphasized parameter for U16 players, while
weekly tennis training hours, number of matches and 5 m sprint are next emphasized
for girls, weekly tennis training hours, number of matches and serve speed are next

emphasized for boys.

4.3. Correlational Analysis

In this section, correlational analyses are presented to examine the associations
between various performance determinants and national tennis rankings, where it is
important to note that a lower ranking number corresponds to a higher competitive
performance. The correlations between rankings and chronological age, experiential
characteristics, racquet weight, and string tension in U12 players are given in Table
19. The analysis revealed key factors contributing to national rankings in U12 tennis
players, with notable differences between girls and boys. In U12 girls, there were
very large and negative correlations between international tournament participation (r
=-0.829, p = 0.011) and string tension (r = -0.732, p = 0.039) with rankings, which
means that more participation in international tournaments and higher string tension
was associated with better rankings. In U12 boys, nearly perfect and positive
correlation was found between ranking and age to start tournament (r = 0.917, p =
0.001), indicating that players who started competing earlier tended to have better
rankings. The findings revealed no significant correlations between rankings and the

other variables in U12 players.
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Table 19. The correlation statistics between rankings and chronological age,

experience, and racket specification characteristics in U12 players

U12 Girls Ul12 Boys
Variables
r p r p

Chronological age (years) 0.168 0.691 -0.212 0.614
Training age (years) 0.178 0.673 0.061 0.886
Weekly tennis training (hours) - 0.085 0.841 -0.376 0.359
Weekly fitness training (hours) - 0.482 0.226 -0.402 0.323
Total weekly training (hours) -0.190 0.652 -0.518 0.189
Age to start tournament (years) 0.058 0.892 0.917 0.001**
Number of national tournaments (#) 0.051 0.904 -0.554 0.154
Number of international tournaments (#) -0.829 0.011* -0.142 0.737
Number of national single matches (#) -0.243 0.562 -0.560 0.149
Number of national double matches (#) 0.128 0.762 -0.473 0.237
Number of international single matches (#) - 0.629 0.095 -0.358 0.384
Number of international double matches (#) - 0.595 0.120 -0.188 0.656
Number of total national matches (#) -0.177 0.674 -0.548 0.160
Number of total international matches (#) -0.617 0.103 -0.299 0.472
Number of total tournaments (#) - 0.237 0.572 0.604 0.113
Number of total matches (#) - 0.447 0.267 -0.584 0.129
String tension (kg) -0.732 0.039%* 0.247 0.555
Racquet weight (g) 0.221 0.598 -0.252 0.547

*p<0.05, **p<0.01

The correlations between rankings and body height, body mass, BMI, and body fat

percentage in U12 players are given in Table 20. In U12 girls, body fat percentage (r
= 0.866, p = 0.005) and BMI (r = 0.850, p = 0.008) were very largely and positively

correlated with rankings, suggesting that higher body fat percentage and BMI were

associated with worse rankings. The findings revealed no significant correlations

between rankings and the other variables in U12 girls and no significant correlations

between rankings and any variable for U12 boys.
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Table 20. The correlation statistics between rankings and the body height, body
mass, BMI, and body fat percentage in U12 players.

U12 Girls U12 Boys
Variables
r p r p
Body height (cm) -0.347 0.400 -0.30 0.943
Body mass (kg) 0.556 0.152 0.247 0.555
Body fat percentage (%) 0.866 0.005* 0.560 0.149
Body mass index (kg/m?) 0.850 0.008* 0.478 0.231

*p<0.05, **p<0.01

The correlations between rankings and physical growth and maturity characteristics
in U12 players are given in Table 21. In U12 girls, BMI z-score (r = 0.856, p =
0.007) and BMI percentile (r = 0.862, p = 0.006) were very largely and positively
correlated with rankings, suggesting that higher BMI was associated with worse
rankings. The findings revealed no significant correlations between rankings and the
other variables in U12 girls and no significant correlations between rankings and any
variable for U12 boys.

Table 21. The correlation statistics between rankings and physical growth and
maturity of U12 players.

Variablos Ul12 Girls Ul12 Boys
r p r 4

Height (z-scores) -0.354 0.390 0.045 0.915
Height (percentiles) -0.423 0.296 0.087 0.838
Body mass (z-scores) -0.435 0.282 0.339 0.412
Body mass (percentiles) 0.476 0.233 0.312 0.452
BMI (z-scores) 0.856 0.007* 0.508 0.198
BMI (percentiles) 0.862 0.006* 0.495 0.213
APHYV (years) 0.084 0.843 0.024 0.955
Maturity offset (years) -0.014 0.974 -0.207 0.622

*p<0.05, **p<0.01

The correlations between rankings and physical performance parameters in U12
players are given in Table 22. In U12 girls, grip strength (r = 0.730, p = 0.040),
flexibility (sit-and-reach, r = 0.884, p = 0.004), and motor coordination (KTKMQ, r
= 0.711, p = 0.048) were very largely and positively correlated with rankings, which
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indicates that lower grip strength, lower flexibility and lower motor coordination
were linked to better rankings. The findings revealed no significant correlations
between rankings and the other variables in U12 girls and no significant correlations

between rankings and any variable for U12 boys.

Table 22. The correlation statistics between rankings and physical performance
parameters of U12 players.

Ul12 Girls Ul12 Boys
Variables
r p r p

Grip strength (kg) 0.730 0.040* 0.086 0.839
Sit and reach (cm) 0.884 0.004* 0.265 0.525
Countermovement jump (cm) 0.513 0.194 -0.152 0.719
Medicine ball throw (cm) 0.259 0.536 0.333 0.421
T-agility (s) -0.697 0.055 0.417 0.304
5 m sprint (s) 0.087 0.838 0.528 0.179
10 m sprint (s) -0.113 0.791 0.312 0.451
20 m sprint (s) - 0.380 0.353 0.271 0.516
Shuttle distance covered (m) - 0.637 0.248 -0.368 0.416
VO2Max (ml/ (kg min) -0.632 0.252 -0.351 0.440
Serve speed (km/h) 0.519 0.187 0.028 0.948
TotalKTKMQ 0.711 0.048* 0.626 0.097

*p<0.05, **p<0.01

The correlations between rankings and reaction times in U12 players are given in
Table 23. The findings revealed no significant correlations between rankings and any

variable in U12 players.

Table 23. The correlations between rankings and reaction times of U12 players.

U12 Girls U12 Boys
Variables
r p r p
Hand simple reaction time - 0.422 0.297 0.161 0.704
Hand selective reaction time -0.355 0.389 0.120 0.777
Hand discrimination reaction time -0.176 0.678 0.488 0.220
Foot simple reaction time - 0.088 0.835 -0.099 0.815
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Table 23. (continued)
Foot selective reaction time -0.430 0.287 -0.086 0.839
Foot discrimination reaction time -0.136 0.748 0.250 0.550
*p<0.05, **p<0.01

The correlations between rankings and chronological age, experiential
characteristics, racquet weight, and string tension in U14 players are given in Table
24. In U14 girls, there were no statistically significant correlations (p<0.05) between
rankings and chronological age, training age, weekly training volume, age to start
tournament, number of national and international tournaments, number of official
single and double matches, racquet weight, and string tension. However, some
moderate and negative correlations were observed, particularly with chronological
age (r=-0.601), number of international double matches (r=-0.582), and number of
international single matches (r=-0.518), implying that players with more experience
in international matches tended to have better rankings, despite non-significance. For
Ul4 boys, several performance-related parameters showed very large to nearly
perfect correlations with ranking. The number of national single matches (r=-0.892,
p=0.017), international single matches (r=-0.922, p=0.009), international double
matches (r=-0.970, p=0.001), total national matches (r=-0.865, p=0.026), total
international matches (r=-0.947, p=0.004), total tournaments (r=-0.830, p=0.041),
and total matches (r=-0.951, p=0.004) were all negatively correlated with ranking,
indicating that greater competition experience, especially at the international level, is
strongly associated with better rankings. The findings revealed no significant

correlations between rankings and the other variables in U14 boys.

Table 24. The correlation statistics between rankings and the chronological age,
experience, and racket specification characteristics in U14 players

Ul4 Girls Ul4 Boys
Variables
r p r 4
Chronological age (years) -0.601 0.115 -0.069 0.897
Training age (years) -0.055 0.898 -0.262 0.616
Weekly tennis training (hours) -0.452 0.260 -0.516 0.295
Weekly fitness training (hours) -0.018 0.966 0.204 0.699
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Table 24. (continued)

Total weekly training (hours)

Age to start tournament (years)

Number of national tournaments (#)
Number of international tournaments (#)
Number of national single matches (#)
Number of national double matches (#)
Number of international single matches (#)
Number of international double matches (#)
Number of total national matches (#)
Number of total international matches (#)
Number of total tournaments (#)

Number of total matches (#)

String tension (kg)

Racquet weight (g)

-0.503
-0.427
-0.151
-0.545
-0.049
-0.206
-0.518
-0.582
-0.100
-0.435
-0.362
-0.344
0.383
0.039

0.204
0.292
0.722
0.163
0.909
0.625
0.189
0.130
0.813
0.282
0.378
0.403
0.350
0.928

-0.373
0.228
-0.765
-0.708
-0.892
-0.663
-0.922
-0.970
-0.865
-0.947
-0.830
-0.951
0.033
0.064

0.467
0.664
0.077
0.115
0.017*
0.152
0.009*
0.001*
0.026*
0.004*
0.041%*
0.004*
0.950
0.904

*p<0.05, **p<0.01

The correlations between rankings and anthropometric characteristics in U14 players

are given in Table 25. In U14 girls, there were no statistically significant correlations

(p<0.05) between ranking and other study variables. In U14 boys, the only notable

finding was a very large and negative correlation between body fat percentage and

ranking (r=-0.848, p=0.033), suggesting that higher body fat percentages may be

linked to better performance in U14 boys.

Table 25. The correlation statistics between rankings and the body height, body
mass, BMI, and body fat percentage in U14 players

Ul4 Girls Ul4 Boys
Variables
r P r p
Body height (cm) -0.234 0.577 -0.010 0.985
Body mass (kg) -0.509 0.197 -0.374 0.465
Body fat percentage (%) -0.481 0.227 -0.848 0.033*
Body mass index (kg/m?) -0.533 0.174 -0.497 0.316

*p<0.05, **p<0.01

The correlations between rankings and physical growth and maturity characteristics

in Ul14 players are given in Table 26. There were no statistically significant

correlations (p<0.05) between ranking and study variables in U14 players.
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Table 26. The correlation statistics between rankings and physical growth and
maturity of U14 players

Variables U12 Girls U12 Boys
r p r p

Height (z-scores) -0.024 0.955 0.045 0.933
Height (percentiles) -0.033 0.939 0.202 0.701
Body mass (z-scores) -0.221 0.598 -0.260 0.618
Body mass (percentiles) -0.226 0.590 -0.055 0.918
BMI (z-scores) -0.110 0.795 -0.466 0.351
BMI (percentiles) -0.108 0.798 -0.375 0.463
APHYV (years) -0.484 0.224 0.016 0.976
Maturity offset (years) -0.426 0.293 -0.042 0.937

*p<0.05, **p<0.01

The correlations between rankings and physical performance parameters in U14
players are given in Table 27. There were no statistically significant correlations

(p<0.05) between ranking and any physical performance parameter in U14 players.

Table 27. The correlation statistics between rankings and physical performance
parameters of U14 players

Ul4 Girls U14 Boys
Variables
r p r p

Grip strength (kg) 0.046 0.914 -0.115 0.828
Sit and reach (cm) -0.076 0.857 -0.807 0.052
Countermovement jump (cm) -0.131 0.758 0.792 0.060
Medicine ball throw (cm) -0.107 0.801 0.061 0.909
T-agility (s) 0.305 0.463 -0.038 0.943
5 m sprint (s) 0.252 0.547 -0.094 0.860
10 m sprint (s) 0.262 0.530 0.130 0.806
20 m sprint (s) 0.399 0.327 -0.132 0.804
Shuttle distance covered (m) 0.186 0.724 0.921 0.255
VO2Max (ml/ (kg min) -0.035 0.948 0.988 0.099
Serve speed (km/h) -0.320 0.440 -0.323 0.532
TotaKTKMQ 0.212 0.648 -0.030 0.955

*p<0.05, **p<0.01
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The correlations between rankings and reaction times in U14 players are given in
Table 28. There were no statistically significant correlations (p<0.05) between

ranking and reaction times in U14 players.

Table 28. The correlations between rankings and reaction times of U14 players

Variablos Ul4 Girls Ul4 Boys
r p r p

Hand simple reaction time -0.124 0.792 0.555 0.253
Hand selective reaction time -0.366 0.420 0.594 0.213
Hand discrimination reaction time 0.664 0.104 0.172 0.745
Foot simple reaction time 0.090 0.849 0.755 0.083
Foot selective reaction time 0.597 0.157 0.482 0.333
Foot discrimination reaction time -0.018 0.969 -0.256 0.625

*p<0.05, **p<0.01

The correlations between rankings and chronological age, experiential
characteristics, racquet weight, and string tension in U16 players are given in Table
29. In U16 girls, the total number of matches played (r=-0.730, p=0.040) was very
largely and negatively correlated with rankings. It emphasizes that increased match
experience was positively associated with better ranking within this group. For U16
boys, the number of international double matches (r=-0.759, p=0.029) and total
international matches (r=-0.722, p=0.043) were very largely and negatively
correlated with ranking, emphasizing the role of international competition experience
in performance. More participation in international tournaments is related to better
rankings. There were no statistically significant correlations (p<0.05) between

ranking and the other variables in U16 players.

Table 29. The correlation statistics between rankings and the chronological age,
experience, and racket specification characteristics in U16 players

U16 Girls U16 Boys
Variables
r p r p
Chronological age (years) 0.159 0.707 0.038 0.929
Training age (years) 0.210 0.618 0.476 0.233
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Table 29. (continued)

Weekly tennis training (hours)

Weekly fitness training (hours)

Total weekly training (hours)

Age to start tournament (years)

Number of national tournaments (#)
Number of international tournaments (#)
Number of national single matches (#)
Number of national double matches (#)
Number of international single matches (#)
Number of international double matches (#)
Number of total national matches (#)
Number of total international matches (#)
Number of total tournaments (#)

Number of total matches (#)

String tension (kg)

Racquet weight (g)

0.102
0.408
0.252
0.082
- 0.420
-0.014
-0.548
-0.512
-0.451
-0.164
- 0.566
- 0.346
- 0.390
- 0.730
- 0.070
0.098

0.810
0.315
0.547
0.847
0.301
0.975
0.159
0.194
0.262
0.698
0.144
0.401
0.339

0.040*

0.869
0.818

0.316
-0.041
0.147
0.233
0.516
- 0.331
0.427
0.192
-0.688
-0.759
0.422
-0.722
0.123
- 0.571
0.165
-0.247

0.445
0.924
0.728
0.579
0.190
0.423
0.291
0.649
0.059
0.029*
0.298
0.043*
0.771
0.139
0.696
0.555

*p<0.05, **p<0.01

The correlations between rankings and anthropometric characteristics in U16 players

are given in Table 30. Although not significant, for U16 girls, body height showed a

moderate positive correlation (r=-0.661, p=0.074), supporting the trend where shorter

players may achieve better rankings. In U16 boys, despite non-significance, BMI

(r=-0.570, p=0.140) exhibited moderate and negative correlations with ranking,

suggesting that players with higher BMI may have an advantage, although these

findings were not statistically significant. There were no statistically significant

correlations (p<0.05) between ranking and the other variables in U16 players.

Table 30. The correlation statistics between rankings and the body height, body
mass, BMI, and body fat percentage in U16 players

Ul16 Girls U16 Boys
Variables
r p r p
Body height (cm) 0.661 0.074 -0.111 0.794
Body mass (kg) 0.263 0.528 -0.423 0.297
Body fat percentage (%) -0.521 0.186 -0.273 0.513
Body mass index (kg/m?) -0.414 0.308 -0.570 0.140

*p<0.05, **p<0.01
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The correlations between rankings and physical growth and maturity characteristics
in U16 players are given in Table 31. For U16 girls, the only notable finding was a
very large and positive correlation between rankings and height percentiles (r=-
0.710, p=0.048), which means that shorter stature is linked with better rankings.
There were no statistically significant correlations (p<0.05) between ranking and the
other variables in U16 players.

Table 31. The correlation statistics between rankings and physical growth and
maturity of U16 players

Variablos U16 Girls U16 Boys
r p r p

Height (z-scores) -0.672 0.068 -0.113 0.791
Height (percentiles) 0.710 0.048* -0.113 0.791
Body mass (z-scores) -0.204 0.628 - 0.440 0.276
Body mass (percentiles) 0.216 0.607 - 0.445 0.270
BMI (z-scores) - 0.502 0.205 - 0.602 0.114
BMI (percentiles) -0.498 0.209 - 0.601 0.115
APHV (years) -0.360 0.381 0.592 0.122
Maturity offset (years) 0.475 0.234 - 0.083 0.845

*p<0.05, **p<0.01

The correlations between rankings and physical performance parameters in U16
players are given in Table 32. The only notable finding for U16 boys was a very
large and negative correlation between rankings and medicine ball throw (r=-0.759,
p=0.029). It emphasizes the role of upper-body power in performance. There were no
statistically significant correlations (p<0.05) between ranking and the other physical

performance parameters in U16 players.

Table 32. The correlation statistics between rankings and physical performance
parameters of U16 players

U16 Girls U16 Boys
Variables
r p r p
Grip strength (kg) - 0.249 0.552 -0.114 0.788
Sit and reach (cm) 0.517 0.189 - 0.560 0.149
Countermovement jump (cm) 0.454 0.259 -0.084 0.842
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Table 32. (continued)

Medicine ball throw (cm) - 0.654 0.079 -0.759 0.029*
T-agility (s) -0.232 0.580 0.564 0.145
5 m sprint (s) -0.412 0.310 0.357 0.385
10 m sprint (s) - 0.188 0.656 0.309 0.456
20 m sprint (s) - 0.047 0.911 0.021 0.960
Shuttle distance covered (m) 0.596 0.593 -0.392 0.385
VO2Max (ml/ (kg min) 0.559 0.623 -0.331 0.468
Serve speed (km/h) 0.483 0.226 -0.265 0.525

*p<0.05, **p<0.01
The correlations between rankings and reaction times in U16 players are given in
Table 33. There were no statistically significant correlations (p<0.05) between

ranking and reaction times in U16 players.

Table 33. The correlations between rankings and reaction times of U16 players

vrial® U16 Girls U16 Boys
r P r p

Hand simple reaction time 0.630 0.094 - 0.160 0.705
Hand selective reaction time 0.162 0.701 0.473 0.236
Hand discrimination reaction time 0.385 0.347 -0.132 0.755
Foot simple reaction time - 0.360 0.382 0.110 0.795
Foot selective reaction time -0.118 0.782 0.065 0.878
Foot discrimination reaction time 0.336 0.415 0.257 0.540

*p<0.05, **p<0.01

The correlations between rankings and mental toughness scores in U16 players are
given in Table 34. Although not significant, for U16 girls, mental toughness (r=-
0.636, p=0.090) exhibited a moderate and negative correlation with ranking,
suggesting that players with higher mental toughness may have an advantage,

although these findings were not statistically significant.
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Table 34. The correlations between rankings and the mental toughness of players.

Mental toughness

Age Groups
r p

Boys -0.061 0.886
Ul2

Girls 0.448 0.266

Boys -0.346 0.502
Ul4 :

Girls 0.288 0.489

Boys -0.636 0.090
Uleé :

Girls -0.180 0.670

*p<0.05, **p<0.01

To sum up, this study aimed to assess the associations between national rankings and
the physical, functional, psychological and experiential characteristics of top junior
tennis players in the U12, U14, and U16 age categories. The findings partially
support the study’s hypotheses. Among experiential variables, significant
correlations with ranking were found in all groups except U12 boys and U14 girls.
However, no single variable consistently correlated with national ranking across all
age categories and both genders. The study also explored coaches’ perspectives on
the key factors of performance in top-ranked junior tennis players. These results
support the hypothesis, as coaches’ priorities regarding performance variables

differed by both age and gender.
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CHAPTER 5

DISCUSSION

Identifying and nurturing talented young tennis players is a critical aspect of long-
term success in the sport, as early performance indicators can shape future
competitive achievements. Understanding the key determinants of ranking success
provides valuable insights for optimizing training programs and talent development
strategies. This study aims to conduct a comprehensive examination of the numerous
aspects that influence a player's ranking, including demographic, experience,
training-related, physical, technical, and psychological qualities. In addition, coaches'
perspectives on performance determinants were considered. The results highlight
significant correlations between performance determinants and national rankings,
demonstrating the complex dynamics of talent identification in young tennis players.
Initial tournament experience (U12 boys), body composition (body fat percentage in
U12 girls and U14 boys; BMI in U12 girls), and physical qualities such as grip
strength and flexibility (U12 girls) were correlated with ranking. Power and
coordination were essential components, as demonstrated by the medicine ball throw
in U16 males and motor coordination in U12 females. Competitive experience
factors (U14 and U16 players) were linked to higher rankings. Additionally, 41.4%
of participants performed above the normal level in motor coordination (KTK),
underscoring its role in early development. Coaches highlighted motor coordination
as a key factor for U12 and U14 girls, while mental toughness was emphasized for
Ul4 boys and U16 players, suggesting an evolving emphasis on psychological

resilience as players progress.

The findings indicated no significant correlation between rankings and the growth
and maturity status of U12, Ul4, and U16 players, align with some studies while
contrasting with others. Research by Lopez-Plaza et al. (2023) found that maturity
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status did not significantly influence motor performance in young tennis players,
except for jJump height in males, suggesting that biological maturation alone may not
be a key determinant of success in junior tennis. Similarly, Sogit et al. (2023)
examined growth and maturity in young elite and sub-elite tennis players, finding no
significant differences among national, main draw, and qualifying male players in
terms of growth and maturity variables. However, in female players, those at higher
competitive levels were significantly more advanced in maturation and had higher
BMI than lower-ranked players, indicating that the role of maturity may vary based
on gender. Baxter-Jones et al. (1995) asserts that early-maturing athletes may have
benefits in strength, speed, and power, leading to enhanced performance levels.
Malina et al. (2004) assert that physical growth and skeletal maturity substantially
influence motor performance, indicating that early maturation may provide a
competitive edge in physically demanding sports. The variability in these results may
stem from sport-specific demands, measurement inconsistencies, or the diminishing
influence of maturation on performance as athletes approach full maturity. In tennis,
where technical skill, tactical intelligence, and mental toughness are essential in
addition to physical talents, growth and maturity may not correlate as strongly with
competitive success as in other sports. This indicates that although physical growth
is significant, other multifaceted aspects, including training quality, experience, and
psychological preparedness, probably exert a more substantial influence on the

rankings of young tennis players.

Research suggests that reduced grip strength and flexibility are associated with
higher rankings in U12 females, indicating that lower upper-body strength and
mobility did not hinder performance at this level and may even improve movement
efficiency or technical execution. Conversely, elevated upper-body power (medicine
ball throw) correlated with superior rankings in U16 boys, underscoring the growing
significance of strength and explosiveness as players develop. No substantial
relationships were identified between rankings and other physical fitness
characteristics, such as countermovement jump, sprint times (5, 10, and 20 meters),
shuttle run performance, and reaction time, across all age groups. This suggests that
while physical fitness remains a key component of overall athletic development, it

may not be the primary determinant of ranking success in junior tennis. This
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underscores the need for an age-specific approach to physical development, ensuring
that training priorities align with the changing demands of competitive tennis.

These findings challenge traditional perspectives that emphasize grip strength,
flexibility, and general physical conditioning as key contributors to performance.
Studies such as Kovacs (2006) and Roetert et al. (2007) emphasize the importance of
grip strength for racket control and shot stability and flexibility for movement
efficiency and injury prevention, yet this research indicate that these factors may not
be crucial for success in younger age groups. However, the positive correlation
between upper-body power and rankings in U16 boys supports research by Sanchez-
Pay et al. (2021), which found a significant positive correlation between the
medicine ball throw (shot put) and serve velocity in professional players highlights
the increasing relevance of explosive strength in older junior players, particularly in
serve power and shot effectiveness.

The absence of significant correlations between countermovement jump, speed,
endurance, and reaction time and rankings in this study aligns with research
suggesting that technical skills, tactical intelligence, and match experience often
outweigh pure physical attributes in competitive junior tennis (Kramer et al., 2017).
A study by Vuong et al. (2021) investigating physical determinants in elite junior
tennis players indicated that while "Change of Direction (COD) Speed" linked with
ranking positions, the overall relationship between physical attributes and rankings
was less substantial than anticipated. This suggests that technical and tactical skills
may be more crucial in determining success at the junior level (Vuong et al., 2021).
Volk et al. (2023) found that change of direction performance metrics, such as tennis
modified 505 time and tennis modified 505 time_change of direction, demonstrated
significant correlations with ranking positions among girls. Additionally, maximal
power demonstrated a significant correlation with ranking positions in female
players. These findings suggest that specific physical attributes, notably change of
direction performance and power output, are relevant to competitive success in elite
junior female tennis players. While explosive power, speed, and endurance
contribute to general athleticism, their direct impact on rankings may be limited,

especially in younger age groups where players rely more on court positioning, shot
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consistency, and strategic play. The lack of correlation with reaction time supports
the idea that anticipatory skills and decision-making may be more important than
reflex alone. For instance, Shim et al. (2005) found that skilled players were
significantly more accurate than novices in anticipating stroke type and direction,
utilizing movement-pattern information to reduce response delays. Similarly, Triolet
et al. (2013) observed that anticipation behaviors occurred predominantly in
situations where players faced tactical disadvantages, suggesting reliance on

contextual cues and early information to predict opponents’ shots.

Motor competence, as assessed by the KTK test appears to be positively correlated
with ranking in U12 girls, while the correlation in other groups (U12 boys and U14
players) is not significant. This suggests that in younger female players, lower motor
competence may be associated with better ranking. However, this relationship is not
as evident in boys or older players. When considering the motor coordination levels
of the players based on KTK percentiles, the majority fall into the “Normal” category
(58.62%), followed by the “Good” category (34.48%), with only a small portion
classified as “High” (6.90%). Notably, no players were categorized as having
“Moderate” or “Impairment” levels of motor coordination. This distribution indicates
that most young tennis players in the study possess at least an average level of motor
coordination, which is expected given their engagement in an intensive sport

requiring well-developed movement skills.

Motor coordination is a fundamental component of athletic performance, particularly
in skill-based sports like tennis. Study findings contrast with much of the existing
literature, which generally associates higher motor competence with better
performance in sports requiring complex movement patterns, such as tennis (Sogiit,
2017). However, several possible explanations could clarify why this relationship
appears reversed in U12 girls and absent in other groups Coordination development
is indeed influenced by maturation and growth spurts, which vary widely in U12
players. Corso (2018) indicates that during the adolescent growth spurt, movement
coordination tends to deteriorate, likely due to rapid changes in body dimensions and

muscle-tendon stiffness.
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At younger ages, particularly in tennis, technical skill development and training
hours may play a more critical role than general motor coordination. Players with
lower KTK scores might compensate for reduced general coordination with superior
tennis-specific skills (e.g., stroke technique, anticipation, and tactical awareness).
Prior research has shown that early sport specialization may lead to enhanced
performance in technical aspects of the game, despite lower general motor
competence (Myer et al., 2015).

A comprehensive review titled "Performance Parameters in Children and Adolescent
Athletes” highlights that success in sports is dependent on numerous mental and
physical components, including somatotype, motor skills, age, nutritional status,
physiology, psychology, training level, genetic endowment, and injury risk (Birrer &
Levine, 1987). The review emphasizes that while motor skills are crucial, other
factors such as psychological attributes and training levels gain prominence as
athletes mature. This aligns with the observation that the lack of significant
correlation between motor competence and performance in U12 boys and Ul4
players suggests that motor competence alone may not be a strong predictor of
performance at later stages. As players develop, technical skills, tactical awareness,
and psychological attributes become increasingly important in determining

competitive success.

Study results are aligned with Sogiit (2016), as none of the participants performed
below the normal level in motor coordination, with 40.6% performing above normal.
The gross motor coordination levels of junior tennis players aged 6-14 were assessed
using the KTK. No significant gender differences were found, and while older

players had better raw scores, age did not significantly affect motor quotient scores.

On the other hand, some studies have found stronger relationships between motor
competence and sports performance across all age groups, especially in sports
requiring dynamic movements and coordination under pressure, is supported by
existing literature. For instance, a meta-analysis by Utesch et al. (2019) found a
moderate to large positive relationship between motor competence and physical

fitness, which strengthens with increasing age. The discrepancy in findings across
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studies could indeed be attributed to factors such as sample size variations,
differences in training backgrounds, or the level of competition among players.

For U12 boys and older players (U14 and U16), motor coordination does not appear
to have a direct relationship with ranking. This suggests that as players progress,
other performance factors (e.g., strength, agility, endurance, technical and tactical
skills, and mental resilience) may become more critical than general coordination. A
study on young soccer players indicated that while motor coordination levels
improve with age, the differences among age groups are not significant when
adjusted for age, suggesting that factors beyond motor coordination play a more
substantial role in performance as players mature (Dirik & So6git, 2021).
Additionally, a study examining elite youth soccer players found that maturity status
influenced performance in speed and agility tests, highlighting the importance of
physical development stages over motor coordination alone (Rommers et al., 2018).

Although motor proficiency is typically considered essential for success in sports, its
significance in tennis seems to be more complex. Research indicates that among U12
girls, decreased KTK scores may correlate with elevated rankings, due to sport-
specific adaptations, training focus, and other performance variables compensating
for general coordination deficiencies. As players progress, motor coordination
diminishes in importance, underscoring that tennis success is influenced by a

complex interplay of technical, physical, and psychological factors.

This study analyzed serve speed (km/h) as a technical indicator to investigate its
correlation with player rankings. The correlation analysis among all age categories
(U12, U14, and U16) revealed no statistically significant relationship between serve
speed and ranking, suggesting that increased serve velocity does not inherently lead

to higher competitive performance in young tennis players.

These findings correspond with prior research highlighting the complex nature of
service efficacy. A study of junior tennis players aged 11-14 revealed that elite
players not only achieved greater serve speeds but also displayed enhanced motor

coordination, indicating that elements beyond serve speed, such as coordination and
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technical skill, are vital for performance at the junior level (S6giit, 2017). From a
technical standpoint, serve speed is a crucial but isolated metric in evaluating a
player's overall serving competence. In tennis, an effective serve is characterized by
speed, precision, spin, tactical variation, and consistency (Kovacs & Ellenbecker,
2011). Multiple studies have demonstrated that although serve speed enhances a
player's attacking capability, the placement and tactical application of various serve
types (such as slice, kick, and flat serves) are often more vital in competitive
contexts. This is particularly noticeable in junior programs, when players improve
their technical capabilities. Research reveals that junior players exhibit a lower
frequency of serves landing near the lines compared to professionals, underscoring a
developmental component of serve precision and strategy (Kovalchik & Reid, 2017).
Moreover, serve biomechanics and kinetic chain efficiency are essential to serve
performance. Research indicates that serving technique, body synchronization, and
the timing of force application substantially affect serve efficacy, surpassing the
significance of speed alone (Girard et al., 2007). This could explain why some
players with moderate serve speed may achieve higher rankings by compensating

with better placement, spin, or tactical serve selection.

In contrast to study findings, serve speed has been identified as a critical factor
influencing match outcomes in professional tennis. Players with exceptionally fast
serves, who averages first serves at 136 mph and has recorded speeds up to 144 mph,
often dominate their service games, making it challenging for opponents to break
serve (Carayol, 2025). However, in youth tennis, where players are still developing
physically and technically, serve speed alone may not be the best predictor of
success. A comprehensive evaluation of technical skills—including serve accuracy,
consistency, and tactical adaptability—is essential. A prospective study involving
male youth tennis players (average age 13.4 years) found that both ball speed and
accuracy were significant predictors of current and future performance. Notably,
future elite players demonstrated greater accuracy, especially in variable game
situations that required adaptive responses, highlighting the importance of tactical
adaptability in addition to serve speed (Kolman et al., 2021). In conclusion, while
serve speed is a valuable technical indicator, its limited correlation with rankings in

young players suggests that technical proficiency in serving should be evaluated
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multidimensionally, incorporating accuracy, spin, and strategic serve patterns to

better understand its role in competitive success.

The correlation results suggest that mental toughness did not show a significant
relationship with rankings in U12, U14 and U16 players. Jean Piaget's theory of
cognitive development posits that children generally enter the formal operational
stage between the ages of 11 and 14, during which they cultivate abstract reasoning
abilities. Before this period, during the concrete operational period (about 7 to 11
years), children's cognition is predominantly centered on tangible things and
experiences. They begin to understand logical processes but have difficulties with
abstract concepts. This developmental trajectory suggests that younger children rely
more on physical attributes and concrete reasoning, while the capacity for abstract
thinking and the influence of psychological factors grow more pronounced during
puberty (Piaget, 2005). The shift from concrete to abstract thinking aligns with the
observation that younger players tend to depend more on physical characteristics,
such as agility and reaction time, whereas psychological attributes, including abstract
reasoning and strategic thinking, become more significant in later developmental
phases. Additionally, self-reported measures of mental toughness may not fully

capture its impact on competitive performance.

Although it is not significant, dataset reveals a moderate negative correlation in U16
boys (r = -0.636, p = 0.090), indicating that higher mental toughness is associated
with better rankings in this group. The emerging significance of mental toughness in
U16 boys suggests that it may play a growing role in distinguishing top-ranked
players, supporting findings from Jones et al. (2002) that mental toughness becomes
more influential at higher competitive levels. This aligns with previous research
(Cowden, 2016), which highlights mental toughness as a key determinant of success
in tennis, particularly in high-pressure situations. However, the lack of significant
correlations in younger age groups may indicate that its impact develops over time.
Future studies with longitudinal tracking and alternative psychological assessments

could further clarify the role of mental toughness in junior tennis performance.

The correlation analysis of experience, training, and competition exposure variables

provides several important insights into junior top-ranked tennis players'
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performance. Training age and weekly training hours showed weak and non-
significant relationships with rankings, suggesting that increasing training volume
alone does not necessarily lead to higher rankings. This supports findings that
highlight the significance of well-organized and focused training programs, which
tend to be more effective than merely extending training hours (Reid et al., 2009). In
U12 boys, early participation in tournaments was significantly associated with higher
rankings, underscoring the importance of early competitive exposure for long-term
success. A study investigating the career trajectories of tennis players identified a
correlation between the competitive level at which players secure their initial victory
and their probability of attaining elite status. Early successes in prestigious
competitions may positively influence subsequent performance (Zappala et al.,
2024). Conversely, numerous studies suggest that delayed specialization, in which
young athletes engage in multiple sports before committing to tennis, may provide
benefits such as reduced injury risks and lower burnout rates (DiFiori et al., 2014).
While early rivalry may promote ranking improvement, the long-term effects of

intense competition in youth require thorough examination.

A notable correlation was identified between the number of international
tournaments and rankings in U12 females, indicating that increased participation in
international tournaments is associated with higher rankings. A greater frequency of
national and international matches in the U14 and U16 boys’ categories correlated
with improved rankings. A significant correlation is observed between the total
number of matches and rankings among U16 girls. Highlighting the necessity of
competition exposure for skill development and consistent performance. This aligns
with research demonstrating that match experience is crucial for skill development
and cognitive performance (Garcia-Gonzalez et al., 2015). The notable correlations
related to international match numbers indicate that exposure to high-level
competition enhances performance, corroborating research that elite-level rivalry
promotes adaptation and development (Schinke et al.,, 2012). The findings
underscore the significance of tournament participation and competitive exposure in
attaining elevated rankings, suggesting that organized competitive experience is

crucial for the advancement of tennis players.
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Nevertheless, opposing research cautions against excessive involvement in
tournaments. Studies indicate that persistent competition among youth athletes,
lacking adequate recovery, can result in physical and mental fatigue, negatively
impacting long-term performance and heightening injury risk (Brenner et al., 2024).
A study of elite youth tennis players indicated that although match experience is
crucial, an overly demanding tournament schedule may restrict opportunities for

technical development and organized training (Carter, 2021).

The results indicate that exposure to international competition significantly
influences ranking enhancement, whereas training age and weekly training hours
show no definitive association with performance. This corresponds with studies
emphasizing the significance of match experience in skill enhancement and decision-
making (Del Villar et al., 2007). Contradictory evidence (Bompa & Buzzichelli,
2019; Meeusen et al., 2013) indicates that overtraining and heightened
competitiveness, in the absence of sufficient rest, may result in a stagnation or
deterioration of performance. The results underscore the significance of match play
in enhancing ranks; yet it is essential to equilibrate competition and training to

maximize long-term progress.

Coaches' insights indicate a developmental hierarchy in performance attributes,
highlighting the importance of motor coordination and technical skills in younger
athletes (U12 males, U12 females, and U14 females), while stressing the essential
role of mental resilience in older groups (U14 males, U16 males, and U16 females).
This is consistent with the findings of Robertson et al. (2018), who identified agility,
ball skills, and hand-eye coordination as critical attributes for younger players,
emphasizing their significance in core skill development and adaptability.
Furthermore, research conducted by Vandorpe et al. (2011) and Lidor et al. (2009)
emphasizes the significance of motor coordination in the initial stages of athletic
development for skill acquisition and sustained sports performance. Busuttil et al.
(2024) also emphasized coaches' overarching emphasis on technical proficiency,
including grip postures, to establish biomechanical efficiency in the early stages of
growth. As athletes develop, the growing demands of competition prioritize

psychological resilience, a trend corroborated by Crespo et al. (2024), who reported
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that experienced coaches incorporate mental skills (e.g., concentration, emotional
regulation) into training to navigate high-pressure performance scenarios. This
transition reflects tactics identified by Weinberg and Jackson (1990), including
confidence modeling and verbal persuasion, which are essential for enhancing self-
efficacy in older athletes. Collectively, these findings reflect a structured
developmental framework in tennis coaching, where early motor and technical
foundations enable later psychological readiness, aligning training priorities with

athletes’ evolving competitive needs.

When evaluating the connection between the study variables and coaches’
perspectives, a strong alignment is observed in several key areas. Coaches
emphasized the importance of early tournament exposure, consistent match play, and
international competition experience as critical factors for player development and
success — which aligns with the study’s findings. In both U12 boys and U16 groups,
early tournament participation and greater match volume, particularly at the
international level, were significantly associated with better national rankings.
Similarly, coaches highlighted physical fitness elements such as upper body power
and mental toughness, which corresponds to the observed correlations between
medicine ball throw performance, mental toughness, and improved rankings in U16
boys. In U14 boys, coaches’ views on the value of extensive competition exposure
were supported by strong negative correlations between total match numbers and
ranking. Conversely, in some cases, such as the positive correlation between lower
grip strength, flexibility, and motor coordination with better rankings in U12 girls,
the findings appear to contrast with traditional coaching assumptions that prioritize

higher scores in these domains.

These discrepancies suggest that coaches’ perspectives may need to be reevaluated or
that other contextual factors (e.g., playing style, tactical intelligence, early
specialization) not directly captured in the current dataset might influence these
relationships. Overall, most of the statistically significant findings are largely
consistent with the coaches’ performance evaluations, reinforcing the value of their
experiential insights while also highlighting areas where objective data can refine or

challenge conventional beliefs.
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5.1. Limitations and recommendations for future studies

Injuries present a limitation, as players who are unable to perform at their full
capacity or who miss testing sessions due to injury may not be accurately represented
in the dataset. This could impact the overall findings, as performance assessments
may not always reflect a player's true potential when health-related constraints are
involved. Additionally, the study's primary limitations lie in the tactical dimension.
The absence of a dedicated tactical parameter means that key strategic aspects of
match play, such as shot selection, adaptability, and positioning, are not directly
assessed. In the psychological domain, the study focuses on mental toughness, but
additional dimensions like concentration and motivation could provide a more
comprehensive understanding of psychological resilience in young tennis players.
Similarly, in the technical aspect, the current study evaluates maximum serve speed,
incorporating accuracy parameter and assessments of other shots, such as
groundstrokes and volleys, could enhance the technical analysis. Expanding these
areas in future research could contribute to a more multidimensional approach to
determinants of performance in top-ranked young tennis players and development in

tennis.

5.2. Practical implications

The results of this study provide clear, evidence-based guidance for coaches, sports
scientists, and tennis federations aiming to optimize player development and ranking
progression. A key takeaway is that competition experience, particularly at the
international level, has a nearly perfect association with higher rankings across all
age groups. Coaches and federations should prioritize structured competition

pathways that expose young players to higher levels of play early in their careers.

For U12 players, the findings emphasize the importance of international tournament
participation, particularly for girls, where more experience at this level was strongly
linked to better rankings. Equipment choices also play a role, as lower string tension
was associated with higher rankings, possibly due to improved power. Interestingly,

lower grip strength, flexibility, and motor coordination scores correlated with better
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rankings in U12 girls, suggesting that excessive focus on these attributes may not be
beneficial at this stage. Training should concentrate on improving sport-specific
movement efficiency and offering match-play experience. In U12 boys, commencing
tournament involvement at a younger age was significantly associated with enhanced

rankings, highlighting the significance of early engagement in competitive settings.

The volume of international and national matches significantly impacted Ul4
players, particularly males. U14 boys who engaged more frequently in singles and
doubles matches, particularly at the international level, achieved significantly higher
rankings, underscoring the necessity for organized match scheduling and competitive
strategy.  Significantly, an elevated body fat percentage was associated with
enhanced performance in this cohort, indicating that extreme leanness may not
universally confer an advantage and that personalized physical development should
be considered. No statistically significant associations were seen in U14 females;
nevertheless, trends indicated that increased experience in international singles and
doubles matches may enhance ranks. Coaches ought to promote tournament
participation while also emphasizing progressive development tactics customized to

each player's growth trajectory.

The significance of competitive experience for U16 players persisted robustly. In
U16 females, an increased total match volume correlated with superior ranks,
underscoring the necessity for regular match participation at this level. Notably,
reduced height exhibited a significant link with superior rankings, indicating that
achievement in this domain may be affected by playstyle modifications that prioritize
agility and movement efficiency. In U16 boys, upper body power, as assessed by the
medicine ball throw, and participation in international doubles matches were
significantly correlated with elevated ranks. Coaches must incorporate power-based
training while guaranteeing that players have significant international match
experience. Despite lacking statistical significance, mental toughness had moderate
relationships with ranking, indicating that psychological resilience may contribute to

performance.

The findings have obvious consequences for stakeholders in junior tennis

development: coaches should prioritize international match experience, tailor training
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to age-specific requirements, and emphasize sport-specific adaptations over general
physical traits. Parents must be apprised of the significance of organized competition
timelines and pragmatic expectations about physical growth, ensuring that players
are not coerced into achieving superfluous physical standards that may not enhance
performance. Federations, academies, and clubs may establish organized competition
routes that offer early international exposure, especially for U12 and U14 players,
while also facilitating physical and mental development programs aligned with
performance trends. Strength and conditioning experts may customize training
regimens according to age-specific ranking factors, prioritizing power enhancement
in older demographics while deemphasizing flexibility and grip strength in younger
athletes. By aligning training, competition schedules, and development programs
with these findings, stakeholders can better support young tennis players in

maximizing their performance and achieving higher rankings.

5.3. Conclusion

The current study demonstrates that selected tests (standing height, sitting height,
body mass and body fat percentage, grip strength, countermovement jump, medicine
ball throw, t-agility, sprint, sit-and-reach, maximum serve speed, KTK motor skill
assessment, hand and foot reaction tests protocol, shuttle run, mental toughness scale
in sport, coaches’ perspective) within a multidimensional approach can explain a
portion of the performance determinants in top-ranked young tennis players. The
findings of this study underscore the multifaceted determinants of national rankings
among young tennis players, with distinct patterns emerging across age groups and
genders. In U12 girls, higher rankings were associated with increased international
tournament participation and lower string tension, while greater grip strength,
flexibility, motor coordination, body fat percentage, and BMI were linked to lower
rankings. In U12 boys, an earlier start in tournament competition was nearly
perfectly correlated with higher rankings, with no other significant associations
observed. For U14 girls, no statistically significant relationships emerged, though
trends suggested that greater international match experience may contribute to
improved rankings. In contrast, U14 boys exhibited strong negative correlations

between ranking and various competition volume metrics, particularly at the
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international level, with an unexpected association between higher body fat
percentage and better performance. Among U16 girls, total match experience was
positively associated with higher rankings, reinforcing the potential advantage of
increased competition exposure. Similarly, in U16 boys, international competition
experience and upper body power were strongly linked to improved rankings, with
additional trends suggesting potential benefits of greater mental toughness and BMI,
though these were not statistically significant. Moreover, 41.4% of participants
demonstrated above-normal motor coordination levels in the KTK assessment.
Coaches emphasized motor coordination as a critical factor for U12 players and U14
girls, while mental toughness was highlighted as a key determinant for U14 boys and
U16 players. These findings highlight the interplay between experiential, physical,
and psychological attributes in shaping competitive success, emphasizing the
importance of competition exposure, motor coordination, and mental toughness in
player development. This research underscores the importance of fostering
competition experience, prioritizing motor coordination in younger players, and
nurturing mental toughness as players progress, ensuring a well-rounded approach to

long-term tennis development.

The results of this study demonstrated that, although several individual parameters
encompassing demographics, training history, equipment characteristics, growth and
maturation status, physical performance capacities, technical skill, motor
coordination, psychomotor abilities, psychological traits, and coaches’
perspectives—were correlated with national rankings, these associations were not
consistent across age groups. Tournament experience was the only parameter that
exhibited a statistically significant relationship with ranking across all examined age
categories (U12, U14, and U16). This consistent association likely reflects the
cumulative advantage conferred by competitive exposure, as greater participation
increases opportunities for point accumulation. These findings suggest that tennis
performance cannot be adequately explained by isolated variables or assessments
confined to a single domain. Rather, they underscore the importance of adopting a
multidimensional and integrative approach that simultaneously accounts for
developmental, physical, technical, cognitive, psychological, and experiential factors.

By framing performance through this holistic lens applicable across all stages of
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youth development—this study provides a novel contribution to the literature on
talent identification and player development in tennis.
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C. CONSENTS FROM PARTICIPANTS

Bu ¢alisma ODTU Beden Egitimi ve Spor Béliimii doktora dgrencisi
Durukan Durmus tarafindan yiiriitiilmektedir. Bu form sizi aragtirma kosullar
hakkinda bilgilendirmek i¢in hazirlanmistir.

Calismanin amaci, teniste yetenek tespiti ve gelisimine yonelik ¢ok boyutlu
bir yaklagim gelistirmektir. Bu amacla, geng tenisgilerin ulusal siralamalarinin olasi
korelasyonlari arastirilacaktir. Calismaya U12, U14 ve U16 yas kategorilerindeki elit
miisabik erkek ve kadin tenis oyunculari dahil edilecektir. Oyuncularin ulusal
siralamalart ve turnuva kayitlar Tiirkiye Tenis Federasyonu (TTF) resmi internet
sayfasindan toplanacaktir. Demografik, deneyimsel ve antrenmanla ilgili 6zellikler
antrendrlerden ve ebeveynlerden elde edilecektir. Antropometrik, fiziksel uygunluk
ve motor koordinasyon 6l¢iimleri yapilacaktir. Oyuncularin zirve boy hizi yas1 ve
biiyiime durumlar1 hesaplanacaktir. Servis hizi, reaksiyon siiresi ve psikolojik
beceriler dlgiilecektir. Performans parametrelerinin katkisina iliskin antrendrlerin
bakis acisina yonelik bir soru formu uygulanacaktir.

Aragtirma verileri TTF Ankara Tenis Merkezinde diizenlenecek olan gelisim
kamplar1 sirasinda toplanacaktir. Kampa U12, U14 ve U16 yas gruplarindaki
sporcular katilimci olarak davet edilecektir. Veri toplama siireci toplam 3 giin
stirecektir. Caligmada sizden testlerde elinizden gelenin en iyisini yapmaniz ve
sorulara dogru cevap vermeniz istenecektir.

Bu calismaya katilmak tamamen goniilliiliikk esasina dayalidir. Herhangi bir
yaptirima veya cezaya maruz kalmadan ¢aligmaya katilmay: reddedebilir veya
calismay1 birakabilirsiniz. Aragtirma esnasinda cevap vermek istemediginiz sorular
olursa bos birakabilirsiniz. Bu aragtirmanin sonuglar1 bilimsel yayinlarda veya egitim
amagch kullanilabilir, fakat katilimcilarin kimligi gizli tutulacaktir.

Calisma esnasinda, testleri yaparken fiziksel olarak yorgunluk
hissedebilirsiniz. Istediginiz zaman prosediirii durdurabilir ve ¢alismay1 herhangi bir
kaybiniz olmaksizin birakabilirsiniz. Yapilacak olan testler fiziksel 6zellikleri
belirlemek i¢in arastirmalarda sik kullanilan yontemler olup 6nemli bir risk
tasimamaktadir fakat asagidaki semptomlar1 daha 6nce gdéstermis insanlarda stres
tepkilerine (kalp atiglarinin hizlanmasi, ¢cok nadir ve asir1 durumlarda bayilma gibi)
yol agabilir. Bu yiizden asagidaki semptomlardan herhangi birini daha dnce
gecirdiyseniz arastirmaya katilmaniz uygun degildir.

e Kardiyovaskiiler bozukluklar
e Bayilma nobetleri veya norolojik nobetler
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Bu calismaya katildiginiz i¢in simdiden tesekkiir ederiz. Calisma hakkinda
daha fazla bilgi almak i¢in doktora 6grencisi Durukan Durmus’a ulagabilirsiniz.

Yukaridaki bilgileri okudum ve bu calismaya tamamen goniillii olarak
katiliyorum.
(Formu doldurup imzaladiktan sonra uygulayiciya geri veriniz).

Ad Soyad Tarih Imza
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D. CONSENTS FROM PARENTS

Sevgili Veli,

Bu galisma ODTU Beden Egitimi ve Spor Bsliimii doktora égrencisi Durukan Durmus tarafindan
ylratialmektedir. Bu form sizi arastirma kosullari hakkinda bilgilendirmek igin hazirlanmistir.

Calismanin amaci, teniste yetenek tespiti ve gelisimine yonelik cok boyutlu bir yaklagim
gelistirmektir. Bu amagla, geng tenisgilerin ulusal siralamalarinin olasi korelasyonlari arastirilacaktir.
Calismaya U12, U14 ve U16 yas kategorilerindeki elit miisabik erkek ve kadin tenis oyunculari dahil
edilecektir. Oyuncularin ulusal siralamalari ve turnuva kayitlari Turkiye Tenis Federasyonu (TTF) resmi
internet sayfasindan toplanacaktir. Demografik, deneyimsel ve antrenmanla ilgili 6zellikler
antrenorlerden ve ebeveynlerden elde edilecektir. Antropometrik, fiziksel uygunluk ve motor
koordinasyon 6lgiimleri yapilacaktir. Oyuncularin zirve boy hizi yasi ve buyime durumlari
hesaplanacaktir. Servis hizi, reaksiyon siiresi ve psikolojik beceriler 6lgllecektir. Performans
parametrelerinin katkisina iliskin antrendrlerin bakis agisina yonelik bir soru formu uygulanacaktir.

Arastirma verileri TTF Ankara Tenis Merkezinde diizenlenecek olan gelisim kamplari sirasinda
toplanacaktir. Kampa U12, U14 ve U16 yas gruplarindaki sporcular katiimci olarak davet edilecektir.
Veri toplama sireci toplam 3 giin strecektir. Calismada ¢ocugunuzun testlerde elinden gelenin en
iyisini yapmasi ve sorulara dogru cevap vermesi istenecektir. Sizden ¢ocugunuzun katilimci olmasiyla
ilgili izin istedigimiz gibi, ¢alismaya baslamadan ¢ocugunuzdan da yazili olarak katilimiyla ilgili rizasi
mutlaka alinacaktir.

Cocugunuzdan alacagimiz veriler tamamen gizli tutulacak ve sadece arastirmacilar tarafindan
degerlendirilecektir. Elde edilecek bilgiler sadece bilimsel amagla kullanilacak, cocugunuzun ismi ve
kimlik bilgileri veya sizin isminiz ve kimlik bilgileriniz, hi¢bir sekilde kimseyle paylasiimayacaktir.
Calisma esnasinda, ¢cocugunuz testleri yaparken fiziksel olarak yorgunluk hissedebilir. Yapilacak olan
testler fiziksel 6zellikleri belirlemek icin arastirmalarda sik kullanilan yéntemler olup 6nemli bir risk
tasimamaktadir fakat asagidaki semptomlari daha 6nce gostermis insanlarda stres tepkilerine (kalp
atislarinin hizlanmasi, ¢ok nadir ve asiri durumlarda bayilma gibi) yol agabilir. Bu ylizden ¢ocugunuz
asagidaki semptomlardan herhangi birini daha 6nce gegirdiyse arastirmaya katilmasi uygun degildir.

o Kardiyovaskiler bozukluklar
¢ Bayllma nobetleri veya nérolojik nébetler

Katihm sirasinda dlglimlerden ya da herhangi bir uygulama ile ilgili baska bir nedenden 6tiri
cocugunuz kendisini rahatsiz hissettigini belirtirse, ya da kendi belirtmese de arastirmaci cocugun
rahatsiz oldugunu 6ngoriirse, calismaya 6l¢cimler tamamlanmadan ve derhal son verilecektir. Sayet
siz gocugunuzun rahatsiz oldugunu hissederseniz, bdyle bir durumda ¢alismadan sorumlu kisiye
cocugunuzun ¢alismadan ayrilmasini istediginizi sdylemeniz yeterli olacaktir.

Bu calismaya katildiginiz i¢in simdiden tesekkir ederiz. Calisma hakkinda daha fazla bilgi almak igin
doktora 6grencisi Durukan Durmus’a ulasabilirsiniz.
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Yukaridaki bilgileri okudum ve cocugumun bu ¢alismada yer almasini onayliyorum
(Lutfen alttaki iki secenekten birini isaretleyiniz)

Evet onayliyorum ___ Hayir, onaylamiyorum ___

Veli adi-soyadi: Buglinun Tarihi:

Cocugun adi soyadi ve dogum tarihi:

(Formu doldurup imzaladiktan sonra arastirmaciya ulastiriniz)
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4

E. DATA COLLECTION FORMS

OLGUM KAYIT FORMU

Genel Bilgiler
Adi Soyadi Yas Grubu Cinsiyeti Dogum Tarihi Test Tarihi
Antrenman Yag! HAS (Ozel) HAS (Fitness)
Antropometrik Olgiimler
Boy Uzunlugu Oturma Yiksekligi Vicut Agirhig Yag %
Fiziksel Uygunluk
El Kavrama Uzan Erig Dikey Sigrama Saglk Topu T-Ceviklik
5m 10m 20m Mekik Kogusu Response Time
Servis Hizi
1 2 3 4 5
Tekrar 1 2 3 Toplam
6 cm
KTK
Denge 4,5cm
3cm
Genel Toplam
Yiikseklik | O | 5 [ 10 | 15| 20 | 25 | 30 | 35 | 40 | 45 | 50 | 55 | 60 | Toplam
KTK Sag
Atlama [ g
Genel Toplam
KTK 1 2 Toplam KTK 1 2 Toplam
Sigrama Tagima
Reaksiyon Siiresi Olgiimleri
1. BASITR 2. SECICIR 3. AYRISIMLI R 1. BASITR 2. SEGICI R 3. AYRISIMLI R
NO AD/SOYAD (EL) (EL) (EL) (AYAK) (AYAK) (AYAK)
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14,
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F. MENTAL TOUGHNESS SCALE

Tamamen

Yanhs

Cogunlukla

Yanhs

Biraz Yanhs

Ne Dogru
Ne Yanhs

Biraz
Dogru

Cogunlukla

Dogru

Tamamen

Dogru

1.Hedeflerime ulagsma
konusunda yetenegime
inantyorum.

2.Gorevleri yaparken
odaklanmami
diizenleyebilirim.
fayarlayabilirim.

3.Istedigim sekilde performans
sergilemek icin duygularimi
kullanabilirim.

4.Basariy1 devam ettirebilmek
igin ugrasiyorum/gaba
gosteriyorum.

5.Hedeflerime ulagmada
gerekli olan bilgimi
uygulamada kullanirim.

6.Genellikle olumsuzluklarin
(zorluklarin) tistesinden
gelirim.

7.Miicadele ederken (meydan
okurken) uygun becerileri veya
bilgileri
uygulayabilirim/kullanabilirim

8.Cogu durumda olumlu bir
sey bulabilirim.
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G. COACHES’ PERSPECTIVE QUESTIONNARE

Calismanin Amaci

Bu arastirma, ODTU Beden Egitimi ve Spor Bélimii égretim liyesi Dog. Dr. Mustafa SOGUT
danigsmanliginda doktora ¢alismasini gergeklestiren Durukan Durmus tarafindan yuritilmektedir.
Arastirmanin amaci, teniste yetenegin belirlenmesi ve gelistiriimesine ydnelik ¢cok boyutlu bir yaklagim
gelistirmektir. Bu amagla geng tenis oyuncularinin ulusal siralamalari ile iliskili olabilecek degiskenler
incelenecektir.

Asagidaki parametrelerin geng tenis oyuncularinin siralamalari tGzerindeki etkilerini degerlendiriniz. 1
puan 6nemli degil, 10 gok 6nemli anlamina gelmektedir.

Adi ve Soyadt:
Cinsiyet:

Dogum Tarihi:
Antrendrlik Kademesi:
Deneyim (yil):

Parametre 1 2 3 4 5 6 7 8 9 10

Tenise baglama yasi

Haftalik tenis
antrenman saati

Haftalik kondisyon
antrenman saati

ik turnuva oynadigi yas

Katildigi resmi ulusal
turnuva sayisi

Katildigi resmi
uluslararasi turnuva
sayisl

Mag sayisi (tekler)

Mag sayisi (giftler)

Boy uzunlugu

Vicut Agirhgi

Vicut Kitle indeksi

Vucut Yag Yuzdesi

BlylUme ve biyolojik
olgunluk dizeyi

El kavrama kuvveti

Alt vicut kuvveti
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Ust viicut kuvveti

Ceviklik

Sirat (5 metre)

Sirat (10 metre)

Sirat (20 metre)

Esneklik

Denge

Servis hizi

Motor koordinasyon

Reaksiyon zamani

Aerobik dayaniklilik

Zihinsel dayaniklilik
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I. TURKISH SUMMARY / TURKCE OZET

GIRIS

Tenis, 199 iilkede 106 milyondan fazla katilimcinin yer aldigi, kiiresel diizeyde
yaygin ve dikkat ¢ekici bir spordur (ITF Kiiresel Tenis Raporu, 2024). Wimbledon’in
prestijli ¢im kortlarindan mahalle sahalarina kadar, tenis hem rekreasyonel hem
gelisimsel hem de elit diizeyde oynanmakta ve biiyilik ilgi géormektedir. Bu genis
katilim, bireysel miicadele, teknik cesitlilik ve her yas grubuna hitap etmesi gibi

unsurlarin birlesiminden kaynaklanmaktadir.

Popiilerliginin 6tesinde tenis, yasam boyu fiziksel ve zihinsel saglik acisindan 6nemli
katkilar saglar. Arastirmalar, diizenli tenis oynamanin aerobik kapasiteyi artirdigini,
viicut yag oranin diisiirdligiinii, lipid profillerini iyilestirdigini, kemik yogunlugunu
artirdigin1 ve kalp-damar hastaliklari ile erken 6liim riskini azalttigini gostermektedir
(Chomistek vd., 2012; Pluim vd., 2007). Ayrica, oyunun karar verme, bask1 altinda
duygusal kontrol ve duruma hizli uyum saglama gibi zihinsel talepleri, biitiinciil

gelisime katki sunmaktadir (Fernandez-Fernandez vd., 2009).

Tenis performansi, tek bir alandaki yeterlilikle agiklanamayacak c¢ok boyutlu
faktorlerin etkilesimiyle sekillenir. Tenis; antropometrik 6zellikler, fiziksel kapasite,
teknik yeterlilik, taktik beceri ve psikolojik Ozelliklerin bir arada gelismesini
gerektirir (Elferink-Gemser vd., 2011; Kovacs, 2006). Ozellikle geng sporcularda
biyolojik gelisim, kronolojik yas1 ayni olan bireyler arasinda bile giic, hiz ve
koordinasyon gibi o6zelliklerde onemli farkliliklar yaratabilir (Myburgh vd., 2016;
Sogiit vd., 2019). Motor koordinasyon, temel hareket becerilerinin gelisimi ve bu
becerilerin teknik yeterlilige donilismesi icin temel bir altyapidir (So6giit, 2016; Bisio
vd., 2021). Teknik ve taktik yeterlilik ise karar verme, Oriintii tanima ve dogru
uygulamalarla dogrudan miisabaka sonuclarini etkiler (Kolman vd., 2018). Psikolojik

ozellikler, ozellikle zihinsel dayaniklilik ve duygusal kontrol, sporcularin baski
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altinda istikrarli kalmasimi saglar (Cowden vd., 2016; Fernandez-Fernandez vd.,
2015). Antrenman ge¢misi ve miisabaka deneyimi de oyuncunun gelisim siireci ve

performans diizeyini belirleyen 6nemli faktorlerdendir (Murray & Hunfalvay, 2016).

Son yillarda tenis bransinda yetenek belirleme yaklagimlari onemli o6lgiide
gelismistir. Onceden daha cok fiziksel dlgiimlere dayanan geleneksel yaklasimlar,
giinimiizde yerini ¢ok boyutlu ve uzun vadeli gelisimi esas alan modellere
birakmistir (Johnston vd., 2018; Till & Baker, 2020). Bu yeni modeller, yalnizca
fiziksel yeterlilikleri degil; ayn1 zamanda psikolojik, teknik ve ¢evresel degiskenleri
de dikkate almaktadir (Nijenhuis vd., 2024). Antrenér goriisleri, oyuncularla uzun
siireli birebir caligmalar1 sayesinde, bu alanlarin gelisim donemleri icerisindeki

Oonemini degerlendirme agisindan ¢ok kiymetlidir (Reid vd., 2009; Crespo vd., 2024).

Ancak, mevcut literatiirde farkli performans alanlarinin etkisini bir arada
degerlendiren calismalarin sayis1 yetersizdir. Genglik tenisinde siklikla yalnizca
fiziksel ya da teknik bir 6zellige odaklanilmis; oysa miisabik basariy1 sekillendiren
psikolojik, gelisimsel ve c¢evresel faktorler goz ardi edilmistir. Bu ¢alismada, Ul2,
Ul14 ve Ul6 yas kategorilerindeki elit diizeydeki sporcularin ulusal siralamalari ile
iligkili unsurlar, biitiincil bir yaklasimla incelenmistir. Degerlendirmede;
antropometri, fiziksel yeterlilik, motor koordinasyon, psikolojik dayaniklilik,
antrenman gec¢misi, ekipman 6zellikleri, mag deneyimi ve antrenor goriisleri dikkate
alimmistir. Bu degiskenlerin birlikte incelenmesi sayesinde, gencglik tenisinde
miisabik basariya katki saglayan temel faktorlerin daha iyi anlagilmasi ve yetenek
secimi ile gelisiminin bilimsel temellere dayali olarak yoOnlendirilmesi

hedeflenmistir.

Teniste Yetenek Belirleme ve Gelistirme

Teniste potansiyel tespiti ve gelisimi, bu bransta kalic1 basariya katki saglayan temel
unsurlar1 belirlemek amaciyla ¢ok yonlii sekilde analiz edilmistir. Geng sporcularda

yetenek belirleme ve gelisim siireglerine yonelik giincel ¢alismalar, basariy1

etkileyen ¢esitli belirleyici faktorleri ortaya koymustur.
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Tsao, Liu ve Chang (2022), dikey sigrama, mekik kosusu ve omuz esnekligi gibi
testleri kullanarak tenis becerilerini degerlendiren 06zel bir tarama ydntemi
gelistirmistir. Arastirma, tenis oyuncularmin basketbolculara kiyasla daha fazla
esneklige ihtiyag duydugunu ve omuz mobilitesinin etkili servis ve vuruslar
acisindan kritik oldugunu gostermistir. Bu bulgular, tenis 6zelinde yapilandirilmig

degerlendirme protokollerinin gerekliligini ortaya koymaktadir.

Kolman ve ark. (2021) tarafindan yapilan prospektif bir ¢alisma, top hizi ve isabet
oran1 gibi teknik parametrelerin, gen¢ erkek teniscilerde hem mevcut hem de
gelecekteki basari igin 6nemli gostergeler oldugunu ortaya koymustur. Arastirma, bu
becerilerin farkli oyun durumlarinda gelistirilmesinin performansi artirmak acisindan

zorunlu oldugunu vurgulamaktadir.

Chapelle ve ark. (2022) ise yetenek se¢imi siirecindeki geng tenisgilerin gelisiminde
antropometrik ve fiziksel performans degiskenlerinin etkisini incelemistir. Elde
edilen veriler; hiz, ¢eviklik, sicrama yetenegi, motor koordinasyon ve tenise 6zgii
becerilerin Ozellikle 8-10 yas grubundaki sporcular i¢in se¢im sansini anlamli

diizeyde etkiledigini gostermistir.

Bozidar ve ark. (2014), ergen teniscilerin psikolojik becerilerini ve bu beceriler ile
antrenOr katkis1 ve liderlik davranislari arasindaki iliskileri incelemistir. Bulgular,
yas, cinsiyet ve antrenman baglamina gore psikolojik profillerde anlamli farkliliklar
oldugunu gostermistir. Ayrica, liderlik tarzi gibi belirli psikolojik 6zelliklerle
antrenOr katkist arasinda giiclii iliskiler saptanmig; bu da antrenman metodolojilerinin

geng sporcularin psikolojik gelisiminde belirleyici olabilecegini ortaya koymustur.

Faber ve ark. (2015) tarafindan gergeklestirilen sistematik bir derleme, geng raket
sporcularinda bireysel yetenek unsurlarini 6lgen ¢ok sayida degerlendirme aracini
incelemistir. Derleme, koordinasyon becerileriyle birlikte bilissel ve algisal
yeteneklere odaklanan Olgiimlerin, elit oyuncular ayirt etmekte etkili oldugunu
belirtmistir. Ancak bu araglarin gelecekteki performansi 6ngorme giicii belirsizligini
korumaktadir. Bu durum, yetenek belirleme siireglerinde ¢ok boyutlu ve kapsaml

degerlendirme sistemlerine ihtiya¢ oldugunu gostermektedir.
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Genglik Tenisinde Performansin Belirleyicileri

Geng sporcularda performans diizeyini etkileyen faktorleri ortaya koymak amaciyla
yiriitillen literatiir calismalari, performansin birgok boyutla iligkili oldugunu
gostermektedir. Fiziksel uygunluk (Kramer vd., 2016; Xiao vd., 2022; Sanchez-Pay
vd., 2021; Villouta vd., 2021), teknik beceriler (Lambrich & Muehlbauer, 2023),
psikolojik o&zellikler (Gould vd., 2002; MacNamara vd., 2010) ve sosyokiiltiirel
etkiler (Baker & Horton, 2004), gen¢ sporcularin basarisinda etkili temel alanlardir
(Vaeyens vd., 2008).

Fiziksel biiyiime ve biyolojik olgunluk, giic, hiz ve koordinasyon gibi teknik
uygulamalarin hassasiyetini dogrudan etkileyen parametrelerdir (Malina vd., 2004;
Baxter-Jones vd., 2005). Dayaniklilik, ¢ceviklik ve patlayici gii¢ gibi fiziksel yeterlilik
Ozellikleri ise miisabaka temposunu siirdiirme ve puanlar arast toparlanma

kapasitesiyle iliskilidir (Roetert & Ellenbecker, 2007; Kovacs, 2007).

Motor yeterlilik, temel hareket becerilerini kapsar ve hem teknik gelisimin hem de
taktik uygulamalarin temelini olusturur (Fransen vd., 2012; Vandorpe vd., 2012).
Teknik ve taktik beceriler, oyuncunun topu kontrol etme, firsat yaratma ve rakibin
giiclii/zayif yonlerine gore strateji belirleme kabiliyetini belirler (Reid vd., 2007

Kolman vd., 2018). Bu yoniiyle dogrudan mag performansina etki eder.

Psikolojik ozellikler —ozgiiven, dayaniklilik ve odaklanma gibi— bir sporcunun
baski altinda karar verme ve tutarliligi siirdirme becerisini destekler (Weinberg &
Gould, 2018; MacNamara vd., 2010). Deneyim, antrenman yasi ve rekabet ortami,
hem teknik-taktik gelisimi hem de ¢esitli mag senaryolarina uyum saglama becerisini

besler (Reid vd., 2008; Hornig vd., 2014).

Antrendrlerin farkli performans alanlarina yonelik goriisleri, genclik tenisinde
basariya katki sunan faktorlerin anlagilmasinda kritik 6nemdedir. Crespo vd. (2024),
uluslararasi diizeyde yliksek performansl antrendrlerin tenis performansinda 6nemli
gordiigl zihinsel 6zellikleri ve bu 6zelliklerin nasil gelistirildigine dair yaklagimlarini
incelemistir. Tiim antrendrler, zihinsel becerilerin tenis basarisi icin vazgecilmez

oldugunu vurgulamistir.
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Tenisin ¢ok boyutlu ve karmasik yapisi, gen¢ oyuncularin gelisiminde fiziksel,
teknik, taktik, psikolojik ve deneyimsel Dbirgcok degiskenin  birlikte
degerlendirilmesini zorunlu kilmaktadir. Bu béliimde ele alinan arastirmalar, geng
sporcularda basariya etki eden Ozellikleri belirlemeyi amaglamis ve degiskenler
arasinda fiziksel biiylime, biyolojik olgunluk, motor beceriler, fiziksel yeterlilik,
teknik ve taktik yeterlilik, psikolojik dayaniklilik, antrenman ve miisabaka
maruziyeti ile antrendr bakis agilarinin belirleyici rol oynadigini ortaya koymustur.
Bu calisma, farkli degiskenleri sentezleyerek tenis gelisiminde etkili olan temel
faktorleri acgiklamakta; oyuncu secimi ve gelisiminde kanita dayali uygulamalari

destekleyecek kapsamli bir bakis agis1 sunmaktadir.

Geng¢ Teniscilerde Performans Parametrelerine Yonelik Antrenorlerin Bakis

Acilan

Crespo, Jiménez ve arkadaslar1 (2024), uluslararasi1 diizeyde yiiksek performansh
tenis antrenodrlerinin tenis performansinda gerekli olan zihinsel becerilere iliskin
goriiglerini incelemistir. Bulgular, tiim antrenérlerin zihinsel becerilerin tenis
performansi agisindan kritik 6neme sahip oldugu konusunda fikir birligine vardigin
gostermektedir. Kidemli antrendrlerin spor psikolojisini daha iyi kavradigi ve daha
az deneyimli antrendrlere kiyasla belirli psikolojik becerilerin gelisimine daha fazla
onem verdigi goriilmiistiir. Egitim diizeyi ve deneyim siiresinden bagimsiz olarak,
tiim antrenodrler zihinsel becerileri 6nemli bulmakta; bu becerilere iliskin bilgilerin en

cok egitim programlar1 ve saha deneyimi yoluyla edinildigini belirtmektedir.

Robertson ve ark. (2018), tenis, masa tenisi ve badminton branglarinda gorev yapan
177 lisansh antrendriin; antropometrik ozellikler, fiziksel performans ve motor
koordinasyon becerilerinin 6nemi konusundaki goriislerini incelemistir. Antrendrler,
raket sporlari arasinda hem belirgin farkliliklart hem de Onemli benzerlikleri
vurgulamig; performans belirleyicilerini 1 ile 10 arasinda derecelendirerek
degerlendirmistir. Sonuglara gore tiim kriterler genel olarak yiiksek puan almis (en
diisiik: 5,5; en yiiksek: 9,4); el-g6z koordinasyonu, ceviklik ve ¢esitli top kontrol
becerileri en yiiksek oneme sahip Ozellikler olarak one ¢ikmistir. Antropometrik

Ol¢timler ve 30 m sprint testi ise gorece daha diisiik puanlanmistir. Bu bulgular, tenis
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sporunda yetenek tanimlama ve gelisim siireclerinde hangi niteliklerin &ncelikli

degerlendirildigini gostermesi agisindan 6nem tasimaktadir.

Weinberg ve Jackson (1990), lise ve yas grubu diizeyinde gorev yapan tenis
antrenorlerinin oyuncularinin 6z yeterliliklerini artirmak i¢in kullandiklar1 stratejileri
analiz etmistir. Calismada, antrendrlerin 13 farkli yontem kullandigi saptanmustir.
Bunlar arasinda pozitif i¢ konusma tesviki, Ornek olma, agik talimat verme,
uygulamali tekrar yaptirma, sozel ikna, ddiillendirme ve 6zgiiven kazandirici iletisim
one ¢ikmaktadir. Bu stratejilerin, oyuncularin 6zgiivenini ve zihinsel dayanikliligin
gelistirmede orta ila yliksek diizeyde etkili oldugu belirtilmistir. Arastirma, psikolojik
destek tekniklerinin ve antrendr katkisinin, sporcularin zihinsel hazirlik

stireclerindeki roliinii vurgulamaktadir.

Busuttil ve arkadaglari (2024), tenis antrendrlerinin raket tutusu gelisimine dair
goriiglerini ve kullandiklart yontemleri arastirmistir. Calismaya, farklt deneyim
diizeylerinden toplam 226 akredite antrenor (140 az deneyimli, 86 daha deneyimli)
katilmistir. Antrendrler, tutus becerilerinin gelistirilmesinin temel teknik gelisimde
en kritik unsurlardan biri oldugu goriisiinde birlesmistir. En sik 6gretilen tutuslar
sunlardir: forehand igin semi-western (%68 az deneyimli, %65 deneyimli), ¢ift el
backhand icin continental ve eastern kombinasyonu (%59 az deneyimli, %48,8

deneyimli) ve servis i¢in continental tutus (her iki grup icin %94).

Tutus gelisimini engelleyen baglica faktorler; aliskanlik (%62 az, %56 deneyimli),
rahatsizlik (%58 az, %50 deneyimli) ve 6zgiiven eksikligi (%44 az, %21 deneyimli)
olarak tanimlanmistir. Antrendrlerin %65°1, bu becerileri desteklemek amaciyla
fiziksel olarak smirlayict ekipman ve teknikler kullanmaya istekli olduklarim
belirtmistir. Bu ¢alisma, temel tenis tekniklerinin Ogretilmesinde antrendrlerin
yaklasim tarzlarina 1sik tutmakta ve antrenman siirecine yoOnelik kanita dayali

katkilar sunmaktadir.

Bu boliim, geng teniscilere yonelik antrendr perspektiflerini ¢ok boyutlu sekilde
ortaya koyarak hem zihinsel gelisim hem de fiziksel-teknik becerilerin 6gretimi
acisindan uygulamali veriler saglamaktadir. Antrendrlerin goziinden degerlendirilen

bu bakis agilari, yetenek gelisiminde dnemli bir rehber niteligindedir.
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Calismanin Amaci

Bu c¢alismanin amaci, U12, U14 ve U16 yas kategorilerinde yer alan iist diizey sekiz
geng tenis¢inin ulusal siralamalari ile fiziksel, fonksiyonel, psikolojik ve deneyimsel
Ozellikleri arasindaki iligkileri incelemektir. Ayrica, performans parametrelerine

iliskin antrenor goriisleri de aragtirmaya dahil edilmistir.

Arastirma Sorulari

Bu calisma asagidaki sorulara yanit aramaktadir:

(1) U12, Ul4 ve Ul6 yas kategorilerindeki basarilt geng¢ teniscilerde ulusal
siralamalar ile fiziksel, fonksiyonel, psikolojik ve deneyimsel 6zellikler
arasinda nasil iliskiler bulunmaktadir?

(2) Antrenorlerin, geng¢ tenisgilerin performansini etkileyecek parametrelere

yonelik bakis ag¢ilari nelerdir?

Hipotezler

(1) Tim yas ve cinsiyet gruplarinda, ulusal siralamalar ile tek bir degisken
arasinda giiclii ve tutarl bir iliski bulunmayacagi 6ngoriilmektedir.
(2) Antrenor goriislerinin, yas ve cinsiyete gore farklilik gosterecegi

beklenmektedir.

Varsayimlar

Kullanilan tiim 6l¢ilim araglarinin gegerli ve giivenilir oldugu; oyuncularin testlerde
elinden gelenin en 1yisini yaptigi, antrenorler ve diger katilimcilarin dogru ve diiriist
yanitlar verdigi; ulusal siralamalarin ise performansin giivenilir bir gostergesi oldugu

varsayilmistir.

Calhsmanin Onemi

Mevcut tenis performans arastirmalar1 genellikle fiziksel uygunluk veya teknik

becerilere odaklanmakta, ancak basarinin ¢ok sayida faktoriin karmasik etkilesimiyle
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sekillendigi goz ardi edilmektedir. Bu c¢alisma, fiziksel, fonksiyonel, psikolojik ve
deneyimsel Ozelliklerin yani sira antrendr goriislerini de igeren ¢ok boyutlu bir
degerlendirme sunmaktadir. Fiziksel uygunluk, reaksiyon siiresi, mental dayaniklilik
ve motor koordinasyon gibi faktorler ile antrenman siiresi, ekipman oOzellikleri,
antrenman hacmi, turnuva katilimi ve ma¢ oynama sayilar1 gibi degiskenler kapsamli
sekilde analiz edilmigtir. Bu biitiinclil yaklasim, farkli yas kategorilerindeki
teniscilerin siralamalart ile iliskili faktorleri derinlemesine anlamaya olanak

tanimaktadir.

Arastirma, demografik, deneyimsel, fiziksel, teknik ve psikolojik degiskenlerin yas
ve cinsiyet gruplarina gore ulusal siralamalarla iligkisini inceleyerek tenis
yeteneklerinin belirlenmesi ve gelistirilmesine 0Ozgiin katkilar saglamaktadir.
Calismanin hedefi, ulusal diizeyde kendi yas gruplarinda ilk sekizde yer alan segkin
bir oyuncu grubunu incelemek olup, bu sayede bulgularin gegerliligi ve

yorumlanabilirligi artmaktadir.

Arastirmanin  6zglinliigi, ¢cok boyutlu yaklasimi ve antrenorlerin deneyimlerini
ampirik performans verileriyle biitiinlestirmesinden kaynaklanmaktadir. Bdylece
pratik deneyim ile bilimsel degerlendirme arasinda bir koprii kurulmus, geng
tenisinde basari ile iligkili faktorlerin daha kapsamli sekilde anlasilmasi saglanmistir.
Elde edilen bulgular, yas ve cinsiyete 6zgli performans modelleri hakkinda degerli
bilgiler sunmakta ve genc¢ tenis programlarinda yetenek tanimlama ve

bireysellestirilmis antrenman stratejilerinin gelistirilmesine katki saglamaktadir.

Calisma c¢ok boyutlu bir yaklasim kullanarak teniste yetenek belirleme ve gelistirme
stratejilerinin  1iyilestirilmesini  hedeflemektedir. = Gen¢  teniscilerin  ulusal
siralamalarindaki performans belirleyicilerine dair kapsamli bir anlayis sunarken,
fiziksel, teknik, deneyimsel ve psikolojik degiskenlerin gelisim siirecindeki 6nemini
vurgulamaktadir. Elde edilen bulgular, antrendrler, tenis akademileri ve
federasyonlar icin rehberlik saglayarak, oyuncu gelisimi i¢in kanita dayali
stratejilerin  olusturulmasina katkida bulunabilir. Ayrica, g¢alisma Tiirkiye’deki
yetenek belirleme modellerinin gelistirilmesine destek olarak, ulusal tenis sahnesinde

daha donanimli ve basarili oyuncularin yetismesini destekleyebilir.

123



YONTEM

Calisma Dizaym

Bu kesitsel kohort g¢aligmasi, iist siralarda yer alan geng tenisgilerin rekabetgi
performansini etkileyen faktorleri ¢ok yonlii olarak incelemistir. Arastirmada,
oyuncularin antropometrik 6zellikleri, fiziksel biiyiime ve olgunlasma durumu, iist ve
alt viicut kuvveti, hiz, ceviklik, esneklik, aerobik dayaniklilik, motor koordinasyon,
reaksiyon zamani, teknik becerileri (servis hizi ) ile psikolojik 6zellikleri (mental
dayaniklilik) detayli sekilde degerlendirilmis; ayrica turnuva ve mag kayitlar ile

antrendrlerin performans degerlendirmeleri de ¢alismaya dahil edilmistir.

Calisma, bu oOzelliklerin ulusal siralamalarla iligkisini incelemek amaciyla nicel ve
kesitsel bir yontem kullanmistir. Betimsel istatistikler ile yas gruplar1 ve cinsiyetlere
gore ortalama degerler sunulurken, korelasyon analizleri siralamadaki basariy1
etkileyen Onemli faktorleri ortaya koymustur. Bu yaklasim, birey ile cevresi
arasindaki etkilesimi ¢ok boyutlu olarak ele alan Biyoekolojik Model ile uyumludur.
Boylece, tenis sporunda performansi etkileyen faktorlerin belirlenmesi ve yetenek

tanimlama ile gelistirme caligmalarinin daha etkili yapilmasi miimkiin olmustur.

Katilimcilar

Bu arastirmaya, Tiirkiye’deki milli takim segme kamplarina katilan toplam 46 elit
diizeyde gen¢ tenis¢i dahil edilmistir. Katilimcilar U12, Ul4 ve Ul6 yas
kategorilerinde, yas gruplarmin her birinde siralamada ilk sekizde yer alan miisabik
sporculardan olusmaktadir. Secim kriterleri, Tiirkiye Tenis Federasyonu’na resmi
kayith olmak ve ilgili yas kategorisinde yapilan milli takim se¢melerinde ilk sekize

girmis olmak seklinde belirlenmistir.
Sporcularin dogum tarihleri, antrenman yasi, haftalik antrenman siiresi, ilk turnuva

yaglari, oynadiklar1 ulusal ve uluslararasi turnuva sayilari, resmi mag sayilari, raket

agirhigr ve tel gerginligi gibi detayli antrenman ve ekipman bilgileri toplanmistir.
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Arastirma i¢in etik onay ilgili liniversitenin Etik Kurulu’ndan alinmis, katilimcilara

ve velilerine arastirmanin amaci anlatilmisg, yazili onam alinmustir.

Ol¢iimler

Aragtirmada, oyuncularin fiziksel, teknik, motor, psikolojik ve deneyimsel

Ozelliklerini degerlendirmek amaciyla ¢ok yonlii test bataryalar1 uygulanmaistir:

Antropometrik olgiimler arasinda boy (ayakta ve oturarak), kilo, bacak uzunlugu ve
viicut yag orani yer almistir. Boy ve kilo dlglimleri taginabilir dl¢lim cihazlartyla,
viicut kompozisyonu analizleri ise ¢ok frekansli segmental cihazlarla yapilmistir.
Biyolojik olgunluk durumu, Mirwald ve arkadaslarinin (2002) gelistirdigi APHV (en
yiiksek boylanma hiz1 yas1) yontemiyle tahmin edilmistir.

Fiziksel yeterlilik, kavrama kuvveti (el dinamometresiyle), alt viicut kuvveti (CMJ
testi), tist viicut kuvveti (1 kg’lik saglik topu atist), sprint (5 m ve 10 m), ¢eviklik (T-
testi), esneklik (otur-uzan testi), servis hizi (radar tabancasi) ve aerobik dayaniklilik

(20 m mekik testi) gibi dl¢timlerle degerlendirilmistir.

Motor koordinasyon icin KTK (Korperkoordinationstest fiir Kinder) testi
uygulanmistir. Bu test; geriye denge, ziplama, yanal sicrama ve platformda yanal

gecis alt testlerinden olugsmaktadir (Kiphard & Schilling, 2007).

Reaksiyon siiresi degerlendirmelerinde BlazePod cihazi ve Cagin protokolil
kullanilmis; sporcularin gorsel uyarilara el ve ayakla verdikleri yanit siireleri

Olclilmiistiir.

Zihinsel dayaniklilik, Gucciardi ve arkadaslarinin gelistirdigi 6lgegin Tiirkce
uyarlamasi olan “Sporda Zihinsel Dayaniklilik Olgegi” ile degerlendirilmistir (Ozgor
& Asgt, 2018).

Antrenor goriisleri, ulusal antrendrler ve spor bilimcilerle hazirlanan 27 maddelik
yapilandirilmis anket aracilifiyla toplanmistir. Antrendrlerden, bu belirleyicileri

Onem sirasina gore 1 (en az) ila 10 (en ¢ok) arasinda derecelendirmeleri istenmistir.
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Mag deneyimine dair bilgiler, oyuncularin ilk turnuva yaslari, toplam ulusal ve
uluslararas1 mag sayilari, ¢iftler ve tekler mag sayilar1 gibi degiskenleri kapsamakta

olup, resmi federasyon kayitlar1 kullanilarak elde edilmistir.

Veri Toplama Siireci

Veriler, 2024 Haziran—-Temmuz aylarinda Tiirkiye Tenis Federasyonu merkezinde

diizenlenen milli takim kamplarinda, ii¢ giinliik bes oturum boyunca toplanmustir.

Ul4, Ul6 erkek, Ul2 ve Ul6 kiz kamplarinin ardindan, her yas grubundaki

antrendrler (n=7), 27 performans belirleyicisine yonelik goriis anketini doldurmustur.
1. Oturum (1. Giin sabah): Demografik bilgiler, antropometrik 6l¢iimler,

zihinsel dayaniklilik dlcegi.

Oturum (1. Glin 6gleden sonra): Fiziksel uygunluk testleri ve servis hizi.

Oturum (2. Giin sabah): Motor koordinasyon (KTK).

Oturum (2. Giin 6gleden sonra): Reaksiyon zamani testleri.

Oturum (3. Giin): Aerobik dayaniklilik (bip testi).

o~ DN

Testler arasinda yeterli dinlenme siireleri verilmis, antrenman ve turnuva yiikleriyle
cakismamasi i¢in dikkatli bir planlama yapilmistir. Kamplar sirasiyla Ul4, U16
erkek, Ul2 ve Ul6 kiz gruplart i¢in diizenlenmistir. Kamplar sonrasinda

antrenoOrlerden anket yoluyla degerlendirmeler alinmistir.

Belirli testlere katilamayan sporcular (sakatlik, hastalik, vb.) belgelenmis ve ilgili

analizlerden ¢ikarilmistir.

Istatistiksel Analiz

Tiim degiskenler yas ve cinsiyete gore ayr1 ayri analiz edilmis, tanimlayici
istatistikler (ortalama + SD) raporlanmistir. Pearson korelasyon katsayilar
kullanilarak ulusal siralama ile performans degiskenleri arasindaki iligkiler
degerlendirilmistir. Etki biiyiiklikleri Hopkins vd. (2009) kriterlerine gore
yorumlanmig, anlamlilik diizeyi p < 0.05 olarak kabul edilmistir. Veriler SPSS 28.0

programiyla analiz edilmistir.
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BULGULAR

Bu boliimde, ulusal siralamalar ile fiziksel, teknik, motor koordinasyon, psikolojik ve
deneyimsel degiskenler arasindaki iligkiler Pearson korelasyon analizi ile
degerlendirilmistir. Ayrica, antrendrlerin yas gruplarina gore farkli performans
parametrelerine verdikleri 6nem diizeyleri raporlanmigtir. Bunun yani sira, tenis
branginda daha diisiik siralama rakamlarinin daha yiiksek rekabet performansini ifade

ettigi hususu da 6zellikle vurgulanmaistir.

Ul12 kiz grubunda, uluslararasi turnuvalara katilim (r = -0.829, p = 0.011) ve tel
gerginligi (r = -0.732, p = 0.039) ile siralama arasinda giiglii negatif iliskiler tespit
edilmistir. Bu, daha fazla uluslararasi tecriibenin ve yiiksek tel gerginliginin daha iyi
siralama ile iliskili oldugunu gostermektedir. Ote yandan, kavrama kuvveti (r =
0.730, p = 0.040), esneklik (otur-uzan testi; r = 0.884, p = 0.004) ve motor
koordinasyon (KTK toplam puani; r = 0.711, p = 0.048) ile siralama arasinda anlamli
pozitif iligkiler bulunmustur. Ayrica viicut yag yiizdesi (r = 0.866, p = 0.005) ve
viicut kitle indeksi (VKI; r = 0.850, p = 0.008) de daha kotii siralamalarla iliskili

bulunmustur.

U12 erkeklerde, turnuvaya baslama yasi ile siralama arasinda neredeyse miikemmel
diizeyde pozitif bir iliski goriilmiistiir (r = 0.917, p = 0.001). Bu bulgu, spora erken
yasta baglayan sporcularin siralamada daha iist siralarda yer alma egiliminde

oldugunu gostermektedir.

Ul4 kizlarda, siralama ile herhangi bir degisken arasinda istatistiksel olarak anlaml
bir korelasyon bulunmamistir. Ancak U14 erkeklerde; ulusal ve uluslararasi tekler ve
ciftler mag sayisi ile toplam miisabaka sayilarinin siralama ile gii¢lii negatif iliskili
oldugu gozlemlenmistir (6rnegin, uluslararasi ¢ift mag sayisi r = -0.970, p = 0.001).
Bu durum, yogun miisabaka deneyiminin siralama basarisina katkisini ortaya
koymaktadir. Ayrica, viicut yag ylizdesi de siralama ile negatif yonde iliskili

bulunmustur (r = -0.848, p = 0.033).

U16 kiz sporcularda toplam mag sayisi ile siralama arasinda negatif ve anlamli iliski

goriilmistir (r = -0.730, p = 0.040). Bu, ma¢ deneyiminin bu yas grubunda da
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basarty1 destekledigini gostermektedir. Ayrica boy persentil degerleri ile siralama

arasinda da anlamli bir iliski mevcuttur (r = -0.720, p = 0.048).

Ul6 erkeklerde ise uluslararasi ¢ift ma¢ sayis1 (r = -0.759, p = 0.029), toplam
uluslararas1 mag sayisi (r = -0.722, p = 0.043) ve saglik topu atis1 performansi (r = -
0.759, p = 0.029) ile siralama arasinda giiclii negatif iliskiler bulunmustur. Bu da
uluslararas1 miisabaka deneyimi ile {ist viicut kuvvetinin, bu yas grubundaki

sporcularin siralama basarisi tizerinde etkili oldugunu gostermektedir.

Antrenorlerin yas gruplarina gore performans parametrelerine yonelik bakis agilari
incelenmigtir. Milli takim antrenorleri, her yas grubu icin performans belirleyicilerini
1 (en az 6nemli) ile 10 (en 6nemli) arasinda puanlamistir. U12 erkek grubunda motor
koordinasyon, ¢eviklik ve spora baslama yasi 6n plana ¢ikarken; motor koordinasyon
en yilksek puanla degerlendirilmistir. U12 kizlarda da benzer sekilde motor

koordinasyon 6ne ¢ikarken; ¢eviklik ve denge unsurlari da Gnemsenmistir.

U14 kiz grubunda motor koordinasyon yine en yiiksek puani almis; reaksiyon siiresi,
biyolojik olgunluk seviyesi ve haftalik antrenman siiresi de dikkat ceken diger
unsurlar olmustur. U14 erkeklerde ise zihinsel dayaniklilik, motor koordinasyon ve

ceviklik en ¢ok vurgulanan parametreler arasinda yer almistir.

U16 sporcularda ise hem kiz hem erkek gruplarda zihinsel dayaniklilik en ¢ok 6nem
verilen ozellik olarak 6ne ¢ikmistir. Kizlarda bunun yaninda 5 metre sprint stiresi,
haftalik antrenman hacmi ve mag sayisi; erkeklerde ise servis hizi gibi parametreler

de dikkate alinmstir.

Bu bulgular, antrendrlerin yas gruplarma 6zgli performans onceliklerine sahip
oldugunu gostermekte ve motor becerilerden psikolojik faktorlere gecisin gelisimsel

olarak nasil sekillendigine dair ipuglar1 sunmaktadir.

TARTISMA

Geng miisabik teniscilerin basariya ulagmasinda etkili olan faktdrlerin anlagilmasi,

yetenek tanimlama ve sporcu gelisimi agisindan kritik 6neme sahiptir. Bu ¢aligmada
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elde edilen bulgular, ulusal siralamalar ile demografik veriler, antrenman ve
misabaka gecmisi, fiziksel ozellikler, teknik yeterlilik ve psikolojik beceriler gibi
cok boyutlu degiskenler arasinda anlamli iliskiler oldugunu ortaya koymustur. Yas
ve cinsiyete gore farklilik gosteren bu iliskiler, geng tenisgilerin gelisimini etkileyen

faktorlerin karmagik dogasini vurgulamaktadir.

U12 erkek sporcularda, turnuvaya baslama yasinin siralama ile giiclii iligkisi, erken
rekabet ortamina girmenin gelisim siirecini hizlandirabilecegini gostermektedir. Bu
bulgu, Zappala ve arkadaslarinin (2024) erken basari ile uzun vadeli performans
arasinda kurdugu iliskiyle ortiismektedir. Ancak literatiirde, erken branslagsmanin
uzun vadeli bazi riskleri (6rnegin sakatlik, tiikenmislik) beraberinde getirebilecegi ve
coklu spor gecmisinin olumlu etkileri olabilecegi de belirtilmistir (DiFiori vd., 2014).
U12 kiz sporcularda, uluslararasi turnuva tecriibesinin siralama ile giiglii iligkisi; U14
ve Ul6 erkeklerde ise hem ulusal hem de uluslararasi mag¢ sayisinin siralama
basarisini olumlu etkiledigi goriilmiistiir. U16 kizlarda da benzer sekilde mag sayisi
basariyla iliskili bulunmustur. Bu bulgular, miisabaka deneyiminin oyun bilgisi,
zihinsel dayaniklilik ve teknik yeterliligi gelistirmedeki roliinii desteklemektedir
(Garcia-Gonzalez vd., 2015; Schinke vd., 2012). Ancak fazla miisabakaya bagl
yorgunluk ve sakatlik riski gibi potansiyel olumsuzluklara da dikkat edilmelidir

(Brenner vd., 2024; Carter, 2021).

Biyolojik olgunluk gostergeleri ile siralama arasindaki iliski, genel olarak anlamli
bulunmamistir. Bu sonug, Lopez-Plaza vd. (2022) ve Sogiit vd. (2023) gibi
caligmalarla uyumludur. Ozellikle kiz sporcularda, fiziksel olgunlugun siralamaya
etkisi erkeklere gore daha belirgin olabilmektedir. Bununla birlikte, tenisin yalnizca
fiziksel avantajlara degil; teknik, taktik ve zihinsel becerilere de dayali bir spor
oldugu gbéz Oniine alindiginda, erken olgunlagsma avantaji bu bransta daha sinirh

etkiye sahip olabilir.

Fiziksel uygunluk agisindan elde edilen bulgular da dikkat cekicidir. Ornegin U12
kizlarda diisiik kavrama kuvveti ve esnekligin daha iyi siralamalarla iligkili olmasi,
bu yasta iist viicut kuvvetinden ziyade teknik etkinligin ve hareket verimliliginin

daha belirleyici olabilecegini diisiindiirmektedir. U16 erkeklerde ise saglik topu
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atistyla olgiilen iist viicut kuvveti ile siralama arasindaki pozitif iliski, yasla birlikte
kuvvetin O0nem kazandigim1 gostermektedir. Buna karsilik, si¢rama, sprint,
dayaniklilik ve reaksiyon siiresi gibi diger Olciitlerle siralama arasinda belirgin bir
iliski bulunmamustir. Bu da geng yas gruplarinda teknik becerilerin ve oyun bilgisi

gibi unsurlarin fiziksel kapasiteden daha belirleyici olabilecegine isaret etmektedir.

Motor koordinasyonla ilgili bulgular bazi yas gruplarinda dikkat c¢ekici ters iliskilere
isaret etmistir. Ul2 kizlarda daha diisik KTK puanina sahip oyuncularin daha
yiiksek siralamada yer almasi, koordinasyon becerilerinin gelisimsel donemlerde
dalgalanabilecegini  gostermektedir. Ozellikle hizli  biiyiime dénemlerinde
koordinasyonda gecici diisiisler yasanabilir (Corso, 2018). Bunun yanmi sira, bazi
sporcular genel motor becerileri sinirl olsa da spora 6zgii teknik becerilerle basari
saglayabilir. Bu durum, erken yasta sadece tenise odaklanan sporcularin genel motor
yeterlilikte geride kalmasina ragmen teknik acidan avantajli  olabilecegini
gostermektedir (Myer vd., 2015). Daha ileri yas gruplarinda ise siralama ile motor
koordinasyon arasinda anlamli iliski bulunmamasi, oyuncular olgunlastik¢a motor
koordinasyonunun 6tesindeki faktorlerin performansta daha 6nemli bir rol oynadigini

one siirmektedir (Dirik & Sogiit, 2021).

Servis hizi ile siralama arasinda tiim yas gruplarinda anlamli bir iligki bulunmamustir.
Bu, geng yas gruplarinda sadece servis hizinin degil; isabetlilik, spin, yerlesim ve
taktik cesitliligin daha belirleyici oldugunu gostermektedir (Kovacs & Ellenbecker,
2011; Kovalchik & Reid, 2017). Ayrica etkili servis tekniklerinin temelinde dogru
biyomekanik ve vurus zinciri koordinasyonu yer aldigindan, ham hizdan ¢ok teknik

kalite one ¢ikmaktadir (Girard vd., 2007).

Zihinsel dayaniklilik ile siralama arasinda istatistiksel olarak anlamli bir iligki
bulunmamakla birlikte, Ul6 erkeklerde orta diizeyde negatif bir korelasyon
gozlenmistir. Bu durum, biligsel gelisimle birlikte zihinsel becerilerin ileri yaslarda
daha belirleyici hale geldigini gostermektedir (Cowden, 2016). Ayrica 6z bildirimle
toplanan psikolojik verilerin smirli giivenilirlige sahip olabilecegi unutulmamalidir.
Bu nedenle, zihinsel dayanikliligin sporda etkisini daha net anlayabilmek i¢in ¢ok

yonlii degerlendirme aracglarina ihtiyag vardir.
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Antrendrler, yas gruplarina gore farkli Onceliklere sahip olduklarmi ortaya
koymustur. U12 ve Ul4 kizlarda motor koordinasyon, temel teknik beceriler ve
denge gibi Ozellikler 6n plandayken; Ul4 erkekler ve U16 sporcularda zihinsel
dayaniklilik one ¢ikmaktadir. Bu degisim, gelisimsel siirecin ihtiyaclarina uygun
planlanmis bir antrendr yaklagimiyla da oOrtiismektedir. Antrendrlerin  motor
becerilerden psikolojik hazirlia uzanan bu gegisi dikkate alarak programlarini

yapilandirmalari, uzun vadeli basar1 i¢in 6nemlidir.

SINIRLAMALAR VE GELECEK CALISMALAR ICiN ONERILER

Bu calismanin bazi metodolojik ve uygulamaya yonelik sinirlamalar1 bulunmaktadir.
Asagida belirtilen kisithiliklar, bulgularin  yorumlanmasinda ve gelecekteki

arastirmalarin tasariminda dikkate alinmalidir.

Bu calismada, miisabaka ici taktiksel davraniglara iligkin veri toplanmamistir. Oyun
i¢i pozisyon alma, vurus se¢imi ve karar verme siirecleri gibi performansi dogrudan
etkileyen taktik unsurlar analiz edilmemistir. Oysa tenis gibi stratejiye dayali
sporlarda, taktik yeterlilik basar1 lizerinde belirleyici olabilir. Bu nedenle, ilerleyen
calismalarda mag i¢i oyun ¢oziimlemeleri ve taktik zekayr degerlendiren Olgiitlerin

dahil edilmesi Onerilir.

Psikolojik degerlendirme yalnizca zihinsel dayaniklilik dlgegiyle smirli kalmustir.
Konsantrasyon, motivasyon, 6z diizenleme ve kaygi gibi diger 6nemli psikolojik
faktorler degerlendirme disinda birakilmistir. Geng sporcularin performansi, birgok
psikolojik degiskenin etkilesimiyle sekillendiginden, ileriki arastirmalarda daha
kapsamli ve ¢ok boyutlu psikolojik test bataryalar1 kullanilmalidir.

Caligmada teknik beceri degerlendirmesi yalnizca servis hiziyla yapilmistir. Ancak
isabetlilik, vurus cesitliligi (forehand, backhand, vole, smag¢ vb.) ve oyun i¢inde bu
becerilerin uygulanabilirligi 6lciilmemistir. Teknik performans, 6zellikle genc yas
gruplarinda yalnizca kuvvet temelli bir gostergeyle degerlendirilemeyecek kadar
karmagiktir. Gelecek ¢alismalarda, hem beceriye dayali vurus testleri hem de isabet

ve karar verme temelli 6l¢glimler dahil edilmelidir.
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Bu c¢alisma, ¢ok boyutlu bir ¢ergeve sunmasina ragmen, bazi kritik alanlarda daha
detayli dl¢limlere ihtiyag duyuldugunu gostermektedir. Bu eksikliklerin giderilmesi,
geng tenisgilerin performansini daha kapsamli bicimde analiz etmeye ve yetenek

gelisim siireclerini daha etkili yonlendirmeye katki saglayacaktir.

PRATIK CIKARIMLAR

Bu calismanin sonuglari, geng tenisgilerin gelisimini ve ulusal siralamalardaki
ilerlemelerini optimize etmeyi hedefleyen antrendrler, spor bilimciler ve tenis
federasyonlar1 i¢in agik, kapsamli ve kanita dayali bir rehber sunmaktadir. Bulgular,
Ozellikle uluslararasi diizeyde miisabaka deneyiminin, tiim yas gruplarinda {ist
siralarda yer alma ile giiglii ve tutarh bir iliski gosterdigini ortaya koymustur. Bu
nedenle antrendrler ve federasyonlar, oyuncularin erken yaslardan itibaren iist

diizeyde rekabet edebilecekleri yapilandirilmis miisabaka yollar1 olugturmalidir.

U12 yas grubunda, 6zellikle kiz sporcularda uluslararasi turnuvalara katilim, daha {ist
siralamalarla anlamli diizeyde iliskilendirilmistir. Bu durum, erken yasta uluslararasi
deneyimin oyuncu gelisimi agisindan kritik bir unsur oldugunu gdstermektedir.
Ekipman tercihleri de performans iizerinde etkili olabilir; 6zellikle daha diisiik tel
gerginliginin (muhtemelen artan giic liretimi sayesinde) daha iyi siralamalarla iligkili
oldugu gozlemlenmistir. Dikkat ¢ekici sekilde, U12 kizlarda daha diisiik kavrama
giici, esneklik ve motor koordinasyon puanlarimin daha 1iyi siralamalarla
iliskilendirilmesi, bu donemde bu Ozelliklere asir1 odaklanmanin yararh
olmayabilecegini diislindiirmektedir. Bu nedenle antrenmanlar, spora 6zgii hareket
verimliliginin  gelistirilmesine  ve  miisabaka  deneyiminin  artirilmasina
odaklanmalidir. U12 erkeklerde ise turnuvalara daha erken yasta katilimn,
siralamada daha iist pozisyonlara ulagsmakla anlamli bir iligkisi bulunmustur. Bu
durum, erken yasta miisabik ortamlara girmenin uzun vadeli gelisim agisindan

degerli olabilecegini gostermektedir.

Ul4 grubunda o6zellikle erkek sporcularda, ulusal ve uluslararasi diizeyde oynanan
tekler ve c¢iftler mag¢ sayisinin yiiksek olmasi, siralamayla giicli  sekilde

iliskilendirilmistir. Bu bulgular, planli miisabaka takvimi ve stratejik rekabet
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yiiklemesinin gerekliligini ortaya koymaktadir. Ilging sekilde, bu yas grubundaki
erkek sporcularda viicut yag yiizdesi daha yiiksek olanlarin daha iyi siralamalara
sahip oldugu gortlmiistiir. Bu bulgu, her zaman daha diisiik yag oraninin avantaj
saglamadigin1 ve bireysellestirilmis fiziksel gelisim planlarinin uygulanmasinin
onemini gostermektedir. U14 kizlarda anlamli istatistiksel iligski saptanmamus olsa da
uluslararas1 mag¢ deneyimi arttik¢a siralama performansinda pozitif bir egilim oldugu
gorilmektedir. Bu grupta da koclarin miisabaka katilimini tesvik ederken oyuncunun
bireysel gelisim egrisine uygun, asamali bir antrenman plan1 gelistirmeleri

Onerilmektedir.

Ul6 yas grubunda, rekabet deneyiminin onemi giiclii bicimde devam etmektedir.
U16 kiz sporcularda toplam mag sayisinin artisi, siralamada {ist pozisyonlara ulagma
ile dogrudan iligkilidir. Ayrica bu grupta, daha kisa boya sahip sporcularin daha
yiiksek siralamalarda yer almasi dikkat ¢ekmistir. Bu durum, basariy1 etkileyen
faktorlerin sadece antropometrik avantajlara degil, oyun tarzi ve c¢eviklik temelli
stratejilere de bagli olabilecegini gostermektedir. U16 erkeklerde ise saglik topu
atistyla Olciilen st viicut giicii ve uluslararasi ¢ift mag sayisi ile siralama arasinda
anlamli iligkiler bulunmustur. Bu bulgular, gii¢ temelli antrenmanlarin 6zellikle bu
yas grubunda programlara entegre edilmesi gerektifine isaret etmektedir. Ayrica,
zihinsel dayaniklilik ile siralama arasinda istatistiksel olarak anlamli olmasa da orta
diizeyde bir iliski saptanmistir. Bu da psikolojik dayanikliligin, performansa katki

saglayan 6nemli bir unsur olabilecegini gostermektedir.
Paydaslara Yonelik Oneriler

Bu bulgular, gen¢ tenisgilerin gelisim siireglerinde rol oynayan tiim paydaslara

yonelik mesajlar igermektedir:

Antrendrler: Uluslararasi miisabaka deneyimini tesvik etmeli, antrenmanlar1 yasa
0zel ihtiyaclara gore yapilandirmali ve genel fiziksel gelisimden ziyade spora 6zgii

beceri adaptasyonlaria odaklanmalidir.

Ebeveynler: Fiziksel gelisimle ilgili ger¢ekei beklentilere sahip olmali, ¢ocuklarin
belirli fiziksel standartlara ulagsmalar1 i¢in baski yapilmamali ve yapilandirilmis

miisabaka takvimlerinin degeri konusunda bilgilendirilmelidir.
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Federasyonlar, akademiler ve kuliipler: Ozellikle U12 ve Ul4 yas gruplarmdaki
oyuncular i¢in erken uluslararasit deneyim kazandiracak planli ve erisilebilir rekabet
yollar1 olusturmali, buna paralel olarak yasa ve gelisim diizeyine uygun fiziksel ve

zihinsel gelisim programlarini da desteklemelidir.

Kuvvet ve kondisyon uzmanlari: Yas grubuna 6zgii siralama belirleyicilerine gore
programlarin1 6zellestirmeli; Orne8in geng¢ yas gruplarinda esneklik ve kavrama
kuvveti birinci Oncelik olmayabilirken, ileri yas gruplarinda kuvvet gelisimine

oncelik verilebilir.

Antrenman, miisabaka ve gelisim programlarinin bu bilimsel bulgularla uyumlu hale
getirilmesi, genc¢ teniscilerin performanslarmi iist diizeye ¢ikarmalarina ve ulusal

siralamada daha {ist diizey basarilara ulasmalarina 6nemli katkilar saglayacaktir.

SONUC

Bu ¢alisma, uygulanan testlerin geng tenisgilerdeki performans belirleyicilerinin bir
kismim agiklayabildigini gostermistir. Bulgular, ulusal siralamalarin yas ve cinsiyete

gore farkl faktorler ile iligkili oldugunu ortaya koymustur.

Ul2 kiz sporcularda, uluslararasi turnuvalara katilim siralamayla pozitif iliskili
bulunurken; daha diisiik tel gerginligi tercihinin de siralama iizerinde olumlu etkisi
oldugu gdzlemlenmistir. Ilging sekilde, kavrama giicii, esneklik, motor koordinasyon,
viicut yag oram ve VKI degerleri arttikga siralamanim diistiigii goriilmiistiir. Bu
durum, bu yas grubunda fiziksel parametrelere asir1 odaklanmanin performansla
dogrudan ortiismeyebilecegini diisiindiirmektedir. Antrenmanlarin, daha ¢ok spora
0zgli hareket verimliligini ve mac¢ deneyimini gelistirmeye yonelik olmasi
onerilmektedir. Ul2 erkeklerde, turnuvalara erken yasta katilim, siralama ile
neredeyse miikkemmel diizeyde iliskilendirilmistir. Bu, erken yasta miisabaka

ortamina girmenin gelisim lizerindeki olumlu etkisini vurgulamaktadir.

Ul4 kizlarda istatistiksel olarak anlamli bir iligki saptanmamis olmakla birlikte,

egilimler uluslararas1 ma¢ deneyiminin siralama iizerinde etkili olabilecegini
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gostermektedir. Ul4 erkeklerde ise Ozellikle uluslararasi diizeyde oynanan mag
sayist ile siralama arasinda giiglii negatif korelasyonlar saptanmistir. Ayrica, bu yas
grubunda daha yiiksek viicut yag yiizdesine sahip sporcularin daha iist siralarda yer
almas1 dikkat cekicidir. Bu bulgu, fiziksel kompozisyonun idealize edilmesinden

ziyade bireysel farkliliklara dayali yaklagimlarin 6nemini gostermektedir.

U16 kizlarda toplam mag¢ deneyimi siralamayla pozitif iligkili bulunmustur. Bu, bu
yas grubunda diizenli olarak ma¢ oynamanin gelisimi destekledigini ortaya
koymaktadir. Ayrica, daha kisa boya sahip sporcularin siralamada daha avantajli
oldugu gozlemlenmistir. Bu durum, oyun tarzi tercihlerinde ¢eviklik ve hareket

ekonomisinin 6ncelik kazandigini diistindiirmektedir.

Ul6 erkeklerde ise uluslararasi ciftler miisabaka deneyimi ile saglik topu atisi
performanst (iist viicut giicli) siralamayla anlamli iliski gostermistir. Zihinsel
dayaniklilik ve VKI de pozitif egilim gostermis ancak istatistiksel anlamliliga
ulagsmamustir. Bu sonuglar, performans belirleyicileri arasinda fiziksel, psikolojik ve

deneyimsel unsurlarin etkilesimini gostermektedir.

Katilimcilarin  %41,4’ti KTK testinde normalin {izerinde motor koordinasyon
seviyeleri gostermistir. Antrendr gorisleri, U12 sporcular ve Ul4 kizlar i¢in motor
koordinasyonu 6nemli bir performans belirleyicisi olarak vurgularken; U14 erkekler
ve U16 gruplarinda zihinsel dayaniklilik oncelikli faktdr olarak degerlendirilmistir.
Bu, gelisim donemlerine gore oOncelikli performans alanlarinin  degiskenlik
gosterdigini ve antrenman programlarinin buna gore yapilandirilmas: gerektigini

ortaya koymaktadir.

Bu bulgular, miisabaka deneyimi, motor koordinasyon ve zihinsel dayaniklilik gibi
cok boyutlu unsurlarin bir araya gelerek basariyr sekillendirdigini gostermektedir.
Geng sporcularda rekabet ortamina erken maruz kalmanin, hareket becerilerinin
gelistirilmesinin ve zihinsel hazirligin desteklenmesinin uzun vadeli gelisim igin

kritik oldugu anlagilmaktadir.

Caligmanin genel sonuglari, demografik bilgiler, antrenman ge¢misi, ekipman

tercihleri, fiziksel gelisim diizeyi, fiziksel yeterlilik, teknik beceriler, motor
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koordinasyon, psikomotor yetenekler ve antrendr degerlendirmeleri gibi birgok
bireysel degiskenin siralamayla iligkili oldugunu ortaya koymaktadir. Ancak bu
iliskilerin yas gruplarmma gore tutarlilik gostermemesi, her yas grubu ig¢in farkhi

gelisim stratejilerinin gerekliligine isaret etmektedir.

Turnuva deneyimi, incelenen tiim yas kategorilerinde (U12, U14, U16) siralamayla
anlaml iligki gosteren tek degisken olmustur. Bu bulgu, miisabaka ortamina daha
fazla katilimin puan biriktirme, mag¢ pratigi ve stresle basa ¢ikma gibi konularda

kiimiilatif avantaj sagladigini gdstermektedir.

Sonug olarak, tenis performans: tek bir alan iizerinden degerlendirilemez. Bunun
yerine, gelisimsel, fiziksel, teknik, biligsel, psikolojik ve deneyimsel faktorlerin
biitiinsel sekilde dikkate alindig1 ¢ok boyutlu yaklagimlara ihtiya¢ vardir. Bu ¢alisma,
geng tenisgilerin gelisiminin tiim agsamalarinda uygulanabilecek kapsamli bir bakis
acist sunarak, tenis bransinda yetenek belirleme ve oyuncu gelisimi literatiiriine

anlamli bir katki saglamaktadir.
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