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Associations Between Anthropometric Characteristics, Motor Abilities and
Technical Skill Development in Lebanese Youth Basketball:
A Cross-Positional Study

ABSTRACT

Introduction: Technical skills, motor abilities and anthropometry are important factors in
the development of young basketball players. Anthropometric measures are very important
for tests of skills and physical abilities. The interaction of these factors and differences in
relation to game position have not been sufficiently examined.

Purpose: The purpose of this dissertation was to investigate the relationships among certain
anthropometric characteristics and physical abilities, and to determine their impact on
basketball skills among young Lebanese basketball players, by gender and playing position.

Methods: Bioelectrical impedance and standardized testing protocols were used to measure
the body composition, motor abilities (vertical jump, T-drill, 20 m sprint), and basketball
skills (shooting, dribbling, passing) in a sample of 260 players (160 males, 100 females; ages
16-18). Regression analysis and Pearson correlations were performed.

Results: The predictive efficiency of the anthropometric characteristics were limited unlike
motor skills. Body fat percentage strongly predicted shooting ( p<.05; R?2~.10) and partially
influenced dribbling (R?~.14), but not passing. Shooting was predicted by power and speed
(R?~.24), while dribbling was predicted by agility, speed, and power (R?~.38). Power barely
faintly predicted passing (R?=.16). Although gender attenuated these correlations, playing
position had a greater impact on motor abilities than technical skills.

Conclusion: Technical performance depends on motor skills, particularly agility, speed, and
explosive strength, while anthropometric considerations are minor. Training should balance
physical conditioning with technical improvement, and talent assessment should consider
gender and developmental stage.

Keywords: Adolescents, Technical Performance, Basketball, Sex Characteristics, Guard,
Foreward, Center

Scientific Field: Physical education and sport

Scientific subfield: Physical education, sports and recreation sciences
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Penanuje n3amely aHTpOImOMETpH]CKUX
KapaKTepUCTHKA, MOTOPUYKUX CLIOOCOHOCTHU U
pa3Boja TEXHUYKHUX BEIITUHA Y JIMOAHCKO]
OMJIQJIMHCKO] KOIIapIK: CTYArja IIpeceKa

PE3VIME

YBon: TexHuuke BelTHMHe, MOTOPWYKEe CIOCOOHOCTV ¥ aHTPOIOMeTpuja Cy BaXHU
daxTopm y pasBojy Miaamx KolllapKaila. AHTpOIOMeTpUjcKe Mepe Cy BeoMa BaKHe 3a
TeCToBe BellITVHa M PuU3MUIKmx criocobHoctn. VIHTepakiinja oBux dakTopa u pasimke y
OIIHOCY Ha IIO3ULIM)y Y UI'PV HICY JOBOJBHO VICIIUTAHE.

Hwse: Lwe ose mmcepramuje je Omo ma ce wmcmmTajy omHocu m3Meby ompebenmx
AHTPOIIOMETPUjCKMX KaPaKTEePUCTUKA M (PU3MUKMX CIIOCOOHOCTM M [a Ce YTBPOV FbIXOB
YyTUIIQj Ha KONIapKalllke BeIITVHe KOf MIaayux JIMOaHCKMX KOIIapKallla, II0 IOy U
HO3ULIUV Y UTPUL.

Metogne: buoenexkrpuyHa mMIenaHca ¥ CTaHAApAW30BaHM IIPOTOKOJIV TecTUparba Cy
MIPUIMER-eH 32 Mepere TeJIeCHOT cacTaBa, MOTOPUUKIIX CIIOCOOHOCTM (BePTMKAIHM CKOK,
T-tpernnr, cipuaT Ha 20 M) 11 KOIIapKaIIKIMX BEeIITHHA (LITy THparbe, JPUOIVHT, TogaBarbe)
y y30pKy oz 260 urpaua (160 mymikaparia, 100 xxena; yspacra 16-18 rogusxa). V3spiieHa je
perpecnona ananmsa u [ Inpconose kopenanyje.

Pesynratn: IlpenukriBHa eduKacHOCT aHTPOIIOMETPUjCKMX KapaKTepucTuKa Owia je
orpaHMYeHa, 3a Pa3jIMKy Of MOTOPMYKMX BelllTiHA. [IpolieHaT TellecHe MacTV CHa’KHO je
npeasupeo myTtupame (p<.05; R? ~.10) n gemmuuno npubimmur (R? ~14), anmmu He un
nonasame. lllyTupame je npensubenHo cHarom n Op3uHOM (R? ~.24), nok je mpuOavHT
npensuben arvtHoThy, 6p3ueHOM 11 cHaroM (R?~.38). CHara je jeriBa IpeiBuiea JofaBambe
(R2~.16). Maxo je o ocstabrio oBe Kopesialiyje, IIo3uyja y UTpy nMaia je Behu yTuilaj Ha
MOTOpPUYKE CITIOCOOHOCTM HeTro Ha TeXHUYKe BellITHHe.

3axspyuak: Texnmuke nepdopMaHce 3aBuce Of MOTOPUUYKMX BellTMHa, II0ceOHO
arvwIHOCTY, Op31MHe 1 eKCIUIO3MBHE CHare, [IOK je yTullaj aHTporoMeTpuje Mayin. TpeHnHr
Tpeba [1a ypaBHOTeXM (PUINUKY KOHOMIIMjYy ca TeXHUUYKMM II0OOJbpIllar-eM, a IIpolieHa
TajleHTa TpeOa [1a y3Me y 003up II0JI U pa3BojHY dasy.

Krpy4aHe peun: asioriecrieHT, TeXHUYKe riepdopMaHce, KOIIapKa, IT0IHe KapaKTepUCTHKe,
Oex, KpwIo, IIeHTap

Hayuna o6s1acT: @u3nyko BacOuTame M CIIOPT

Y>kxa Hay4gHa o6s1acT: PU3MUKO BacOouTarbe, CIOPT U peKpealiyja

YAK 6poj: 796.323.012.1:796.323.015.1:572
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1 CHAPTER ONE: INTRODUCTION

1.1 Introduction

Both adults and children around the world enjoy playing basketball as a team sport.
Basketball has advanced considerably over the past few decades, and the proportion of
teenagers playing the sport has noticeably increased (Sodaitis, 2020). Selecting the most
talented players is necessary given the large number of young basketball players
(Masanovic, 2018). Thankfully, there is increasing interest in assessing athletes'
performance, recognizing their strengths and shortcomings, assigning players positions,
and identifying talent beyond coaches and physio managers (Masanovic, 2018). However,
rather than researching talented athletes identified by tests, the scientific community has

been more interested in examining the developmental paths to expert performance (Falk et
al., 2004).

According to Trninic and Dizdar (2000), basketball is a highly dynamic and spontaneous
sport that requires a blend of individual technical ability, physical fitness, team-oriented
tactical knowledge, and motivational factors. Multidirectional movements and brief bursts
of high-intensity activities, including sprinting, shuffling, jumping, and quick direction
changes, are among the game's physical demands (Crisafulli et al., 2002). According to
Cronin et al. (2003), coaches are therefore encouraged to focus on short, intense exercises
(speed and agility) and assessments such as the vertical jump, agility T-test, sprints over
extremely short distances (5 or 10 m), etc.

Because basketball involves so many unusual game situations that require frequent, quick
changes of direction on the relatively small court, agility is very important. Basketball
practice must therefore include agility drills that prioritize technique, strength, and sprint
conditioning, as well as the improvement of perception and decision-making skills
(Jakovljevi¢ et al., 2011).

Physical factors (strength, speed, muscle power, body height), alongside psychological
aspects (self-confidence, self-determination, calmness), as well as technical and tactical
skills, are all crucial components of a basketball player's profile. Basketball players'
movement efficiency both with and without the ball, as well as in technical and tactical
aspects of the game, is greatly influenced by their cognitive abilities, such as tactical
thinking, alongside physical abilities like power, speed, and change of direction speed
(Balciunas et al., 2006; Ben Abdelkrim et al., 2007). Although body height is genetically
determined, players' physical ability to meet the demands of a basketball game can be
evaluated using power, speed, and change-of-direction speed, all of which are influenced
by training adaptation (Ben Abdelkrim et al., 2007; Bompa, 2000). Both the selection and
training assessment processes benefit from this.

According to earlier studies, elite athletes exhibit high levels of speed, agility, and power,
which are important performance indicators (Hoare, 2000). There is still much to learn about
the relationship between these physical characteristics and basketball-specific abilities,
especially among young athletes undergoing developmental transitions (Le Gall et al.,
2010).



Basketball has changed a lot in the last several years, especially due to new rules that have
sped up games and increased the need for both anaerobic and aerobic fitness (Ostojic et al.,
2006). Examining how anthropometric and physical characteristics affect player success
across different positions is crucial as the game becomes increasingly physically taxing.
Because of their different physical and technical requirements, guards, forwards, and
centers require different training plans (Winter et al., 2006). Knowing how these elements
interact can help create customized training plans that align with job specifications and
personal development paths.

Talented players can be distinguished from their peers based on anthropometric and
physical traits (Jakovljevi¢ et al., 2011). High basketball performance has been linked to
attributes like body height, body weight, arm span, quickness, and jumping ability
(Hoare, 2000; Le Gall et al., 2010). Physical and anthropometric traits have been shown to
predict young players' success (Le Gall et al., 2010) and aid in identifying gifted athletes
(Hoare, 2000). It has been determined that a variety of physical attributes, including speed,
agility, and jumping height, as well as anthropometric traits such as body height, body
weight, and arm span, can be used to differentiate top players from others (Vila et al., 2012;
Hoare, 2000).

The relationship between certain basketball technical field tests and specific anthropometric
parameters suggests that some anthropometric measurements may have a moderately
negative impact on technical skill performance in 14-year-old players (Karalejic et al., 2011).
Furthermore, findings from three regression analyses indicate a moderate yet significant
influence of anthropometric variables on sprint test results in 14-year-old basketball players
(Jakovljevic et al., 2011). However, despite these findings, it remains unclear how these
physical characteristics influence the development of basketball-specific skills such as
shooting, dribbling, and passing in young players aged 16 to 18 years, especially in different
contexts. Moreover, further research is needed to determine whether these anthropometric
characteristics can be integrated into predictive models to assess game-related performance
in young athletes (Sodaitis, 2020).

Speed and agility are among the least commonly evaluated qualities in basketball research,
according to a comprehensive analysis of earlier studies (Ivanovic et al., 2022). There is little
empirical data linking these physical characteristics to basketball-specific abilities such as
ball handling and shooting accuracy, despite their importance to game performance. A
study analyzed the basic motor skills (20 variables) and basketball skills (4 variables) of
high-quality 13 and 14-year-old basketball players and examined their correlations. The
findings suggest a strong relationship between motor and basketball skills, with explosive
power, speed, and agility playing a key role in performance. Dribbling, defensive
movement, and passing were the most influential basketball skills. The study identified
significant connections, with the first two established roots being the most important
(Karaleji¢ et al., 2011).

Additionally, the T-test and triple jump from a standing position showed a strong
correlation with basketball skills, making them useful for assessing agility and explosive
power in young players. These insights could help compare and evaluate talent in players
of the same age group (Karalejic et al., 2011). Furthermore, whereas many studies have

2



examined how biological maturation affects the performance of teenage athletes (Rinaldo et
al., 2020), fewer have examined preadolescent athletes and the complex relationships among
physical attributes, technical skill, and anthropometric features. The assessment of young
athletes is made more difficult by growth-related developmental variations, underscoring
the need for thorough evaluation methods.

Numerous team sports, such as American football, soccer, rugby, and volleyball, have
consistently demonstrated the importance of physical and anthropometric traits in talent
selection (Hoare, 2000; Ostojic et al., 2006). These studies have repeatedly shown that a mix
of technical abilities and physical characteristics influences athletic success. More precisely,
studies on basketball have shown that up to 40% of the variation in playing performance
can be explained by fitness test results (Hoare, 2000). However, insufficient research has

been conducted to determine the extent of these interactions, especially in Lebanese youth
basketball.

In the Lebanese context, basketball has been the most successful sport at an international
level, with the national team qualifying for the World Championship four times (Nassif &
Amara, 2018). The country's professional league, which features National Basketball
Association (NBA) players, has contributed to the sport's growing popularity. However,
despite basketball's prominence, youth player development programs lack a systematic
approach to assessing physical and technical skills based on playing position. There remains
a significant knowledge gap regarding how different anthropometric and physical
attributes influence skill development and performance in young Lebanese basketball
players.



2 CHAPTER TWO: LITERATURE REVIEW

2.1 Introduction

Anthropometric and physical fitness characteristics are crucial for the development of
technical skills and positional difference in youth basketball, according to the reviewed
research. Even if there are recurring patterns that favor athletes who are taller, more
explosive, and better coordinated, inclusive, integrative, and culturally diverse research is
still desperately needed. This chapter will advance theoretical knowledge and practical
approaches in talent development by offering fresh perspectives on this theme.

2.2 Motor Learning and the Intergrative Model of Sports
Performance in Basketball

Basketball skill acquisition is widely recognized as a complex process grounded in the
principles of motor learning, which describe how athletes develop, refine, and automate
movement patterns through repeated practice and experience. Motor learning theory
emphasizes the interaction between cognitive processing, perceptual awareness, and motor
execution in the acquisition of sport-specific skills. In basketball, this interaction is
particularly evident in the acquisition of fundamental techniques such as dribbling,
shooting, passing, and defensive movements, all of which require coordinated
neuromuscular control, perceptual decision-making, and continuous environmental
feedback.

Within this theoretical perspective, the development of basketball performance cannot be
understood solely in terms of isolated physical or technical attributes. Rather, performance
emerges from the interaction of multiple domains that collectively influence athletic
effectiveness. This view aligns with the Integrative Model of Sports Performance, which
proposes that successful performance results from the dynamic interaction of four key
components: physical, technical, tactical, and psychological factors (Williams & Reilly,
2000). According to this model, athletes must possess not only the physical capacities
required for sport performance such as strength, speed, and agility but also the technical
proficiency to execute sport-specific skills, the tactical understanding to make effective
decisions during play, and the psychological attributes necessary to perform consistently
under competitive pressure.

In basketball, these components operate simultaneously during gameplay. For example,
executing an accurate jump shot requires appropriate biomechanical technique, sufficient
explosive power, perceptual awareness of defenders and teammates, and psychological
control to maintain accuracy under time constraints. Similarly, effective dribbling demands
rapid decision-making, spatial awareness, and precise motor coordination, often under
dynamic, unpredictable conditions. The integrative model, therefore, highlights that
technical skills cannot be separated from the physical and cognitive processes that support
their execution.



Motor learning theory further explains how athletes gradually develop these complex
performance capabilities. One of the most widely recognized frameworks describing skill
acquisition is Fitts and Posner’s three-stage model, which outlines the progression of
learning through cognitive, associative, and autonomous stages (Magill & Anderson, 2010).
During the cognitive stage, athletes focus on understanding the fundamental mechanics of
a skill, often requiring conscious attention and frequent feedback. In the associative stage,
movement patterns become more refined as errors decrease and coordination improves
through continued practice. Finally, in the autonomous stage, the skill becomes automatic,
allowing the athlete to perform efficiently while simultaneously processing tactical and
environmental information during competition.

The application of motor learning principles in basketball training has been supported by
empirical research. For instance, Gaggioli et al. (2013) demonstrated that combining mental
training techniques with physical practice significantly enhanced the learning of complex
basketball skills. Their findings suggest that cognitive strategies, such as imagery and
attentional focus, can facilitate motor learning by improving movement planning and
execution. Similarly, Benjaminse et al. (2017) emphasized the importance of motor learning
strategies in basketball training, particularly for movement control and injury prevention.
Their study highlighted how task-oriented learning environments and feedback
mechanisms can improve both skill performance and movement efficiency among
basketball players.

In addition, instructional approaches used in coaching can influence how effectively players
acquire basketball skills. Nugroho et al. (2019) investigated the impact of different teaching
models on basketball learning outcomes and found that training approaches aligned with
motor learning principles significantly improved players’ technical performance. Their
findings suggest that the effectiveness of skill acquisition depends not only on the quantity
of practice but also on the quality of instructional methods and the learner’s existing motor
skill level. This reinforces the importance of adopting evidence-based coaching strategies
that support the progressive development of technical proficiency.

A key implication of motor learning theory for basketball training is the importance of
creating representative learning environments that closely replicate the perceptual and
decision-making demands of real game situations. Training tasks that simulate the dynamic
conditions of competition such as variable defensive pressure, time constraints, and
decision-making challenges can enhance the transfer of learned skills to actual gameplay.
Furthermore, incorporating variability in practice conditions can promote adaptability,
enabling players to apply learned techniques effectively in unpredictable situations
(Davids et al., 2008).

Another important aspect of motor learning involves the role of feedback and deliberate
practice in facilitating skill development. Both intrinsic feedback (information from the
athlete’s own sensory system) and extrinsic feedback (guidance from coaches or technology)
contribute to refining movement patterns and correcting errors during training (Schmidt, &
Lee, 2025). Deliberate practice, characterized by structured, goal-oriented training with
continuous feedback, has been identified as a critical factor in the long-term development
of athletic expertise (Ericsson et al., 1993).



Moreover, motor learning emphasizes the need for individualized training approaches that
take into account an athlete’s physical characteristics, learning style, and stage of skill
development. Players differ in their anthropometric profiles, physical capacities, and prior
experience, all of which can influence how quickly and effectively they acquire basketball
skills. Tailoring training programs to these individual characteristics can accelerate learning,
enhance motivation, and improve long-term performance outcomes.

In summary, motor learning theory and the Integrative Model of Sports Performance
provide complementary frameworks for understanding the development of basketball
skills. While motor learning explains the processes by which athletes acquire and refine
movement patterns, the integrative model highlights the broader interactions among
physical, technical, tactical, and psychological factors that influence overall performance.
Together, these perspectives emphasize that effective basketball training should adopt a
holistic approach, integrating physical conditioning, technical instruction, cognitive
development, and psychological preparation. Such an approach not only facilitates skill
mastery but also prepares athletes to perform effectively in the complex, dynamic
environment of competitive basketball.

2.3 Body Composition

2.3.1 Conceptualizing Body Composition

The proportionate distribution of various tissues and substances within the human body is
referred to as body composition. Usually, it can be divided into two main parts: fat mass
(FM) and fat-free mass (FFM). All adipose tissue is included in fat mass, whereas all non-fat
components, such as skeletal muscle, bone, water, and organ tissue, are included in fat-free
mass. Skeletal muscle is the main source of FFM. To assess physical condition and
performance potential, this categorization is frequently used in exercise science, sports
nutrition, and health research (InBody, 2018).

2.3.2 Key Components of Body Composition
A. Skeletal Muscle Mass (SMM)

Movement, metabolic control, and general bodily function are all significantly influenced
by skeletal muscle. It makes up the majority of FFM and accounts for about 32% of female
body mass and 40% of male body mass (Janssen et al., 2004; Alvar et al., 2017). These
muscles' distinct anatomical and functional characteristics contractility, excitability,
extensibility, and elasticity are what allow them to produce force and movement (Stankovi¢
et al., 2022). Skeletal muscle is crucial for performance and physical adaptation since it is the
sole metabolically active tissue among the components of body composition (Alvar et al.,
2017).



B. Body Fat and Lipid Structure

Numerous vital physiological functions, including energy storage, thermoregulation, organ
protection, and hormone balancing, are performed by body fat. It belongs to the larger class
of lipids, which also includes essential and non-essential fats, and is biochemically
constituted of triglyceride molecules, which are composed of three fatty acids and glycerol
(Nikolaidis & Vassilios Karydis, 2011; Wang et al., 1992). Despite its vital roles, having too
much body fat especially stored or non-essential fat raises the risk of diabetes,
cardiovascular disease, and death (Charles et al., 2008; Stevens et al., 1998). It's crucial to
maintain a healthy fat percentage; readings below 4% are thought to be harmful to long-
term health (InBody, 2018).

Researchers have created a variety of body composition indices, including the Body Fat
Mass Index (BFMI), Skeletal Muscle Mass Index (SMMI), and Muscle-Fat Index (MFI), to
better understand and track fat-related health and performance consequences. To provide
more reliable assessments, these methods take into consideration individual differences in
sex, age, and body size (de Oliveira et al., 2016; Kuki¢ & Dopsaj, 2017).

2.3.3 Anthropometric and Body Composition Profiles: Foundations for
Performance and Talent Identification in Basketball

Anthropometric characteristics and body composition are fundamental determinants of
basketball performance, forming the structural and physiological basis for movement
efficiency, skill execution, and position-specific roles. Measurable attributes such as height,
limb length, arm span, body mass, and the distribution of lean and fat tissue influence both
mechanical and metabolic aspects of performance. These characteristics affect immediate
athletic capabilities and play a significant role in long-term player development,
individualized training design, and systematic talent identification throughout various
stages of athletic progression (Lago-Pefas et al., 2011)

Body composition, defined as the relative proportions of lean and fat mass, directly
influences key physical capacities in basketball, including strength, power, speed, agility,
and endurance. A favorable body composition, characterized by higher lean muscle mass
and lower non-functional fat mass, enhances force production, movement efficiency, and
metabolic performance (Alejandro et al., 2015; Wilmore et al., 2004). These physiological
advantages contribute to improved explosive performance in sprinting, jumping,
rebounding, and rapid directional changes. Research indicates that increased lower-body
muscularity significantly improves vertical jump performance and sprint acceleration,
while lower adiposity supports greater agility and reduces fatigue during high-intensity
play (Nikolaidis et al., 2014). Additionally, the strength-to-weight ratio is critical in sports
requiring frequent explosive movements, as a higher proportion of functional muscle mass
relative to total body weight enables athletes to generate greater power during dynamic
actions such as rebounding, shot blocking, and rapid transitions (Ziv & Lidor, 2009).
Morphological dimensions such as height, arm span, and limb length are also decisive for
basketball-specific performance. These structural characteristics influence biomechanical
leverage and spatial reach, which are essential in many aspects of the game. Taller players
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with longer limbs often have advantages in shooting over defenders, contesting shots,
rebounding, and protecting the basket, making such attributes particularly valuable for
frontcourt positions such as centers and forwards (Hoare, 2000). Conversely, players
occupying perimeter positions typically benefit from relatively lighter body structures and
lower fat percentages, which facilitate greater mobility, speed, and coordination when
performing tasks such as dribbling, rapid changes of direction, and defensive coverage
(Carvalho et al., 2018).

Recent research underscores the importance of anthropometric characteristics in
differentiating competitive levels within basketball populations (Alejandro et al., 2015). For
instance, Torres-Unda et al. (2013) found that elite adolescent basketball players exhibit
superior anthropometric and maturational profiles compared to non-elite counterparts,
particularly in stature and physical development. Similarly, a systematic review and meta-
analysis by Han et al. (2023) identified anthropometric attributes, especially height, body
mass, and limb dimensions, as key predictors in basketball talent identification models.
These findings reinforce that structural characteristics contribute significantly to
performance potential and competitive success.

Recent studies on youth athlete development have emphasized the value of anthropometric

profiling in guiding talent selection and long-term development pathways. Bartlett and
Murray (2025) examined the anthropometric and physical characteristics of highly trained
youth basketball players and concluded that body size and physical development are
important considerations in talent selection. However, their findings also highlight the need
to evaluate these characteristics alongside functional performance measures to achieve a
comprehensive understanding of athletic potential. Similarly, Susanto et al. (2024) proposed
an integrated talent identification model for young basketball players that combines
anthropometric measures with biomotor, technical, and tactical assessments, underscoring
the multidimensional nature of athletic development. and performance-monitoring
programs, anthropometric and body-composition assessments can provide valuable
information for coaches and sports scientists. Such evaluations enable practitioners to
design individualized conditioning and nutritional strategies tailored to each athlete's
specific physical characteristics and developmental needs. For instance, players with higher
body fat may benefit from targeted metabolic conditioning and dietary interventions to
improve body composition. In contrast, athletes seeking to enhance explosive performance
may focus on resistance and plyometric training to increase lean muscle mass and
neuromuscular efficiency. Through these individualized approaches, training programs can
optimize both performance outcomes and long-term athlete health.

Anthropometric monitoring is especially valuable in youth basketball, where biological
growth and maturation significantly influence performance trajectories. Tracking changes
in body size, limb length, and body composition during adolescence can help identify early
maturers and athletes with long-term developmental potential, even if they do not yet
exhibit superior performance characteristics. Recognizing these growth patterns enables
coaches and talent scouts to make more informed decisions regarding athlete selection and
development, reducing the risk of excluding promising players based solely on temporary
physical disadvantages.



While anthropometric characteristics are useful indicators of potential performance, relying
solely on structural attributes can lead to biased talent identification practices.
Contemporary talent development literature emphasizes that physical characteristics
should be evaluated alongside technical skills, tactical awareness, psychological readiness,
and physical performance capacities to ensure a balanced and equitable assessment of
athletic potential (Vila et al., 2012, Han et al, 2023; Susanto et al., 2024). This
multidimensional perspective aligns with modern athlete development frameworks, which
recognize that long-term success in basketball depends on the interaction of structural,
functional, technical, and cognitive factors.

In summary, anthropometric characteristics and body composition are essential
components of basketball performance analysis and talent development. These physical
attributes influence movement efficiency, biomechanical advantage, and role specialization,
and provide valuable information for training design and athlete monitoring. When
integrated with broader performance assessments, anthropometric profiling serves as a
critical tool for optimizing player development, supporting evidence-based talent
identification, and enhancing both current performance and long-term athletic progression
in basketball.

There are a number of ways to measure body composition, and each has its own pros and
cons. Skinfold measures and bioelectrical impedance analysis (BIA) are often employed
field techniques due to their non-invasive nature and cost-effectiveness, although their
precision is influenced by variables such as the examiner's proficiency, hydration level, and
testing environment (Ceniccola et al., 2019). Dual-energy X-ray absorptiometry (DEXA),
hydrostatic weighing, and air displacement plethysmography (BodPod) are more accurate
ways to measure fat mass and lean tissue, but they need special equipment and aren't as
easy to use for regular tests (Ackland et al., 2012).

2.4 Physical Abilities in Basketball

Basketball requires quick, multidirectional motions, explosive actions, and prolonged
physical exertion, hence physical prowess is crucial to performance. Speed, agility,
muscular strength, power, endurance, balance, coordination, and flexibility are important
physical characteristics. For players to react quickly to shifting game circumstances, speed
and agility are essential for swift offensive and defensive transitions (Scanlan et al., 2012).
Jumping, running, and contact-heavy plays like driving to the basket or grabbing rebounds
are all supported by muscular strength and power (Stojanovic¢ et al., 2018). Athletes can
sustain performance for the duration of the game thanks to their aerobic and anaerobic
endurance, particularly when they are fatigued (Ben Abdelkrim et al., 2007). Flexibility
promotes joint mobility and injury prevention, whereas balance and coordination facilitate
the execution of technical skills and movement efficiency (Ziv & Lidor, 2009).

It is essential to identify and improve these physical attributes through focused training in
order to maximize player development, boost output, and reduce the chance of injury.
Furthermore, the significance of customized training methods in basketball situations is



underscored by the variations in physical demands among playing positions (Ostojic et al.,
2006).

2.4.1 Muscular Strength and Force Production

A. Definition and Mechanisms

Muscular strength is broadly defined as the ability of a muscle or muscle group to exert
force to overcome resistance. It can be evaluated under static (isometric), dynamic
(concentric and eccentric), or isokinetic conditions (Pescatello, 2014). This capacity is
underpinned by biomechanical and physiological factors, particularly the muscle’s intrinsic
contractile properties and its interaction with neural drive.

A.1. Mechanistic Relationships

- Force-Length (F-L): The Force-Length (F-L) is the optimal length of a sarcomere,
where actin and myosin filaments overlap to generate maximum tension. Force
decreases with muscle overstretching (Gordon et al., 1966).

- Force-Time (F-T): Longer force production times increase muscle force. The notion
states that slow and explosive movements behave differently (Nigg et al., 2000)

- Force-Velocity (F-V): The relationship between force and velocity in concentric
actions is inverse (F-V). Muscle force decreases with contraction speed and vice versa.
Eccentric contractions increase force with velocity up to a point (Nigg et al., 2000).

A.2. Neural and Structural Factors

Force production goes beyond muscle size. Neurological and architectural variables also affect
strength.

A.3. Brain Contributions

- Motor Unit Recruitment: Improved recruitment and synchronization of motor units
contribute to initial training strength improvements (Enoka, 1997).

- Firing Frequency: Increased firing frequency improves tetanic contractions and force
output (Nikolaidis et al., 2014).

- Intermuscular Coordination: Activating agonists and inhibiting antagonists
enhances movement efficiency (Behm & Sale, 1993).
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A.4. Structure

- Muscle Cross-Sectional Area (CSA): Hypertrophy increases parallel sarcomeres,
boosting force production capacity (Zatsiorsky et al., 2020).

- Muscle Architecture: Pinnation angle, fiber length, and thickness affect force output
(Lieber & Fridén, 2000).

- Fiber Type Distribution: Type II (fast-twitch) fibers increase force and power,
whereas Type 1 (slow-twitch) fibers enhance endurance. Limited fiber type
composition change can result from training (Staron et al., 1991).

2.4.2 Muscular Endurance

A. Definition and Types

Muscular endurance is the ability to perform submaximal muscle contractions over time,
resisting fatigue. It is typically assessed through repetitive dynamic movements or
sustained isometric contractions (Pescatello, 2014).

A.1. Types of Muscular Endurance:

- Absolute Endurance: The total number of repetitions performed at a given load,
irrespective of individual maximum capacity. It is useful for comparing population-
wide standards.

- Relative Endurance: Performance is measured using a percentage of the individual’s
one-repetition maximum (1-RM), thus allowing comparisons across different
strength levels (Zatsiorsky et al., 2020).

These distinctions are especially relevant in performance testing, rehabilitation, and training
program design.

A.2. Occupational Relevance

Muscular endurance plays a vital role in occupational settings that demand sustained
physical output, particularly in tactical populations (e.g., law enforcement, military,
tirefighting).

- Field-Related Testing: Tasks such as push-ups, sit-ups, and loaded carries are
standardized in many physical readiness assessments (Pihlainen et al., 2018).

- Performance Prediction: Studies have shown strong correlations between muscular
endurance scores and occupational task performance (Dawes et al., 2016).
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- Injury Prevention: Adequate endurance reduces musculoskeletal fatigue and the
risk of overuse injuries in high-demand professions (Anderson & Plecas, 2000).

Moreover, endurance training enhances work capacity and task efficiency, making it
essential in physical readiness programs

2.4.3 Strength, Speed, and Agility in Basketball

Strength, speed, and agility are widely recognized as three of the most fundamental physical
attributes influencing basketball performance. The sport is characterized by intermittent,
high-intensity actions such as sprinting, jumping, cutting, and rapid directional changes, all
of which require the integrated functioning of these physical qualities. The dynamic
interaction between strength, speed, and agility supports both offensive and defensive
tasks, including executing fast breaks, performing explosive jumps for rebounds and blocks,
evading defenders, and sustaining physical contact during gameplay. Athletes who develop
these physical capacities generally demonstrate improved performance outcomes, greater
resistance to fatigue and injury, and enhanced positional effectiveness on the court.
Research consistently demonstrates that basketball performance depends on the ability to
generate force rapidly and apply it efficiently during explosive movements (Ziv & Lidor,
2009). The physiological and biomechanical demands of basketball require players to
perform repeated short bursts of high-intensity actions interspersed with lower-intensity
activity. Consequently, effective training programs target the simultaneous development of
muscular strength, sprint speed, and multidirectional agility to optimize performance
(Delextrat & Cohen, 2009; Jakovljevic et al., 2012). The relative importance of these attributes
varies by positional role, playing level, and athlete maturation, underscoring the need for
individualized, position-specific conditioning strategies. Studies of youth and elite
basketball players indicate that improvements in strength, speed, and agility are strongly
associated with enhanced technical skill execution, such as dribbling efficiency, defensive
movement, and shooting stability (Ziv & Lidor, 2009; Delextrat & Cohen, 2009; Erculj et al.,
2010). As a result, coaches and sport scientists increasingly implement integrated training
models that combine resistance training, sprint development, and agility-based drills to
reflect the complex movement patterns required in competitive basketball (Stankovi¢ &
LlankoBa-KasosiHOBa, 2018).

A. Strength

Muscular strength is a critical physical component for basketball players, with lower-body
and core strength underpinning many explosive and high-force movements during games.
Lower-body strength directly contributes to jumping performance, sprint acceleration, and
stability during rapid directional changes. Upper-body strength, by contrast, facilitates
effective passing, shooting stability, ball control under defensive pressure, and physical
resilience during contact situations such as driving to the basket or competing for rebounds
(McGill et al., 2012).
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Multiple studies have demonstrated a strong relationship between muscular strength and
basketball-specific performance indicators. Greater lower-body strength is associated with
increased vertical jump height, improved sprint performance, and enhanced ability to
maintain positional dominance against opponents (Ziv & Lidor, 2009; Mclnnes et al., 1995).
Core strength is also vital for trunk stabilization and efficient force transfer between the
lower and upper body during explosive actions, which improves movement efficiency and
reduces injury risk (McGill et al., 2012; Willardson, 2007).

Evidence from youth basketball populations suggests that early development of strength-
related abilities contributes to improved speed-strength capacities and overall athletic
performance. For instance, research on 10-11-year-old basketball players found significant
relationships between morphological characteristics and speed-strength abilities, indicating
that strength development is closely linked to athletic growth and performance potential
(Djordjevi¢ et al., 2016). Therefore, resistance training programs tailored to age, training
status, and playing position are recommended to support progressive strength
development in basketball.

B. Speed

Speed is another essential physical attribute. Speed is an essential physical attribute in
basketball, encompassing both linear sprinting ability and rapid acceleration and
deceleration over short distances. Unlike continuous running sports, basketball involves
frequent short bursts of high-speed movement interspersed with changes in pace and
direction. Players must accelerate quickly to initiate offensive drives, sprint during fast-
break transitions, and decelerate effectively to execute defensive stops or change direction
to improve offensive and defensive effectiveness. For example, rapid acceleration enables
players to create separation from defenders, while efficient deceleration allows them to
perform sudden stop-and-go maneuvers characteristic of basketball gameplay. Straight-line
sprinting is particularly important during transition phases, when players must move
quickly from defense to offence or vice versa (Sheppard & Young, 2006). Empirical research
on youth basketball athletes indicates that speed development progresses with age and
training experience. A study of elite male players aged 12 and 14 reported significant
improvements in sprint performance and agility with increasing age, highlighting the
influence of neuromuscular development and structured training on speed capabilities
(Jakovljevic et al., 2012). Basketball-specific speed training emphasizes explosive power
production, efficient stride mechanics, and neuromuscular coordination. Training methods
such as resisted sprinting, overspeed drills, and short-distance sprint intervals are
commonly incorporated into conditioning programs to enhance acceleration and maximal
sprint velocity. Because basketball players repeatedly perform short, high-intensity runs
during games, training protocols often include repeated-sprint-ability (RSA) exercises to
simulate the sport’s intermittent physiological demands.
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C. Agility

Agility is a complex motor ability that integrates physical movement capacity with
perceptual and cognitive decision-making processes. In basketball, agility refers to the
ability to rapidly change direction or body position in response to internal or external
stimuli while maintaining balance and control (Young et al., 2015). This skill is essential
during defensive rotations, offensive cutting, and reactive movements in response to
opponents’ actions. Performance involves multiple physical components, including
muscular power, coordination, balance, acceleration, deceleration, and dynamic flexibility
(Alvar et al., 2017). However, basketball agility is not purely mechanical; it also involves
perceptual awareness and rapid decision-making. Players must constantly interpret visual
and auditory cues, such as an opponent’s movement, a teammate’s pass, or a coach’s
instruction, and adjust their movements accordingly.

Research on positional differences in basketball performance shows that agility levels often
vary between playing positions due to differences in physical demands and tactical roles.
Guards and perimeter players typically exhibit superior agility and speed because of their
responsibilities in ball handling, defensive pressure, and rapid directional changes, whereas
interior players rely more on strength and power (Delextrat & Cohen, 2009; Stankovi¢ &
IlankoBa-kajiosiHOBa, 2018).

Agility training programs frequently incorporate multidirectional movement drills, reactive
stimuli exercises, and sport-specific movement patterns. Exercises such as defensive slides,
close-out drills, cutting maneuvers, and reaction-based agility tasks develop both the
physical and cognitive aspects of agility. Regular practice of these drills under unpredictable
conditions enhances players’ ability to react quickly and effectively during real-game
situations (Ostojic et al., 2006).

D. Training Implications

Basketball players need to follow position-sensitive, progressive, and targeted training
regimens to maximize their strength, speed, and agility. Plyometric exercises cultivate
explosive power, while resistance training improves basic strength. Specialized workouts
that focus on mechanics, responsiveness, and movement diversity are necessary for speed
and agility.

Programming should be based on position-specific requirements; for example, guards tend
to emphasize agility, quickness, and lateral movement, whilst forwards and centers may
place greater emphasis on strength, vertical power, and spatial control in the post (Ostojic
et al., 2006). Transfer to competitive play can also be enhanced by integrated conditioning
that blends technical proficiency with physical development, for as by integrating agility
exercises with ball handling. To guarantee adaptation and advancement, training should
ultimately be customized, sport-specific, and routinely evaluated.
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2.4.4 Endurance and Flexibility in Basketball Player Development

Basketball training methods emphasize strength, power, and speed since they are essential
to explosive actions like sprinting, jumping, and directional shifts. For complete athletic
development, endurance and flexibility are essential. These traits help maintain
performance during a game, recover from high-intensity efforts, and move efficiently.
Endurance and flexibility improve an athlete's resilience, movement efficiency, and injury
prevention.

Basketball players perform high-intensity motions with short rests. Thus, athletes need
strong physiological capacities to maintain these efforts without performance degradation.
Flexibility lets athletes accomplish complex technical skills within optimal ranges of motion,
reducing muscle and joint stress. Endurance and flexibility improve technical performance,
competition recovery, and musculoskeletal injury risk.

A. Endurance

The ability to withstand repeated high-intensity workouts and recuperate efficiently
between them is called basketball endurance. Sprinting, jumping, rebounding, and
defensive slides are alternated with short rest periods in the sport. This intermittent
structure strains aerobic and anaerobic energy systems. Aerobic endurance helps recover
from high-intensity activities and maintain performance during extended playtime
(Mclnnes et al., 1995). Anaerobic metabolism supports brief peak efforts.

Basketball players execute repeated sprints, accelerations, and decelerations throughout
matches, requiring effective energy system interaction. A well-developed aerobic system
helps athletes recover quickly between exertion, preserving speed, technical accuracy, and
tactical decision-making under fatigue (Montgomery, 2010). As weariness builds, work rate,
response time, and technical skill execution decrease.

Research shows that endurance boosts job capacity and game efficiency. Higher aerobic
fitness allows players to undertake more high-intensity actions during games without
exhaustion (Ben Abdelkrim et al., 2007). Endurance development helps athletes handle
intense training and recover between sessions.

Endurance and physiological demands of basketball require basketball-specific fitness.
Basketball players are advised to increase aerobic and anaerobic conditioning using HIIT,
sprint training, and small-sided games (Castagna et al., 2008). These methods include
tactical and technical features, making them useful for sport-specific performance
enhancement. Recent basketball conditioning research emphasizes sport-specific endurance
testing and training approaches. Studies show that assessment techniques must reflect the
sport's intermittent and multidirectional demands (Jelicic, 2024). Team-based endurance
training improves athletic performance, justifying its inclusion in long-term athlete training
programs (Karjalainen, 2021).
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B. Flexibility

Flexibility, governed by muscle elasticity, tendon extensibility, joint anatomy, and
neuromuscular coordination, is the ability of a joint or group of joints to move freely through
its whole range of motion. Basketball requires flexibility for safe and effective dynamic
movements. Effective defensive stances, rapid pivots, rebounding jumps, layups, and
directional adjustments demand adequate joint mobility.

Flexibility helps athletes perform technical skills with optimal biomechanics, improving
efficiency and reducing muscle and joint stress. Behm & Sale (1993) found that flexibility
reduces compensatory movement patterns in joints with limited range of motion.
Compensations might increase the risk of overuse injuries, especially in the lower limbs and
lumbar region, which are emphasized during basketball.

Flexibility improves posture, balance, and coordination, which are needed for stability
during rapid, complicated movements. According to research on basketball players,
flexibility positively impacts physical performance characteristics including balance and
functional movement efficiency (Ozer, 2019). These data suggest that basketball physical
preparation programs should include flexibility.

Due to the sport's dynamic nature, basketball players have moderate to high flexibility,
according to studies. Basketball players showed significant flexibility due to their
movement patterns and training demands (Peltekova & Ignatov, 2018).

Basketball flexibility training is usually static and dynamic. Warm-ups usually include
dynamic flexibility exercises to prepare muscles and joints for high-intensity motions during
training and competition. These workouts stimulate neuromuscular function and joint
mobility. Static stretching is done during cool-downs or mobility training to build flexibility
and support recovery.

Structured flexibility training in basketball conditioning programs improves movement
efficiency, biomechanical alignment, and injury risk. Together with strength, speed, and
endurance, flexibility creates a balanced physical profile for optimal basketball
performance.

2.5 Technical Skill Development in Basketball

2.5.1 Introductory preview to Basketball Technical Skills

Technical skill proficiency constitutes a fundamental aspect of basketball performance,
allowing players to execute game-related actions with accuracy, efficiency, and consistency.
Core basketball skills, such as dribbling, passing, shooting, rebounding, and defensive
movements, form the foundation for implementing tactical strategies during gameplay
(Gomez et al., 2013). Mastery of these skills enables players to maintain ball control under
pressure, generate and capitalize on scoring opportunities, and respond effectively to the
dynamic and unpredictable nature of competitive basketball. Therefore, the development
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of technical abilities is essential for both individual and team performance at all levels of
play.

From a developmental perspective, technical skills are closely linked to motor learning
processes and biomechanical efficiency. Skill acquisition involves repeated practice,
perceptual awareness, and the gradual refinement of coordinated movement patterns.
Effective execution of basketball techniques depends on the integration of physical
capacities such as strength, speed, and coordination with cognitive processes that support
decision-making and situational awareness (Jelicic, 2024). For instance, accurate shooting
requires precise biomechanical alignment, controlled force production, and the ability to
assess defensive pressure and adjust movement timing. Similarly, effective dribbling
necessitates coordinated hand-eye control, spatial awareness, and rapid adaptation to
defensive challenges.

Coaching literature emphasizes that technical skill development should follow a
progressive and structured approach. Kathy (2007) asserts that basketball instruction must
prioritize the establishment of strong fundamental skills before introducing advanced
techniques and tactical applications. Foundational abilities, including ball handling, passing
accuracy, and shooting mechanics, serve as the basis for more complex skills. Properly
establishing these fundamental techniques equips players to perform effectively under the
physical and cognitive demands of competitive environments.

Training methodologies are critical in facilitating technical development. Krause and
Nelson (2019) state that effective basketball training programs should include structured
drills that reinforce fundamental mechanics while gradually increasing task complexity.
Repetitive practice through drills, such as ball-handling sequences, passing patterns, and
shooting routines, enables players to internalize movement patterns and enhance
consistency. Modern coaching approaches, however, emphasize that drills should not occur
in isolation from the tactical context of the game. Instead, training should progressively
incorporate elements of game realism, such as defensive pressure, decision-making
requirements, and variable movement patterns. On to mechanical repetition, the teaching
of technical skills should also incorporate tactical understanding and decision-making
components. Hawkins et al. (2015) note that effective coaching strategies integrate both
technical and tactical instruction, enabling athletes to understand not only how to perform
a skill but also when and why it should be applied during competition. This integrative
approach enhances the transfer of learned skills from training environments to actual
gameplay, improving overall performance.

Empirical research in both recreational and competitive basketball contexts underscore the
importance of technical competencies for successful gameplay. For example, Wang et al.
(2010) identified fundamental skills such as dribbling control, passing accuracy, shooting
consistency, and defensive positioning as essential for effective participation in adult pickup
basketball games. Their findings indicate that technical proficiency is crucial for maintaining
offensive flow, facilitating team coordination, and generating scoring opportunities, even in
less structured environments.
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The quality and structure of practice environments also influences the development of
technical skills. Deliberate practice characterized by purposeful repetition, corrective
feedback, and progressively challenging tasks has been widely recognized as an essential
mechanism for skill development. In basketball training, contextualized drills that simulate
real-game conditions help players develop adaptability and decision-making skills while
reinforcing technical execution (Wang et al, 2010). For example, small-sided games,
situational drills, and constraint-based training tasks can effectively replicate the perceptual
and temporal demands of competitive basketball, thereby enhancing the transfer of
technical skills to match situations.

As players advance through various stages of athletic development, their technical abilities
should become increasingly complex and adaptable. Early developmental stages emphasize
mastering basic motor skills and fundamental basketball techniques. With maturation and
experience, technical execution becomes more refined and integrated with tactical
understanding and game intelligence (Wang et al., 2010). This progression reflects the
broader developmental pathway, wherein athletes transition from learning isolated skills to
performing them automatically in complex competitive environments.

In summary, technical skill development is a central pillar of basketball performance. The
acquisition and refinement of fundamental skills such as dribbling, passing, and shooting
are essential for effective participation and the successful execution of tactical strategies
during gameplay. These skills are influenced by motor learning processes, physical
conditioning, coaching methodology, and the quality of training environments. Therefore,
effective basketball development programs should emphasize structured practice,
progressive skill instruction, and the integration of technical and tactical elements to
support the long-term development and performance of players.

2.5.2 Fundamentals of Technical Skill Acquisition

As in many complicated sports, basketball technical skill acquisition is a steady, systematic
process that develops, refines, and automates performance-related motor skills. Dribbling,
passing, and shooting must be gradually learned and integrated into game circumstances
where players must make quick decisions and move quickly. Motor learning theories
explaining how athletes learn, refine, and stabilize movement patterns through practice and
experience help this development.

Fitts and Posner's three-stage model of skill acquisition cognitive, associative, and
autonomous is frequently used. Learners concentrate on skill mechanics at the cognitive
stage. This stage teaches basketball fundamentals like ball handling, passing, and shooting.
As athletes learn new motor patterns, performance is uneven and requires frequent
feedback and intentional attention to movement execution.

Practice leads to the associative stage, where athletes polish and synchronize their motions.
Players increase error correction, timing, rhythm, and movement efficiency at this stage.
Associative basketball players have better ball handling, shooting mechanics, and
fundamental technique fluidity. Attri (2019) states that this stage increases movement
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stability and reduces cognitive load, allowing athletes to focus on situational performance
rather than movement mechanics.

The autonomous level is the last, when technical skills are performed automatically.
Repeated repetition and motor program consolidation automate motions at this level.
Basketball players can dribble while scanning the court, make rapid passes, and shoot under
pressure without thinking. This automation frees up cognitive resources for tactical
decision-making, anticipation, and situational awareness during play.

Practice and repetition help the nervous system create internal representations of movement
patterns for these automated motor responses (Schmidt et al., 2018). As they repeat
activities, athletes improve their motor programs' accuracy, coordination, and efficiency.
Basketball training uses isolated and contextualized practice. Shooting mechanics and
dribbling control are refined in isolated practice. Contextualized practice uses scrimmages
and situational drills to test tactical awareness and decision-making (Wang et al., 2010).

Research on skill acquisition suggests that effective training environments should combine
both types of practice to maximize learning. Hodges and Williams (2012) note that frequent
technical drills and representative gameplay conditions assist players transfer practice skills
to competition. This integration enhances adaptation and keeps technical skills effective
under time and defense restrictions (Wang et al., 2010).

Feedback helps correct and improve motor performance during skill acquisition. Athletes
receive intrinsic feedback from their sensory and proprioceptive systems and extrinsic
feedback from coaches, video analysis, or performance tools (Magill & Anderson, 2010).
Feedback helps athletes recognize movement execution faults and improve their
approaches. To improve performance, film analysis and biomechanical examinations can
assist players detect shooting form and body alignment inefficiencies.

Cognitive processes also shape technical skills. Basketball skills are rarely performed alone;
players must evaluate visual information, predict opponents' actions, and choose proper
reactions. Perceptual-cognitive talents including attention management, anticipation, and
decision-making speed have been proven to boost performance even among athletes with
equivalent physical traits (Vickers, 2007). These cognitive qualities help players use
technical skills in high-pressure games.

Structured training for motor and cognitive development is common in skill acquisition
strategies. Structured learning environments with incremental task difficulty, careful
practice, and performance-enhancing instructional tools are crucial, according to Louridas
(2016). Clear performance goals and remedial learning help learners progress faster through
skill acquisition. Orner (2009) found that systematic training structures that integrate
instruction, guided practice, and performance evaluation improve technical skill
development.

Progressive learning models in basketball instruction teach players basic techniques before
moving on to more advanced tactical applications. Later training includes competitive
drills, small-sided games, and situational exercises that require quick perception and
decision-making. Early training emphasizes basic motor coordination and skill familiarity.
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This systematic strategy develops players from novices to skilled athletes who can execute
technical maneuvers in competitive settings.

In summary, technical skill acquisition in basketball is a multifaceted process that involves
the gradual progression from conscious skill learning to automated performance. Guided
by motor learning principles, players refine their technical abilities through structured
practice, repeated execution, and continuous feedback. The integration of cognitive
processes, perceptual awareness, and representative training environments further
enhances the transfer of learned skills to real-game situations. Consequently, well-designed
training programs that combine deliberate practice, feedback mechanisms, and
progressively challenging tasks are essential for the effective development of basketball
technical skills and long-term athlete expertise.

2.6 Gender Differences in Basketball

Gender is a fundamental categorical factor that influences basketball performance by
affecting anthropometric characteristics, physical abilities, and technical skill execution.
Among both youth and elite athletes, males and females display distinct structural and
functional profiles that determine role capabilities and performance outcomes on the court
(Vescovi & McGuigan, 2008; Ostojic et al., 2006). These differences arise from biological
maturation, hormonal influences, long-term training adaptations, and sociocultural factors
that shape sports participation.

2.6.1 Anthropometric and Physical Differences in Basketball

Empirical evidence indicates that male basketball players typically exhibit greater height,
body mass, skeletal muscle mass, and lower relative body fat percentages than female
players of comparable age and training background (Nikolaidis et al., 2014; Vescovi &
McGuigan, 2008). These structural characteristics confer mechanical advantages for actions
such as rebounding, shot blocking, and explosive movement, which are especially
important for interior positions such as centers and forwards. In contrast, female players
generally display higher body fat percentages and lower absolute muscle mass, which may
affect strength-dependent tasks but do not necessarily constrain agility or skill execution in
perimeter roles when training is appropriately structured (Ostojic et al., 2006).

Physical performance metrics further underscore gender disparities. Research demonstrates
that male players generally surpass female players in maximal sprint speed, lower-body
power, vertical jump height, and agility assessments (Sattler et al., 2015; Vila et al., 2012).
These differences are primarily attributed to greater androgen-mediated muscle
development and enhanced neuromuscular efficiency in males, which provide advantages
in rapid acceleration, directional changes, and forceful movements. In contrast, gender
differences in endurance and technical proficiency tend to be smaller and are substantially
influenced by training exposure and skill development programs (Ziv & Lidor, 2010).
Implications for Technical Skill Development. Gender also modulates basketball-specific
technical skills, though the patterns are more nuanced than those observed for physical or
anthropometric differences. Male players often demonstrate higher absolute scores in
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shooting, passing, and dribbling tests, largely due to greater muscular power and speed,
which facilitate forceful passes and fast breaks (Sattler et al., 2015). Nonetheless, when
adjusted for relative strength or training experience, female players can achieve skill levels
comparable to those of male players, particularly in precision-based or decision-making
tasks (Carter et al., 2005; Nikolaidis et al., 2014). These observations indicate that while
physical attributes may enhance skill execution, cognitive-motor factors such as technique,
coordination, and perceptual abilities play a critical role in mitigating gender-based
differences.

2.6.2 Developmental and Training Implications

Recognizing gender-based differences is crucial for youth basketball development, as it
guides the creation of individualized training strategies that optimize performance and
minimize injury risk. For example, male players may benefit from programs that integrate
agility and skill refinement with strength and power development. Conversely, female
players may require targeted neuromuscular training to improve explosive capacity and
technical efficiency (Lloyd & Oliver, 2012). Addressing these distinctions aligns with long-
term athlete development models, which recommend gender-sensitive approaches that
account for biological maturation, anthropometric characteristics, and skill-acquisition
trajectories (Vaeyens et al., 2008).

In summary, gender is a critical determinant of basketball performance, shaping both the
structural and functional capacities of young athletes. Considering gender-specific
differences allows coaches, trainers, and sports scientists to develop tailored programs that
maximize individual potential, foster skill development, and promote equitable talent
identification.

2.7 Positional Differences in Basketball

2.7.1 Role-Specific Requirements in Basketball

Positional variations are a major factor in identifying the precise technical and physical
abilities that basketball players must master in order to perform at their best. The physical
characteristics, skill sets, and tactical responsibilities required for the main playing
positions: point guard, shooting guard, small forward, power forward, and center have an
impact on a player's career path and position on the team.

Point guards are frequently referred to as the team's "floor general," and their main duties
include defense, playmaking, and ball distribution. Point guards must therefore typically
possess exceptional speed, agility, and ball-handling abilities. Quick passes, making snap
decisions, and shooting from the outside are frequently their technical priorities (Ostojic et
al., 2006). Usually renowned for their ability to score points, shooting guards also prioritize
speed and agility, but they also need to pay closer attention to precision, particularly when
shooting from a distance. They must create scoring opportunities, maneuver through
defensive coverage, and make rapid cuts and pull-up jump shots as part of their job (Ziv &
Lidor, 2009).
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Due to their versatility, small forwards require a variety of talents on the court. In addition
to being able to shoot from the outside, they must be agile, have the ability to handle the
ball, and be able to finish at the basket. In order to contribute both offensively and
defensively, this role necessitates a well-rounded technical and physical skill set (Carvalho
et al., 2018). Power forwards and centers, who are usually taller and more physically strong,
must be excellent at interior defense, rebounding, and post play. In order to block shots,
grab rebounds, and finish in the paint, they emphasize strength and jumping ability. Their
main emphasis is on physicality, posture, and controlled movements, but they also need to
have rudimentary shooting skills, especially in mid-range shots (Ostojic et al., 2006).

These positional variations show how training plans should be customized to build the
unique technical and physical skills required for each role.

2.7.2 Positional Profiles and Performance Demands in Youth Basketball

Basketball features guards, forwards, and centers. Each job has unique physical qualities,
talents, and duties. Body type, fitness, and technical ability shape these roles and how
players perform in games. Knowing these disparities helps youth basketball coaches
improve training regimens, develop skill, and match players' abilities to positions.

Basketball positions vary by size and ability, according to research. Elite-level study shows
that height, body mass, and physical performance meet job needs (Abdelkrim et al., 2010;
Ferioli et al., 2018). These variances affect players' movements and frequently used talents.
Specializing in a position requires tactical and physical ability.

On the perimeter, guards put up plays, move the ball, and create scoring chances. Their
smaller size and lesser weight enable them maneuvers and change direction swiftly. These
traits help them handle the ball, start fast breaks, and defend perimeter. Guards must
dribble, pass accurately, and make rapid decisions under pressure. They also manage the
offence and teamwork, which requires technical competence and awareness (Carvalho et
al., 2018; Ziv & Lidor, 2009).

Forwards can play inside and outside. Medium-sized people must balance strength and
quickness. Forwards score from mid-range, rebound, defend, and play half-court and fast-
break. Forwards need many skills and physical abilities because they do so much. They train
to be adaptive, gain power, improve agility, and practice shooting for their diverse roles
(Carvalho et al., 2018).

Team centers are usually tallest and strongest. They play largely near the basket, where their
size and muscle help. Height, long arms, and body mass enable them rebound, block shots,
and score near to the rim. Strength, balance, and positioning matter more than speed or
agility for centers. Muscle strengthening, basket maneuvers, and stability for severe physical
play are common training goals (Ostojic et al., 2006).

Positional responsibilities have various physical and physiological demands during
competition beyond structural qualities. Beyond body type, each basketball position has
various physical demands throughout games, according to match-play activity patterns.
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Guards perform better. When guards handle the ball and play in transition, they sprint and
turn faster (Gutiérrez-Vargas et al., 2021). Forwards and centers jump, rebound, and touch
more, requiring strength and power. Research demonstrates that each position has varied
physical stress during sports, therefore training should match each role (Rocha et al., 2025).
Positional roles affect competition mobility and skill use (Espasa-Labrador et al., 2025).
Guards may cover more ground and change directions faster, while interior players may
jump and fight more. Recognizing these variances lets coaches adjust training regimens to
each role's physiological and technical needs.

Players improve faster with position-specific training. Guards should work on speed,
agility, coordination, and ball-handling. Forwards need power, movement, and shooting
practice. Centers practice strength, rebounding, and basket moves. Coaches can help players
enhance their responsibilities with tailored instruction.

Positional profiling helps identify talent and plan long-term growth in addition to training.
Assessing how anthropometric qualities, physical capacities, and technical skills interact
within different positions helps identify talent and prepare for long-term growth. Coaches
and scouts can find young players that fulfil specific roles by assessing body shape, fitness,
and talents. Developers, coaches, and sports scientists may build more effective
development programs that improve individual and team performance by keeping things
flexible as youngsters grow and evolve. Moreover, studying positional characteristics across
developmental stages helps explain how young basketball players gain the physical and
technical skills needed for high-level competition.

2.8 Interplay Between Physical and Technical Skill Development
in Basketball

The dynamic interaction between anthropometric characteristics and physical fitness levels,
which both influence an athlete's capacity to learn and execute technical skills, must be taken
into consideration in a comprehensive approach to young basketball development. Body
Height, arm span, body mass, and body composition are examples of structural
characteristics that offer biomechanical benefits that facilitate actions like shooting,
guarding, and rebounding. Taller players with longer arms, for example, are frequently
better at tasks requiring extended reach, and lower body fat increases endurance and agility
(Malina et al., 2004; Ziv & Lidor, 2009).

In addition to these structural benefits, the ability to perform complicated basketball skills
under game-like settings requires physical attributes such as strength, speed, agility, and
explosive power.

Motor learning theory states that repeated, adaptive practice is necessary for skill
acquisition (Schmidt et al., 2018). This is best achieved when an athlete's physical condition
supports power, balance, and coordination. For instance, increased leg strength and
explosive capability improve jumping and shooting mechanics, while increased agility
improves ball-handling and defensive maneuvers (McGill et al., 2012; Sheppard & Young,
2006).
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Positional demands further shape the link between technical and physical growth. While
centers and forwards depend on body height and power for rebounding and post-play,
guards usually need speed and coordination to dribble and shoot under pressure (Carvalho
et al.,, 2018). Coaches can assign tasks that best suit individual talents and maximize
development outcomes by matching technical training to an athlete's physical profile.

Furthermore, as neuromuscular development improves control and coordination,
adolescence is a crucial time for combining technical and physical development. It is
possible to guarantee that physical gains are translated into on-court performance by
integrating fitness elements straight into technical drills, such as by utilizing plyometrics
while shooting or agility workouts during passing.

In conclusion, it is better to see the development of technical basketball skills as a complex
process that is impacted by both physical conditioning and anatomical structure.

2.9 Related Research

Basketball is a complex sport that requires a wide range of physiological, physical, and
technical skills. Players' anthropometric and physical fitness profiles have a significant
impact on how they develop their technical skills and allocate themselves to positions
during adolescence, a time of significant growth and developmental heterogeneity. Long-
term athlete development, training customization, and talent discovery are all based on the
interaction of these factors.

The results of 10 pertinent research that look at the functions of anthropometric, physical,
and technical factors in juvenile basketball with a focus on positional differences are
integrated in the literature review that follows.

This synthesis highlights key patterns, methodological consistencies, and gaps in the current
literature and situates the rationale for the present study.

2.9.1 Anthropometric and Physiological Profiling Across Playing Positions
in Youth Basketball

Basketball players' anthropometric and physiological features affect their positional
obligations, technical assignments, and development. Elite and youth-level studies show
that physical attributes vary by status. This affects performance and customized training.

Position-specific potential is largely determined by height, wingspan, standing reach, and
body mass. Cui et al. (2019) evaluated NBA combine statistics and showed that centers
surpassed other positions in height (mean = 210.8 cm), arm span (mean = 223.1 cm), and
reach (277.4 cm).

These structural advantages affect rebounding, shot-blocking, and post-play dominance.
Adolescent centers are taller and have longer arms than guards, and Gryko et al. (2019)
found that they had more biological maturity variables that contribute to early positional
specialization in youth-level study.
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More than stature, physiological traits distinguish positions. In terms of vertical leap ratings,
forwards often have more explosive leg power than guards and centers (Cui et al., 2019).
While centers excelled in strength-based exercises and vertical jumping, Mikotajec et al.
(2025) found that younger athletes did better in sprint tests.

These data show that positioning needs vary by job, combining power, speed, and agility.
Position-specific technical skill competency gaps are prominent. Guards are known for their
ball-handling and passing accuracy, which are essential for starting plays and overcoming
defensive pressure due to their lean build and quickness. Centers emphasize shot-blocking,
interior scoring, and post moves, relying more on power than ability or quickness. Forwards
must have a versatile skill set for interior play and perimeter shooting (Carvalho et al., 2018;
Ziv & Lidor, 2009). Longitudinal and comparative research supports the physical
characteristics-performance link. Hoare (2000) found that coaches' "Best" juvenile athletes,
whether male and female, had better anthropometric and fitness profiles than their
classmates. The same study's regression models explained over 38% of performance
variance for men and 41% for women, demonstrating the importance of anthropometric
profile in talent identification. Overall, basketball's positional demands necessitate a deep
understanding of how physiological and anthropometric parameters affect technical
requirements. Coaches should adopt position-specific training approaches that match each
athlete's traits. By meeting each playing role's physical and technical needs, this strategy
optimizes development and performance.

2.9.2 Physical Fitness and Technical Skill Performance

Basketball positions require specific physical performance characteristics. In their analysis
of 60 young athletes (ages 15-18), Ili'c et al. (2022) found that while centers outperformed
guards in standing vertical leap (mean = 54.8 + 4.1 cm) and standing reach (mean = 264.3 +
5.6 cm), guards showed superior change-of-direction speed (T-test = 9.72 + 0.33 s). The
predictive value of these metrics was confirmed when their discriminant analysis models
correctly identified 88.9% of players based on physical tests.

When differentiating across competitive levels, Han et al. (2023) found moderate-to-large
impact sizes for vertical leap (d = 0.49), 20m sprint (d = 0.35), and agility (d = 0.40) in their
meta-analysis of nearly 3,000 youth and elite players. The VO: max impact size was tiny (d
= 0.18), indicating that aerobic capacity had little bearing on talent differentiation.

When Stankovic¢ et al. (2022) compared players from various positions and competition
levels, they discovered that while centers had higher countermovement jump heights (mean
=44.1+2.9 cm), guards performed better than other positions in agility (Illinois Agility Test
=16.23 +0.5s) and 10m sprint (1.73 £ 0.04 s). All factors had significant differences (p < 0.01)
according to the ANOVA results.

2.9.3 Anthropometry, Somatotype, and Technical Skills

Anthropometric advantages are intimately linked to the performance of technical skills. In
their 2022 study, Ivanovi¢ et al. examined 178 male players aged 12 and 14 and discovered
that older players fared better in dribbling (mean =4.98 s vs. 5.41 s; p < 0.01), passing (16.2
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vs. 14.3 correct passes; p < 0.05), and defense. Height (14-year-olds = 180.4 + 6.1 cm vs. 12-
year-olds = 168.7 + 5.3 cm) and arm span were cited as the causes of these disparities, which
were strongly correlated with performance (r > 0.45 for the majority of skills).

Accordingly, Tiirkcapar (2021) discovered that mesomorphic somatotypes performed
significantly better defensively (steals = 2.8 per game), rebounded (9.2 per game), and shot
(76.4% accuracy) than ectomorphic players (shooting = 62.1%, rebounds = 6.1, steals = 1.3;
p <0.05), highlighting the practical benefit of muscular builds in the application of technical
skills.

In their study of 48 young athletes, Abu Taha et al. (2023) found a strong positive
relationship between reach and defensive efficacy (r = 0.58, p <0.01), arm span and dribbling
control (r = 0.54, p < 0.01), and height and shooting accuracy (r = 0.61, p < 0.01). Their
regression model supported the predictive significance of somatic features by explaining
49% of the variance in combined technical skill performance.

2.9.4 Gender-based differences in basketball

Studies consistently show that gender has a strong effect on body measurements, physical
abilities, and basketball skills. Female players usually have higher body fat percentages,
while male players tend to be taller and have more body mass and lean muscle (Nikolaidis
et al., 2014; Ostojic et al., 2006). These differences in body structure influence later
performance and are seen at different levels and ages. In our study of Lebanese youth
basketball players, males were taller, had more muscle, and had a higher protein-fat index
than females, which aligns with earlier research.

Male athletes typically exhibit greater explosive strength, agility, and sprint speed (Ziv &
Lidor, 2009; Sattler et al., 2015; Hoffman et al., 1999). Many basketball skills, such as
dribbling, shooting, and defense, rely on these abilities. In our study, males performed
better than females in agility, jumping, and speed, which matches global research showing
that males have physical advantages for quick movements and force. However, some
studies show that gender differences can vary by age and skill type. For example, Sattler et
al. (2015) found that while males were better at dribbling and shooting under time pressure,
passing accuracy was less influenced by gender. This suggests that skills involving
perception and decision-making may depend less on physical ability.

Comparisons of technical skills show subtle trends. Ben Abdelkrim et al. (2010)
found that female players did about as well as males in controlled skill tests, but males
performed better in fast-break and high-intensity shooting situations. Our results support
this: passing showed smaller and less consistent gender differences, especially for centers,
while the biggest differences were in shooting and dribbling. This suggests that skills like
passing, which rely more on technique and thinking, are less affected by gender, whereas
skills that require strength and speed show larger differences. Gender differences in agility
and change-of-direction speed, which may be due to differences in training exposure,
developmental stage, or cultural influences. In a similar vein, Ziv and Lidor (2009)
highlighted the importance of practice and experience in the acquisition of technical skills,
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implying that observed variations in structured training and participation opportunities can
partially explain gender disparities.

Overall, these studies agree that gender strongly affects basketball performance, mainly
because of differences in body structure and physical ability, which influence how skills are
performed. Our study of young Lebanese players supports this, showing that some
technical skills, especially those needing coordination and decision-making, are less
influenced by gender. This shows why training programs should be tailored to each
gender’s strengths and needs to help all athletes develop fairly and succeed in the long term
(Ostojic et al., 2006; Sattler et al., 2015; Nikolaidis et al., 2014; Ziv & Lidor, 2009).

2.10 Concluding Synthesis of the Literature Review

Existing literature highlights the significant influence of anthropometric and physical
characteristics on basketball performance, with particular emphasis on technical skill
development and positional specialization. Height, wingspan, and standing reach are
identified as primary structural determinants for interior players, such as forwards and
centers, who gain mechanical advantages in rebounding, shot-blocking, and scoring near
the basket (Cui et al., 2019; Gryko et al., 2019). In contrast, guards and perimeter-oriented
forwards are more closely associated with speed, agility, and explosive power, which
correspond to their responsibilities in fast-paced transitions, defensive coverage, and open-
court play (Ivanovi¢ et al., 2022; Stankovi¢ et al., 2022). Furthermore, body composition,
particularly a mesomorphic profile along with age and biological maturation, facilitates
coordinated movement, motor control, and the execution of technical skills such as
dribbling, passing, and shooting (Turkcapar, 2021).

Multivariate approaches, such as discriminant and regression analyses, have shown that
combinations of anthropometric and physical variables account for a substantial proportion
of variance in technical skill performance, sometimes ranging from 49% to 89%. This
underscores their predictive value in player development (Garcia-Gil et al., 2018). These
findings emphasize the necessity of comprehensive profiling in youth basketball,
integrating morphological and functional characteristics to inform position-specific training
and talent identification program. Despite these advances, significant gaps persist in the
literature. Most existing research has focused on Western or elite populations, limiting the
generalizability of findings to other cultural and developmental contexts. Few studies have
systematically compared anthropometric, physical, and technical factors across multiple
playing positions in youth populations outside North America and Europe. Additionally,
the combined effects of body composition, physical fitness, and skill performance remain
insufficiently explored, particularly in region-specific contexts such as the Middle East.

Recent evidence highlights the impact of gender on basketball performance, demonstrating
consistent differences in anthropometric, physical, and technical profiles. Male players
typically exhibit greater stature, body mass, skeletal muscle mass, and lower body fat, as
well as superior physical abilities such as speed, agility, and explosive power (Nikolaidis et
al., 2014; Ostojic et al., 2006; Ziv & Lidor, 2009). Technical skills like dribbling and shooting
often favor male players, especially in high-intensity, strength-dependent situations,
whereas passing performance appears less influenced by gender, suggesting a more
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substantial role for perceptual-cognitive factors (Sattler et al., 2015; Ben Abdelkrim et al.,
2010). These findings suggest that gender should be considered alongside position and
training history in the design of individualized development programs and performance
assessments.

By incorporating both positional and gender perspectives, the present study addresses these
gaps and provides a comprehensive evaluation of Lebanese youth basketball players across
all primary positions. The research investigates the combined effects of anthropometry,
physical fitness, and technical skills, offering culturally specific insights that enhance
ecological validity. The anticipated findings aim to inform evidence-based talent
identification, guide position- and gender-specific training interventions, and support long-
term athlete development frameworks within Lebanon and similar regional contexts.

This study advances the existing literature in several key ways. First, whereas previous
research has typically examined anthropometric, physical, or technical variables in isolation,
the present study employs an integrated analytical approach by simultaneously evaluating
anthropometric characteristics, physical fitness attributes, and basketball-specific technical
skills within a single population. This comprehensive framework enables a more nuanced
understanding of the interactions among these factors in shaping youth basketball
performance.

Second, the study offers region-specific empirical data on Lebanese youth basketball
players, a group that is largely underrepresented in international sport science research.
Most prior studies have focused on European, North American, or elite professional cohorts,
limiting the applicability of their findings to developing basketball systems elsewhere. By
focusing on athletes in the Lebanese context, this research broadens the geographical and
cultural scope of basketball performance studies and enhances ecological validity.

Third, the study compares players across all major playing positions and accounts for
gender differences, providing a multidimensional perspective on performance
determinants. This dual focus facilitates a more detailed understanding of how positional
roles and biological differences shape anthropometric profiles, physical capacities, and the
execution of technical skills during youth development. But practical implications for talent
identification, player development, and training design. By identifying key physical and
technical characteristics associated with specific playing positions and gender categories,
the study provides coaches and sport practitioners with evidence-based criteria for athlete
selection and position-specific training programs, supporting the long-term development of
basketball players in Lebanon and similar emerging basketball environments.
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3 CHAPTER THREE: PROBLEM, PURPOSE,
OBJECTIVES, HYPOTHESES, AND SIGNIFICANCE
OF THE STUDY

3.1 Defining the Problem

Technical skills, physical abilities, and anthropometric characteristics all play a significant
role in the development of young basketball players (16-18 years). Anthropometric
measurements were very important for skills and body tests. These characteristics were
found to significantly contribute to the skills and performance of pre-adolescent players
(Abu Taha et al., 2023; Ivanovié et al., 2022; Jakovljevic et al., 2011; Karalejic et al., 2011).
However, it is not well known enough how these elements interact and differ at other
positions (e.g., guards, forwards, and centers). Although performance depends on the
development of technical skills, it is not clear enough how physical characteristics (such as
height and body composition) and physical aptitudes (such as strength, speed, and agility)
affect these skills, especially in young athletes going through growth and skill acquisition.
The capacity to design specialized training programs that meet the requirements of
particular roles and developmental phases is hampered by this information gap. To
maximize youth basketball training and ensure players are adequately equipped to meet
the technical and physical demands of their positions, this issue must be resolved.

This research problem statement is not limited to Lebanese youth basketball. After
reviewing the literature in this field of science (especially the studies below), we could say
that future research should explore the long-term effects of growth, anthropometric traits,
and physical abilities across age groups and playing positions. Further studies should
evaluate training modalities, nutrition, and socioeconomic influences, use advanced
measurement technologies, include gender comparisons, and involve larger, diverse
samples to develop holistic, evidence-based approaches to youth basketball development.

3.2 Purpose of the Study

Given the gaps in the literature, the purpose of this dissertation is to investigate the
relationships among certain anthropometric characteristics and physical abilities, and to
determine their impact on basketball-specific skills among young Lebanese basketball
players, by gender and playing position. Specifically, the study aims to analyze how body
composition impacts key technical skills such as shooting, dribbling, and passing, while also
examining the contributions of agility, power, and speed to the development and execution
of these skills. Furthermore, the research seeks to assess the proficiency of these skills in
relation to both anthropometric and fitness factors and explore the relationships through
statistical and multivariate analyses. The study will also investigate how these relationships
vary by gender and playing position, providing practical insights for coaches to design
individualized training programs that optimize both physical attributes and skill
development to improve game performance.
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3.3

Objectives of the Study

. Determining the body composition parameters in Lebanese young basketball players

and analyzing how these parameters influence performance in: shooting, dribbling,
and passing.

Determining the physical abilities: agility, power, and speed in Lebanese young
basketball players and examining the contribution of these abilities to the
development and execution of the aforementioned technical basketball skills

Assessing the quality of basketball skills of young Lebanese basketball players
including shooting accuracy, passing effectiveness, dribbling control, and how these
are influenced by both morphology and fitness.

Investigate the relationships between anthropometric characteristics, physical fitness
levels, and technical skill performance by conducting statistical and multivariate
analyses to explore how these elements interact to influence overall performance.

Investigate how these relationships differ across various categorical variables like
gender and playing position, focusing on how these variables impact the balance
between physical attributes and skill acquisition.

. Offer practical insights into how coaches can design tailored training programs that

account for the individual anthropometric and fitness profiles of players, aiming to
enhance technical skills and overall game performance in youth basketball.

3.4 Hypotheses of the Study

The defined general hypothesis is:

GH: Anthropometric characteristics and physical abilities are independent factors
that statistically significantly affect the key basketball-specific skills: shooting,
dribbling, and passing in Lebanese young basketball players according to gender and
playing position.

The supporting hypotheses are:

H1: Anthropometric Characteristics (BH, BW, BMI, PBFM, PSMM, and PFI)
significantly affect shooting performance in Lebanese young basketball players.

H2: Anthropometric Characteristics (BH, BW, BMI, PBFM, PSMM, and PFI)
significantly affect dribbling performance in Lebanese young basketball players.

H3: Anthropometric Characteristics (BH, BW, BMI, PBFM, PSMM, and PFI)
significantly affect passing performance in Lebanese young basketball players.

H4: Physical abilities (agility, power, and speed) significantly affect shooting
performance in Lebanese young basketball players.
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H5: Physical abilities (agility, power, and speed) significantly affect dribbling
performance in Lebanese young basketball players.

Hé: Physical abilities (agility, power, and speed) significantly affect passing
performance in Lebanese young basketball players.

H7: Gender is a categorical variable that significantly impacts the relationship
between Physical abilities, Anthropometric Characteristics, and key basketball-
specific skills in Lebanese young basketball players.

H8: Playing Position is a categorical variable that significantly impacts the
relationship between Physical abilities, Anthropometric Characteristics, and key
basketball-specific skills in Lebanese young basketball players
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4 CHAPTER FOUR: METHODS
4.1 Design and Approach of the Study

Using a deductive quantitative approach and an applied non-experimental cross-sectional
research design, this study uses numerical data to analyses particular real-world scenarios
by applying established theories. Creswell (2014) states that when researchers want to
characterize characteristics, trends, or relationships between variables without changing
them, they frequently employ an applied deductive quantitative research design, especially
a cross-sectional descriptive study.

4.2 Sample Characteristics

Based on the Lebanese basketball teams’ national league lists addressed by the Lebanese
Basketball Federation in 2024, it was determined that 1275 Lebanese professional young
players are presenting the 16-18 years varsity population. These players are distributed
among 66 male basketball clubs, and 18 female basketball clubs (Appendix 1). To obtain the
appropriate number of respondents, a statistical calculator based on the reference sample
size technique was used and a sample of 260 participants was determined, which is
considered representative at a confidence level of 95%, with a standard error of 5%. The
respondents were divided by gender: one hundred and sixty male players (n=160) and one
hundred female players (n=100) recruited from all youth basketball clubs.

In the sample of male players, the 160 players were distributed as follows: 36 guards, 79
forwards and 45 centers, while the female players were distributed as: 26 guards, 46
forwards and 28 centers.

The respondents were regularly registered players who have been training regularly for at
least three years and are currently injury-free.

4.3 Data Collection and Testing Procedures

4.3.1 Data Collection Procedures

The data were gathered in April 2025. The purpose of the data collection was explained to
the participants, and their information wouldn’t only be analyzed if they consented to
participate in the study. The study was conducted in compliance with the Declaration of
Helsinki's conditions, guidelines for doctors conducting biomedical research on human
subjects (World Medical Association, 2013), and ethical approval number 835-2 of the
University of Belgrade's Faculty of Sport and Physical Education's Ethical board. The
study's ethical approval was included in Appendix 2.
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4.3.2 Testing Procedures (Variables)

4.3.2.1 Anthropometric Measurements: Body Composition

Body composition parameters include 6 variables where 2 are basic: (1) Body height (BH)
presented in cm; and 2) Body weight (BW) presented in kg, and 4 are calculated as index
values as follows:

- Body mass index (BMI), presented in kg/m?;

- Percentage of body fat (PBFM) presented as body fat Mass (BFM) relative to BW,
calculated as: (BF/BW) * 100 = PBF (%)

- Percentage of skeletal muscle mass (PSMM) presented as skeletal muscle mass
(SMM) relative to BW, calculated as: (SMM/BW) * 100 = PSMM (%)

- Protein Fat Index (PFI) presented as PM relative to BFM, calculated as: PFM/BFM =
PFI (kg)

In order to explain the body structure at the tissue level, regardless of body height and
weight, the index-values approach was used. The InBody 270 (Biospace Co. Ltd., Seoul,
Korea) and the Bioelectrical Impedance Analysis method was used to determine basic and
derived body composition variables (Hu, 2008). This instrument is highly precise and has
been utilized in numerous related studies, including those conducted by Kim et al. (2021).

After that, the respondents did the previously mentioned body composition measures while
standing on the scale with their hands on the designated locations and their bare feet. The
pupils were told not to eat or drink anything for at least three hours before the measurement
in order to ensure maximum accuracy. Following the normal procedure, a fixed stadiometer
was used to measure the body height. The subjects were clad in light clothing, and their
body mass was measured to the closest 0.1 kg. As stated, and covered in the pertinent
procedure, barefoot, standing height was measured using a wall-mounted stadiometer to
the closest 0.5 cm (Kuki¢ & Dopsaj, 2017).

4.3.2.2 Physical Abilities:

Anaerobic Power: Vertical Jump Height Test Instrument

Using an adjustable measuring device and the jump-and-reach method (Vertec, Inc., Falls
Church, VA), Figure 1 shows the vertical jump height. In order to show real progress over
the course of the training cycle, the Vertec vertical jump tester is a flexible and precise device
that measures vertical jumps within 12 inches. It is a portable, low-cost, and straightforward
tool for figuring out an athlete's vertical leap height.
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Peak power Tests Vertical jump peak power (Harman et al., 1991) using

Vertec Jump Measuring Device

Every participant underwent a controlled warm-up consisting of three practice leaps at
maximal effort, stretching, and jogging. Three test leaps were performed on each individual,
separated by a two-minute rest period. For every jump, subjects were permitted to
countermove with their arms and legs. For vertical jump height, the test-retest intraclass
correlation coefficient was 0.9608 (a = 0.9800). The Harman et al. (1991) formula, which
computed peak power through multiple regression processes as (61.9 x jump height cm) +
(36 x body mass kg) + 1822, was used to determine vertical jump peak power. The vertical
jump power tests had an intraclass correlation value of 0.9754 (a = 0.9875). The jumps of the
subject were captured on video.

Figure 1. Vertec Jump Measuring Device
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4.3.2.3 Agility
Measurement of Agility (T-Drill Test)

The subjects tried the test at low speed after 5-6 minutes of free warming, and then they
joined the test at random. The T-drill test track measured 9.14 meters (10 yards) in length
and breadth. The third and fourth cones were positioned on the right and left sides of a cone
that was pushed forward 9.14 meters vertically from the starting point to create the course.
The athletes begin the test by running straight from the starting cone to the second cone,
which is 9.14 meters distant.

The player next makes side runs to the left-side cone, which is 4.57 meters away, and touches
it with the left hand. Next, the player makes side runs to the right-side cone, which is 4.57
meters away from the middle cone, and touches it with the right hand. The test concludes
when the side run reaches the middle cone and touches it with the left hand before running
back to the starting cone. (Pauole et al., 2000). Figure 2 displayed the T-Drill Agility test
configuration.

L C_ D

©

—af——— 5 yards ——— —f——— 5 yards ———=

10 yards —————=

ﬂ Start / Finish

Figure 2. T-Drill Agility Test Settings
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20m Sprint Test:

A 20-meter straight-line sprint from a three-point, crouching stationary start was used to
measure sprint time, and a split time was taken at 10 meters (Moir and Glaister, 2004).
Telemetric photocells (Sprint Timer Telemetry, Cranlea & Co., UK) were positioned at the
0-, 10-, and 20-meter markers of an indoor running track in order to measure sprint times.
Each participant completed three maximal sprints; the analysis that followed used the mean
timings for the first 10 m, second 10 m, and total 20 m. The participants started each sprint
on their own initiative, and there was a three-minute recuperation period in between.

Under the supervision of an instructor, participants completed a standardized warm-up
that included running, followed by particular static exercises, dynamic exercises, and sprint
drills, prior to the sprints. It has been demonstrated that 10- and 20-meter sprint time
measures exhibit low within-participant variation and good test-retest reliability without
requiring familiarization with this methodology (Moir and Glaister, 2004).

4.3.3 Basic Basketball Skills:

The Association for Research, Professional Councils, American Alliance for Health, & Dance
(1984), Technical manual, health related physical fitness. American Alliance for Health,
Physical Education, Recreation & Dance has developed a battery of tests that will be used
to examine the four basketball-specific skills of shooting, passing, and dribbling. These tests
were utilized in numerous research papers, particularly by Karalejic et al. (2011) and Erculj
et al. (2024), and demonstrated great validity and reliability.

A. Shooting:

The individual begins the 60-second speed spot shooting test (Figure 3) from one of the
specified sites at a distance of 3.65 meters. The subject shoots at the signal, then dribbles to
another position and shoots again after going to get the ball. The player makes four lay-ups
and a jump shot, but not two consecutive ones. A hit from the first shot is worth two points,
whereas a missed first shot is worth one point. The test taker must first make at least one
shot from each point. The final result is the sum of the points from the two tries. The work
is completed three times, with the first two being trials and the second two being scored.

B. Dribbling:

In the control dribble test, participants are given the challenge of dribbling through the
polygon in Figure 4 as quickly as they can. Starting from cone A, the participant's "weaker
hand" side, they dribble along the path depicted in Figure 2 at the timekeeper's signal,
always using the hand that is furthest from the cone. Following one trial effort, the
participant completes the task twice again, and the total time (in seconds) is the sum of the
timings attained during these two attempts.
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C. Passing:

Figure 5 displays the 30-second passing test; the distances in the picture are measured in
centimeters. The ball-carrying subject stands behind the queue in front of target A, passes
from the chest to target A, catches the ball that bounces off the wall, moves laterally to target
B, passes it, and repeats the process to target F, where he makes two passes, then returns to
target A, where he makes two passes, and so on. A hit on the target or within the target's
frame earns two points, whereas a hit outside the target earns one point. The total of the
points from the final two attempts is the outcome; the first try is a trail, and the subsequent
two are scored.

Figure 3. The speed spot shooting test
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Figure 5. The Passing Test

4.4 Statistical Procedures

All statistical analyses were performed using IBM's Statistical Package for the Social
Sciences (SPSS, version 26). A significance level of p < 0.05 has been established. Descriptive
statistics: the mean, standard deviation (SD), minimum (min), maximum (max), coefficient
of variation (cV%), and Kolmogorov-Smirnov test for distribution homogeneity (KST) were
used to provide the measures of central tendency and variability. However, the following
statistical methods were used to determine the inferential statistics that cover the
relationships, significant differences, and predictions among the variables: independent
samples t-test, Analysis of Variance (ANOVA), Multivariate Analysis of Variance
(MANOVA), Pearson and Spearman correlation, and, lastly, Multiple Regression Analysis
(MRA).
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5 CHAPTER FIVE: RESULTS

5.1 Descriptive Statistics

5.1.1 Socio-demographic Results

The socio-demographic characteristics of the total sample were presented in Table 1. The
sample consisted of 235 Lebanese youth basketball players, including 142 males (60.4%) and
93 females (39.6%). The comparison between male and female participants revealed no
statistically significant differences across any of the examined socio-demographic variables
(p > .05), indicating that the two groups were demographically comparable.

The mean age was nearly identical between males (17.1 £ 0.8 years) and females (17.0 £ 0.8
years) (p = .675), confirming that both groups were at a similar developmental stage.
Regarding place of residence, the majority of participants in both groups lived in urban
areas (males: 79.6%; females: 80.6%), with no significant sex-based differences (p = .842).
This suggests a predominantly urban context for basketball participation within the
sampled population.

In terms of school class distribution, players were relatively evenly spread across 1st, 2nd,
and 3rd secondary levels, with comparable proportions between males and females (p =
.722). Similarly, most participants attended private schools (males: 88.0%; females: 89.2%),
while a smaller percentage were enrolled in public schools, with no significant group
differences (p = .776). This reflects the strong representation of private educational
institutions within the sample.

Parental education levels were also similar across sexes (p = .821). Approximately one
quarter of parents had an education below high school, around 40% had completed high
school, and roughly one third held university degrees. This distribution suggests a
moderate-to-high level of education among the families of participating athletes.

Finally, parental basketball background did not significantly differ between male and
female players (p = .686). The majority reported that neither parent had played basketball
(males: 58.5%; females: 63.4%), while approximately 29% indicated that one parent had
played basketball, and a smaller proportion reported that both parents had played.

Overall, the absence of significant sex differences across socio-demographic variables
indicates that the male and female subsamples were well-matched. This comparability
strengthens the validity of subsequent analyses examining anthropometric, physical, and
technical performance differences, as potential confounding effects of socio-demographic
disparities are minimized
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Table 1. Demographics: Sample characteristics

Sample
Variable MeantSD MeantSD P value
Males Females

Gender #
Males 142
Females 93
Age (Years)

17.1+0.8 17.0+0.8 0.675
Place of Living (%)
City 79.6 80.6 0.842
Village 204 19.4 0.842
School Class (%)
1st Secondary 31.7 30.1 0.722
2nd Secondary 31.7 38.7 0.722
3rd Secondary 36.6 31.2 0.722
School Educational Sector (%)
Public 12.0 10.8 0.776
Private 88.0 89.2 0.776
Parents Education Level (%)
Below High School 0.821

& 246 ",

High School Level 40.1 37.6 0.821
University Level 35.2 37.6 0.821
Parents Basketball Background (%o)
None Played Basketball 58.5 63.4 0.686
1 parent was a Basketball Player 289 29.0 0.686
2 parents were Basketball Players 12.7 75 0.686

Table processed by the Author

5.1.2 Anthropometric, Physical, and technical skills profiles of the Lebanese
Basketball Players according to gender and playing position.

Table 2 presents the descriptive statistics for female Lebanese youth basketball players (n =
142) across three playing positions: guards, forwards, and centers. The mean age of the
sample was relatively homogeneous across positions, ranging from 16.9 + 0.8 years for
centers to 17.1 + 0.8 years for guards. Anthropometric measures showed clear positional
trends: centers were the tallest (177.7 £ 5.5 cm), followed by forwards (171.5 £ 4.7 cm) and
guards (164.3 + 4.1 cm). Body mass was fairly similar across positions, with guards and
forwards both averaging 65.4 + 6.8-7.2 kg, while centers were slightly lighter at 63.4 + 6.1

kg.

Percentage of body fat mass (PBFM) and skeletal muscle mass (PSMM) showed minor
variation between positions: centers had slightly higher PBFM (21.4 + 3.3%) and lower
PSMM (36.8 £ 3.5%) compared to guards (PBFM: 20.7 £+ 3.7%; PSMM: 38.8 + 3.8%) and
forwards (PBFM: 20.4 + 4.3%; PSMM: 37.5 + 4.1%). BMI values reflected these differences,
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with guards showing the highest BMI (23.4 + 2.8), forwards intermediate (22.3 + 2.5), and
centers the lowest (20.0 + 2.3).

Physical performance and technical skills were relatively consistent across positions. Agility
and vertical jump power were comparable (Agility: 12.2 + 0.5-0.6 s; Vertical Jump Power:
6173-6352 W). Speed, speed spot shooting (SS), control dribble (CD), and passing score (PS)
showed minimal variation, suggesting a homogeneous skill level across positions in this
female sample. Overall, while anthropometric measures, particularly height and BMI,
varied by position, physical abilities and technical skills remained consistent.

Table 2. Arithmetic means, standard deviations of age, anthropometric measurements, physical
abilities, and Technical Skills of Female Basketball Players (n=93)

Variable Mean + SD Total KST
Guards Forwards Centers

Age 17.1+0.8 17.0+0.8 16.9+0.8 17.0+0.8 0.000
BH (cm) 164.3+4.1 171.5+4.7 177.7¢5.5 172.246.1 0.200
BM (kg) 65.4+6.8 65.4+7.2 63.4 £6.1 64.9+6.9 0.200
PBFM (%) 20.7+3.7 20.4 +4.3 21.4+3.3 20.8+3.9 0.200
PSMM (%) 38.8+3.8 375+4.1 36.8+3.5 37.6+3.9 0.200
BMI 23.4+2.8 22.3+25 20.0+2.3 22.0+2.8 0.200
PFI 1.9+ 05 1.9+ 05 1.8+0.3 19+04 0.004
Agility 12.2+0.5 12.2+0.6 12.2+05 12.2+0.6 0.200
Vertical Jump 6352+315 6311+332 6173+371 6279+339 0.200
Power (Watts)

Speed 34+ 02 3.54+0.2 3.5+0.2 3.5+0.2 0.200
Speed Spot 147+34 15.1+4.1 16.1+4.1 15.3+4.0 0.175
Shooting (SS)

Control Dribble/s 12.4+0.9 12.7+1.0 125+1.0 126+1.0 0.200
(CD)

Passing Score 20.7+3.7 20.3+2.9 212420 206+2.9 0.000
(PS)

BH: Body Height, BM: Body Mass, BMI: Body Mass Index, PBFM: Percentage of Body Fat, PSMM: Percentage of Skeletal Muscle
Mass, KST: Kolmogorov Smirnov test for distribution homogeneity

Table 3 summarizes descriptive statistics for male Lebanese youth basketball players (n =
93). Similar to females, the mean age was consistent across positions (17.0-17.1 + 0.8 years).
Clear positional trends were observed in body height, with centers being the tallest (191.8 +
4.2 cm), followed by forwards (183.7 + 3.3 cm) and guards (176.8 + 4.8 cm). Body mass
showed minor differences (77.6-79.2 kg), while BMI reflected positional trends in height
and mass, with guards showing the highest BMI (24.9 + 2.5), forwards intermediate (23.5 +
2.6), and centers the lowest (21.2 £ 2.7).

Body composition variables such as PBFM (12.3-12.8%) and PSMM (44.1-44.8%) were fairly
stable across positions. Physical performance measures, including agility (11.5-11.6 s),
vertical jump power (7685-7775 W), and speed (3.1-3.2 s), exhibited minimal variation.
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Similarly, basketball-specific technical skills (SS, CD, PS) were comparable across guards,
forwards, and centers.

Overall, both male and female samples displayed positional differences primarily in
anthropometric measures, particularly body height and BMI, whereas physical performance
and basketball-specific technical skills were largely uniform across playing positions. These
descriptive statistics provide context for the subsequent inferential analyses examining the
effects of position on physical, anthropometric, and skill variables.

Table 3. Arithmetic means, standard deviations of age, anthropometric measurements, physical
abilities, and Technical Skills of Male Basketball Players (n=142)

Variable Mean + SD Total KST
Guards Forwards Centers

Age 17.1+0.8 17.0+0.8 17.1+0.8 17.1+0.8 0.000
BH (cm) 176.8+4.8 183.7+3.3 191.8+4.2 184.5+6.6 0.200
BM (kg) 77.6£7.2 792+82 77.8 £9.2 78.5+8.3 0.200
PBFM (%) 123+29 12.5+£2.7 12.4+2.8 12.8+2.8 0.200
PSMM (%) 442+45 448+5 441+44 445+47 0.200
BMI 249+25 235+ 2.6 21.2+2.7 231+2.9 0.200
PFI 3.7£0.93 3.8+1.1 39+1.2 3.8+1.1 0.000
Agility 11.6+ 0.5 11.5+ 0.5 11.6+ 0.5 11.6+ 0.5 0.200
Vertical Jump Power

7775+455.5 7703+470.5 7685.5+376 7684+443 0.025
(Watts)
Speed 3.1+£0.2 3.2+0.2 3.2+0.2 3.2+0.2 0.200
Speed Spot Shooting

17.8 +3.6 17.6 £3.9 17.8+3.7 17.7+3.8 0.097
(SS)
Control Dribble/s

11.5+0.79 11.6 £1.0 11.3+1.0 11.5+1.0 0.200
(CD)
Passing Score (PS) 222425 22.8+3.0 225+2.6 222428 0.002

BH: Body Height, BM: Body Mass, BMI: Body Mass Index, PBFM: Percentage of Body Fat, PSMM.: Percentage of Skeletal Muscle
Mass, KST: Kolmogorov Smirnov test for distribution homogeneity

5.2 Anthropometric and physical parameters according to gender
and playing position

5.2.1 Gender-based differences

To check the 7th Hypothesis: H7: Gender is a categorical variable that significantly impacts
the relationship between Physical abilities, Anthropometric Characteristics, and key
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basketball-specific in Lebanese young basketball players”, the Independent T-Test
Technique has been used.

Al. Gender-Based Differences in Guards (Table 4)

Table 4 presents the independent t-test comparisons between male and female basketball
players competing in the guard position. Significant gender-based differences were found
across nearly all anthropometric, physical, and technical variables (p < .05).

From an anthropometric perspective, male guards were significantly taller (176.8 + 4.8 cm
vs164.3 £4.1 cm, p =.000), heavier (77.6 £ 7.2 kg vs 65.4 £ 6.8 kg, p = .000), and demonstrated
lower body fat percentage (12.3 £ 2.9% vs. 20.7 = 3.7%, p = .000) compared to females.
Additionally, males showed higher skeletal muscle mass percentage (44.2 £ 4.5 vs 38.8 £3.8,
p = .000), higher BMI (24.9 £ 2.5 vs 23.4 + 2.8, p = .000), and greater protein-fat index (3.7 +
0.93 vs 1.9 £ 0.5, p = .000), signifying a more muscular body composition profile.

Regarding physical abilities, male guards outperformed females in agility (11.6 + 0.5 s vs
12.2+0.5s, p=.003), explosive power (7775 £ 455.5 vs 6352 + 315, p = .000), and sprint speed
(31+0.2s5vs3.4+0.2s, p=.000), reflecting superior neuromuscular performance.

In terms of basketball-specific skills, male guards demonstrated significantly higher
shooting (17.8 £ 3.6 vs 14.7 + 3.4, p = .043) and passing (22.2 + 2.5 vs 20.7 £ 3.7, p = .009)
scores. Conversely, female guards recorded significantly slower control dribble times (12.4
+ 09 s vs 115 £ 0.79 s, p = .011), indicating lower dribbling efficiency. Overall, gender
differences among guards were consistent, favoring males across structural, functional, and
performance domains.

Table 4. Gender - based Significant differences of All Variables for (Guard) Basketball Players

All Sample (235)

Total Sample Characteristics Males Females p value
Mean SD Mean SD
BH 176.8 4.8 164.3 41 0.000
BM 77.6 7.2 65.4 6.8 0.000
Anthropometric PBFM 123 29 20.7 37 0.000
Measurements PSMM 44.2 45 38.8 3.8 0.000
BMI 249 25 234 2.8 0.000
PFI 3.7 0.93 1.9 0.5 0.000
Agility 11.6 0.5 12.2 0.5 0.003
Physical Abilities Power 7775 455.5 6352 315 0.000
Speed 3.1 0.2 34 0.2 0.000
Speed Spot
Shooting (SS) 17.8 3.6 14.7 34 0.043
Basketball-specific Control
technical skills Dribble/s (CD) 115 0.79 124 0.9 0.011
Passing Score
(PS) 222 25 20.7 37 0.009
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A2. Gender-Based Differences in Forwards (Table 5)

Table 5 presents gender-based comparisons for players in the forward position. Similar to
guards, statistically significant differences were observed across all anthropometric and
physical variables and most technical skills (p < .05).

Male forwards were significantly taller (183.7 £3.3 cm vs 171.5 +4.7 cm, p = .000) and heavier
(79.2 £ 8.2 kg vs 65.4 + 7.2 kg, p = .000) than female forwards. They also exhibited lower
body fat (12.5£2.7% vs. 20.4 £ 4.3%, p = .000), higher skeletal muscle mass (44.8 + 5.0 vs 37.5
+ 4.1, p =.000), higher BMI (23.5 £ 2.6 vs. 22.3 £ 2.5, p = .000), and higher protein-fat index
(3.8 £ 1.1 vs. 1.9 £ 0.5, p = .000). These findings reflect clear gender-based structural
differences within this position.

In physical performance, males demonstrated superior agility (11.5+0.5svs 122+ 0.6 s, p
=.003), greater explosive power (7703 +470.5 vs 6311 + 332, p = .000), and faster sprint speed
(32+0.2s5vs.3.5+£0.2s, p=.000).

Technically, male forwards achieved significantly higher shooting scores (17.6 £ 3.9 vs 15.1
t4.1, p=.000) and passing scores (22.8 £3.0 vs 20.3 £ 2.9, p = .007). At the same time, females
recorded slower control dribble times (12.7 £ 1.0 s vs 11.6 + 1.0 s, p = .000). The magnitude
and consistency of these differences further confirm that gender significantly influences
anthropometric characteristics, physical abilities, and most technical performance indicators
within the forward position.

Table 5. Gender - based Significant differences of All Variables for (Forward) Basketball Players
All Sample (235)

Total Sample Characteristics Males Females p value
Mean SD Mean SD

BH 183.7 3.3 1715 4.7 0.000

BM 79.2 8.2 65.4 7.2 0.000

Anthropometric PBF 12.5 2.7 20.4 4.3 0.000

Measurements PSMM 44.8 5.0 375 4.1 0.000

BMI 235 2.6 223 2.5 0.000

PFI 3.8 1.1 1.9 0.5 0.000

Agility - 115 0.5 12.2 0.6 0.003

Physical Abilities Power 7703 470.5 6311 332 0.000

Speed 3.2 0.2 35 0.2 0.000

Sﬁggfl‘:] gs;()gé) 17.6 3.9 15.1 4.1 0.000

ocal skl Drivblels(co) 118 L0127 10 0000

PaSSi(rl‘DgS)Score 22.8 3.0 20.3 2.9 0.007
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A3. Gender-Based Differences in Centers (Table 6)

Table 6 summarizes gender comparisons across centers. Significant differences were again
observed in nearly all anthropometric and physical variables (p <.05), with a few exceptions
in technical outcomes.

Male centers were substantially taller (191.8 £4.2 cm vs 177.7 £ 5.5 cm, p = .000) and heavier
(77.8 £9.2 kg vs. 63.4 + 6.1 kg, p = .000) than female centers. They also exhibited lower body
fat (12.4 + 2.8% vs. 21.4 £ 3.3%, p = .000), higher skeletal muscle mass (44.1 + 4.4 vs. 36.8 +
3.5, p =.000), and higher protein-fat index (3.9 £ 1.2 vs. 1.8 + 0.3, p = .000). Unlike the guard
and forward positions, BMI differences were not statistically significant among centers (p =
.081), suggesting relatively comparable body mass index values despite clear compositional
differences.

Physically, male centers demonstrated superior agility (11.6 £ 0.5svs. 122+ 0.5 s, p = .003),
greater explosive power (7685.5 + 376 vs 6173 £ 71, p = .000), and faster sprint speed (3.2 +
0.2svs.3.5£0.2s, p=.000).

Regarding technical skills, males scored significantly higher in shooting (17.8 £ 3.7 vs 16.1 +
4.1, p = .007). They recorded faster dribbling times (11.3 + 1.0 s vs 12.5 £ 1.0 s, p = .000).
However, no significant gender difference was observed in passing performance (p = .160),
indicating relative similarity between male and female centers in this skill.

Table 6. Gender - based Significant differences of All Variables for (Center)Basketball Players

All Sample (235)
Males Females

Total Sample Characteristics p value
Mean SD Mean SD

BH 191.8 4.2 177.7 5.5 0.000

BM 77.8 9.2 63.4 6.1 0.000

Anthropometric PBF 12.4 2.8 21.4 33 0.000

Measurements PSMM 441 4.4 36.8 35 0.000

BMI 21.2 2.7 20.0 2.3 0.081

PFI 3.9 1.2 1.8 0.3 0.000

Agility 11.6 0.5 12.2 0.5 0.003

Physical Abilities Power 7685.5 376 6173 71 0.000

Speed 3.2 0.2 35 0.2 0.000

Sﬁggfl‘:] gs;()gé) 17.8 37 16.1 4.1 0.007

oncal sl Drivbleis(co) 113 L0125 10 0000

PaSSi(rl‘DgS)Score 225 2.6 21.2 2.0 0.160
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Interpretation of Positional Differences

Across the three playing positions guards, forwards, and centers gender consistently
emerged as a significant categorical variable influencing anthropometric characteristics and
physical abilities. Male players exhibited greater stature, muscle mass, power, speed, and
agility, as well as lower body fat percentages. Technical skill differences were apparent in
shooting and dribbling across positions, while passing performance demonstrated smaller
and less consistent gender differences, particularly among centers.

These findings collectively support Hypothesis 7, confirming that gender significantly
influences the structural, functional, and partially technical performance profiles of
Lebanese youth basketball players across playing positions.

5.2.2 Differences based on Playing position

A one-way multivariate analysis of variance (MANOVA) was conducted to examine
whether anthropometric characteristics, physical abilities, and basketball-specific technical
skills differed across playing positions (guards, forwards, and centers) in male and female
Lebanese youth basketball players. The analysis tested the supplementary hypothesis (HS8):
that Playing Position is a categorical variable that significantly affects the relationships
among Physical abilities, Anthropometric Characteristics, and key basketball-specific
variables in Lebanese young basketball players. Results of these analyses are presented in
Tables 7 and 8.

B1. Male Basketball Players

In the male sample (n = 142), MANOVA revealed a statistically significant multivariate
effect of playing position on the combined dependent variables (p <.001), indicating overall
differences across positions. Univariate analyses showed that body height (F (2, 126.7) =
16.47, p < .001, partial n? = 0.646) and body mass index (BMI) (F(2, 126.7) = 17.981, p < .001,
partial n? = 0.206) differed significantly by playing position, with large and moderate effect
sizes, respectively.

Scheffé post hoc comparisons indicated that centers were significantly taller than forwards
(MD = 8.07 cm) and guards (MD = 14.92 cm), and forwards were taller than guards (MD =
6.85 cm); all pairwise comparisons for height were significant (p < .001). For BMI, centers
had higher values than guards (MD = 3.65, p < .001) and forwards (MD = 2.28, p < .001),
while no significant differences were observed between guards and forwards (p = .056).

No significant positional differences were observed for other anthropometric variables,
including body mass, percentage body fat mass (PBFM), skeletal muscle mass (PSMM), and
protein-fat index (PFI) (all p > .05, partial n)? < 0.007). Similarly, no significant differences
were found for physical performance measures such as power, speed, and agility (all p >
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.05, partial n? < 0.028), or for technical skill measures including speed spot shooting (SS),
control dribble (CD), and passing score (PS) (all p > .05, partial n2 < 0.018).

These results indicate that, among male youth players, positional differences are primarily
anthropometric. Taller and higher-BMI players tend to occupy the center position, whereas
physical abilities and technical skills do not differ significantly by position.

B2. Female Basketball Players

For the female sample (n = 93), MANOVA also revealed a statistically significant
multivariate effect of playing position (p < .001). Univariate analyses showed that body
height (F(2, 90) = 28.34, p <.001, partial n? = 0.386) and BMI (F(2, 90) = 10.40, p <.001, partial
n? = 0.188) significantly varied across positions, with effect sizes indicating a large impact
for height and moderate impact for BML

Post hoc Scheffé comparisons confirmed that centers were taller and exhibited higher BMI
than guards and forwards, mirroring the pattern observed in males. Conversely, no
significant differences were found in body mass, PBFM, PSMM, PFI, physical performance
variables (power, 20-m sprint speed, agility), or technical skills (SS, CD, PS) (all p > .05,
partial n? < 0.041).

Overall, female players demonstrated structural positional differentiation similar to that of
males, with anthropometric traits particularly height and BMI distinguishing positions.
Physical performance and technical skill measures were not dependent on playing position.

5.2.3 Summary of Findings

Across both male and female Lebanese youth basketball players, playing position
significantly influenced anthropometric characteristics, especially height and BMI, with
centers generally taller and heavier relative to guards and forwards. However, no
significant differences in body composition indices beyond BMI, physical fitness variables,
or basketball-specific technical skills were observed. These findings indicate that positional
differentiation in youth basketball is primarily structural rather than performance-based,
highlighting the importance of anthropometric profiles in player role assignment at this
developmental stage.

Based on these results, Hypothesis 7: “Playing Position is a categorical variable that
significantly impacts the relationship between physical abilities, anthropometric
characteristics, and key basketball-specific skills in Lebanese youth basketball players
according to playing position” is partially supported. Selected anthropometric
characteristics (height, BMI) influence playing position, whereas most other physical and
body composition variables do not show significant influence.
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Table 7. MANOVA Differences in Playing Position among the three Groups of Male Basketball
Players (n=142)

Dependent Variable Type Sum F df Mean Square P value Partial Eta
Squares Squared
BH 3972.946 126.7 2 1986.4 0.000 0.646
BM 72.713 0.523 2 36.357 0.594 0.007
PBFM 6.722 0.421 2 3.361 0.657 0.006
PSMM 16.589 0.369 2 8.294 0.692 0.005
BMI 249.631 17.981 2 124.815 0.000 0.206
PFI 0.722 0.287 2 0.361 0.751 0.004
Power 91670.796 0.229 2 45835 0.796 0.003
Speed 20m 0.176 1.970 0.0882 0.143 0.028
Agility 0.162 0.343 2 0.081 0.710 0.005
Speed Spot Shooting (SS) 1.804 0.062 2 0.902 0.940 0.001
Control Dribble/s (CD) 2.565 1.291 2 1.283 0.278 0.018
Passing Score (PS) 10.275 0.648 2 5138 0.525 0.009

Note. Statistically Significant Difference were considered at p< 0.05

Table 8. MANOVA Differences in Playing Position among the three Groups of Female Basketball
Players (n=93)

Dependent Variable Type Sum F df Mean Square P value Partial Eta
Squares Squared
BH 1356.5 28.342 2 678.2 0.000 0.386
BM 7273.2 0.776 2 36.6 0.468 0.017
PBFM 15.258 0.487 2 7.629 0.616 0.011
PSMM 49.056 1.581 2 24.528 0.211 0.034
BMI 138.099 10.399 2 69.449 0.000 0.188
PFI 0.472 1.209 2 0.236 0.303 0.026
Power 454811 1.903 2 227405 0.155 0.041
Speed 20m 0.133 1.455 2 0.066 0.239 0.031
Agility 0.505 0.797 2 0.252 0.454 0.17
Speed Spot Shooting (SS) 25.687 0.803 2 12.843 0.451 0.018
Control Dribble/s (CD) 1.406 0.700 2 0.703 0.499 0.015
Passing Score (PS) 7.655 0.437 2 3.827 0.684 0.010

Note. Statistically Significant Difference were considered at p< 0.05
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Relationships and Effects of Independent variables on the dependent

variables

Pearson correlation (Table 9) and bivariate regression analysis (Table 10) were utilized to
evaluate the following supplementary hypotheses:

H1: Anthropometric characteristics (body height [BH], body weight [BW], body mass
index [BMI], percentage body fat mass [PBFM], percentage skeletal muscle mass
[PSMM], and physical fitness index [PFI]) significantly influence shooting
performance among Lebanese youth basketball players by playing position.

H2: Anthropometric characteristics (BH, BW, BMI, PBFM, PSMM, and PFI)
significantly influence dribbling performance among Lebanese youth basketball
players by playing positioH3: Anthropometric characteristics (BH, BW, BMI, PBFM,
PSMM, and PFI) significantly influence passing performance among Lebanese youth
basketball players by playing position.

H4: Physical abilities (agility, power, and speed) significantly affect shooting
performance in Lebanese young basketball players according to playing position.

H5: Physical abilities (agility, power, and speed) significantly affect dribbling
performance among Lebanese youth basketball players by playing position.

Hé6: Physical abilities (agility, power, and speed) significantly affect passing
performance among Lebanese youth basketball players by playing position.

C1. Relationships between Anthropometric characteristics, physical

abilities, and basketball-specific skills

To examine the predictive relationships between anthropometric characteristics, physical
abilities, and basketball-specific skills, Pearson correlation analyses (Table 6) were
conducted for the combined male and female sample (N = 235). The analysis tested six
supplementary hypotheses regarding the influence of anthropometric traits and physical
abilities on shooting (SS), dribbling (CD), and passing (PS) performance.
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Table 9. Pearson Correlations Between all variables in Lebanese Youth Basketball Players (N =
235)

Speed
Agility BMI Height Weight PBFM PFI PSMM 20m Power

SS Pearson
-176™ 0.128 183" 244> -223* 166" 0.128 -.248* .240™
Correlation

Sig. (2-tailed) 0.007 0.051 0.005 0.000 0.001 0.011 0.050 0.000 0.000

N 235 235 235 235 235 235 235 235 235
CD  Pearson
273" -0.048 -.348* -.284" 351" -.351* -.333" .326™ -.314*
Correlation

Sig. (2-tailed) 0.000 0.468 0.000 0.000 0.000 0.000 0.000 0.000 0.000

N 235 235 235 235 235 235 235 235 235
PS Pearson

-0.092 0.100 182" 220" -0.125 0.093 130" -0.121 223"
Correlation

Sig. (2-tailed) 0.161 0.128 0.005 0.001 0.055 0.156 0.047 0.063 0.001

N 235 235 235 235 235 235 235 235 235

Note. SS = Speed Spot Shooting; CD = Control Dribble; PS = Passing Score; BH = Body Height; BM = Body Mass; BMI
= Body Mass Index; PBFM = Percentage Body Fat Mass; PSMM = Percentage Skeletal Muscle Mass; PFI = Protein-Fat
Index. **p < .01, p <.05.

Shooting Performance (SS) - H1 & H4

Significant positive correlations were observed between body height (r = 0.183, p = .005),
weight (r = 0.244, p < .001), and power (r = 0.240, p < .001) with shooting performance,
indicating that taller, heavier, and more powerful players tended to perform better in speed
spot shooting.

Negative correlations were found with agility (r =-0.176, p = .007), percentage body fat mass
(PBEM) (r = -0.223, p = .001), and 20-m sprint speed (r = -0.248, p < .001), suggesting that
lower body fat, faster sprint speed, and higher agility were associated with better shooting.

Other anthropometric variables (BMI, protein-fat index [PFI], and skeletal muscle mass
[PSMM]) showed weak or non-significant associations (p > .05).

Interpretation: H1 and H4 are partially supported. Certain anthropometric measures

(height, weight, PBFM) and physical abilities (power, agility, speed) significantly influence
shooting performance, while others do not.
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Dribbling Performance (CD) - H2 & H5

Positive correlations were observed with agility (r = 0.273, p <.001), PBFM (r = 0.351, p <
.001), and 20-m sprint speed (r = 0.326, p < .001), indicating that more agile players with
moderate body fat and faster sprint speed exhibited better dribbling control.

Negative correlations were found with height (r = -0.348, p < .001), weight (r = -0.284, p <
.001), PFI (r = -0.351, p < .001), PSMM (r = -0.333, p <.001), and power (r = -0.314, p < .001),
suggesting that taller, heavier, or more muscular players had slower or less controlled
dribbling performance.

BMI was not significantly correlated with dribbling (r = -0.048, p = .468).

Interpretation: H2 and H5 are supported, indicating that both anthropometric
characteristics (especially height, weight, PSMM, PFl, and PBFM) and physical abilities
(agility, speed, power) significantly affect dribbling performance, although some
relationships are inverse.

Passing Performance (PS) - H3 & H6

Significant positive correlations were found with body height (r = 0.182, p = .005), weight
(r =0.220, p = .001), and power (r = 0.223, p = .001), suggesting that taller, heavier, and more
powerful players had better passing performance.

Other variables, including agility, BMI, PBFM, PSMM, PFI, and 20-m sprint speed, showed
weak or non-significant correlations (p > .05).

Interpretation: H3 and H6 are partially supported, indicating that selected anthropometric
characteristics (height, weight) and power influence passing performance, whereas most
other physical and body composition variables do not show significant relationships.

C2. Effects of anthropometric characteristics and physical abilities on

basketball-specific skills

Bivariate regression analyses presented in tables 6-7 were conducted to examine the
predictive effects of anthropometric characteristics (BMI, PBFM, PSMM, and PFI) and
physical abilities (agility, power, and 20-m sprint speed) on basketball-specific skills (Speed
Spot Shooting [SS], Control Dribble [CD], and Passing Score [PS]) among Lebanese youth
basketball players (N = 235). These analyses were performed to test hypotheses H1-H6.

Regarding the effect of anthropometric characteristics on shooting performance (H1), the
regression model was statistically significant (F = 4.085, p < .05), explaining 5% of the
variance (Adjusted R? = .050). Among the predictors, percentage body fat mass (PBFM) was
the only significant variable (§ = -0.280, t = -2.537, p = .012), indicating that higher body fat
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percentage was associated with lower shooting performance. BMI, percentage skeletal
muscle mass (PSMM), and protein-fat index (PFI) did not significantly predict shooting (p
> .05). Thus, H1 was partially supported.

For dribbling performance (H2), the anthropometric regression model was statistically
significant (F = 10.762, p <.05) and accounted for 14.3% of the variance (Adjusted R? = .143).
PBFM positively predicted dribbling (p = 0.060, t = 2.067, p = .040), while PSMM negatively
predicted dribbling performance (p = -0.046, t = -2.729, p = .007). BMI and PFI were not
significant predictors (p > .05). These findings indicate that body composition contributes
to dribbling performance, although the effects vary in direction, leading to partial support
for H2.

In contrast, the regression model examining passing performance (H3) was not statistically
significant (F = 2.149, p > .05), explaining only 1.9% of the variance (Adjusted R? = .019).
None of the anthropometric variables significantly predicted passing performance (all p >
.05). Therefore, H3 was not supported.

Concerning the effect of physical abilities on shooting performance (H4), the regression
model was statistically significant (F = 7.774, p < .05) and explained 8% of the variance
(Adjusted R? = .080). Power positively predicted shooting performance (3 = 0.001, t = 2.034,
p = .043), whereas sprint speed negatively predicted shooting (B = -2.702, t = -2.550, p =
.011). Agility did not significantly predict shooting performance (p > .05). Accordingly, H4
was partially supported.

For dribbling performance (H5), the physical abilities model was statistically significant (F
~ 15.670, p < .001), accounting for 15.8% of the variance (Adjusted R? = .158). All three
predictors significantly contributed to the model: agility (= 0.289, t =2.350, p = .020), power
(B=-0.000, t =-2.548, p = .011), and sprint speed (p = 0.962, t = 3.419, p <.001). These findings
demonstrate that physical abilities strongly influence dribbling performance, and therefore,
Hb5 was supported.

Finally, regarding passing performance (H6), the regression model was statistically
significant overall (F = 4.173, p <.05), explaining 3.9% of the variance (Adjusted R? = .039).
Power was the only significant predictor (p = 0.001, t = 2.819, p = .005), whereas agility and
sprint speed were not significant (p > .05). Consequently, H6 was partially supported.

Overall, the regression analyses reveal that physical abilities explain a greater proportion of
variance in basketball-specific skills than anthropometric characteristics. Dribbling
performance was the most strongly predicted skill, particularly by agility and speed, while
shooting performance was moderately influenced by body fat percentage and power.
Passing performance demonstrated a limited association with anthropometric traits and
was primarily predicted by power. However, the relatively modest R? values across models
suggest that technical performance in youth basketball is multifactorial and influenced by
additional tactical, cognitive, and training-related factors beyond anthropometry and
physical fitness.
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Table 10. Bivariate Regression Analysis: effect of Anthropometric Characteristics on Basketball
Specific Skills (n=235)

Hypothesis Regression Beta Adjusted T F P value  Hypothesis
Weights Coefficient R2 Supported

H1 PBFM - SS -0.280 0050  -2537 4085 0012 Partially
Anthropometric Supported
Characteristics PSMM - SS 0.059 0.050 0.932 4.085 0.352
significantly BMI - SS 0.120 0.050 1.344  4.085 0.180
affect Speed
Spot Shooting PFI - SS -0.683 0.050 -1.345  4.085 0.180
H2 PBFM - CD 0.060 0.143 2.067 10.762 0.040 Partially
Anthropometric ~ PSMM - CD -0.046 0143 2729 10762 0007  gypnorted
Characteristics BMI - CD 0.007 0.143 0.289 10.762 0.733
significantly
affect dribbling PFI -CD 0.040 0143 0302 10762 0763
performance
H3 PBFM - PS -0.140 0.019 -1.701  2.149 0.090 Not
Anthropometric ~ PSMM - PS 0.081 0019 1709 2149 0089  gynnorted
Characteristics BMI - PS 0.069 0.019 1.045 2.149 0.297
significantly
affect passing PFI -PS -0.521 0.019 -1.402  2.149 0.162
performance.

SS: Speed Spot Shooting, CD: Control Dribble, PS: Passing Score
Table Processed through SPSS

Table 11. Bivariate Regression Analysis: effect of Physical Abilities on Basketball Specific Skills

(n=235)

Hypothesis Regression Beta Adjusted T F P value  Hypothesis
Weights Coefficient R2 Supported

H4 Agility - SS -0.536 0.080 -1.158  7.774 0.284 Partially

Ph)_/s_i(_:al Power - SS 0.001 0.080 2034 7.774 0.043 Supported

Abilities Speed - SS -2.702 0.080 -2.550 7.774 0.011

significantly

affect Speed

Spot Shooting

H5 Agility - CD 0.289 0.158 2.350 15670 0.020 Supported

Physical Power- CD -0.000 0.158 -2.548 15670 0.011

Abilities Speed - CD 0.962 0.158 3.419 15670 0.000

significantly

affect Control

Dribble

H6 Agility - PS -0.022 0.039 -0.063  4.173 0.950 Partially

Physical Power - PS 0.001 0.039 2819 4.173 0.005 Supported

Abilities Speed - PS -0.493 0.039 -0.623  4.173 0.534

significantly

affect Passing
Score.

SS: Speed Spot Shooting, CD: Control Dribble, PS: Passing Score
Table Processed through SPSS
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6 CHAPTER SIX: DISCUSSION AND CONCLUSION

6.1 Discussion

This study examined the connections between important physical and anthropometric
characteristics, assessing their influence on basketball skills in Lebanese adolescent players,
considering gender and playing position. The research primarily focused on how body
composition affected key basketball skills, such as shooting accuracy, dribbling control, and
passing efficiency. In addition, the roles of agility, explosive power, and sprint speed in
developing and using these skills were analyzed. Statistical and multivariate analyses were
used to examine the relationships between physical traits, fitness characteristics, and
technical skill.

Differences in the impact of structural and functional variables on performance, as
influenced by gender and playing position, were also investigated. The findings are
intended to assist coaches in formulating position-specific training programs, thereby
facilitating the technical skill and physical development of young basketball players.

The study was guided by its General Hypothesis (HG), which postulated that
anthropometric characteristics and physical abilities are independent factors that
statistically significantly affect the key basketball-specific skills: shooting, dribbling, and
passing in Lebanese young basketball players according to gender and playing position.
Seven supporting hypotheses were tested for the purpose of answering the general research
hypothesis.

To improve comprehension of the findings, the study's results were assessed and validated
before being compared and contrasted with earlier studies looking at comparable factors in
young basketball players from different nations.

The study's findings indicated that the assessed contextual variables exhibited statistical
parity between male and female Lebanese youth basketball players. The lack of significant
age differences between the sexes is particularly significant, considering that biological
development during adolescence significantly affects body composition, muscle mass,
strength, speed, and power (Malina et al., 2004; Lloyd & Oliver, 2012).

To enhance the validity of performance comparisons and mitigate the impact of maturation
differences, it is often recommended that age be considered in research involving young
athletes (Vaeyens et al., 2008).

Most students lived in cities, with about 80% of them coming from urban areas. This is
consistent with global trends, where access to clubs, competitive leagues, and training
facilities is primarily concentrated in urban areas (Hoare, 2000; Vila et al., 2012). In cities,
late adolescents often have more chances for coaching and competition, which helps them
develop their technical and physical skills.

It is important to note that the vast majority of players —roughly 88-89% — were educated
in private schools. Many Middle Eastern and Mediterranean countries offer private schools
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that support athletic development through organized sports programs and interscholastic
competitions (Nikolaidis et al., 2014). Participation in school sports usually leads to more
regular training and more chances to compete. Most of the athletes' parents had moderate
to high levels of education, with about a third having university degrees. According to
earlier research, young athletes who have parents with higher levels of education are more
likely to start and continue playing sports. This difference likely arises from these parents'
greater understanding of health and their access to better resources (Coté, 1999; Fredricks &
Eccles, 2004). Because there were no differences in parental education between boys and
girls, it's unlikely that socio-educational support had a different effect on the athletic
development of males and females.

The parents of the athletes had similar basketball backgrounds. Research shows that as
young athletes mature, their performance increasingly depends on formal instruction rather
than a familial sports background, even though parents with sports experience can help
children develop and cultivate athletic talent (Coté, 1999) (Vaeyens et al., 2008). Given their
similar family histories, this study suggests that the ensuing performance differences
between boys and girls are mainly due to physical and corporeal factors rather than familial
influences. These findings align with global research on youth basketball, highlighting the
importance of considering demographic and environmental factors when analyzing body
measurements and performance (Vila et al., 2012; Nikolaidis et al., 2014).

Because the study groups had similar demographic characteristics, differences in their later

performance could be more easily linked to biological or sport-specific traits, rather than
social or environmental factors. In the case of Lebanese youth players, regardless of gender,
all individual technical skills were essentially the same across different playing positions.
However, physical attributes showed clear and consistent differences depending on the
position played.

These patterns are generally consistent with the global literature, despite observed context-
specific variations.

Anthropometric data showed the most noticeable differences in body height between the
sexes. Forwards (183.7 £ 3.3 cm) and guards (176.8 + 4.8 cm) were shorter than male centers
(191.8 £ 4.2 cm). In contrast, female centers (177.7 £ 5.5 cm) were taller than both forwards
and guards.

According to such a hierarchical framework, Cui et al. (2019) and Gryko et al. (2019) found
that centers at both elite and juvenile levels have clear height and reach advantages. Because
height has a major impact on rim protection, rebounding, and interior play, it is a crucial
factor in determining early positional specialization.

Strangely, guards had the highest BMI and centers the lowest, with little variation in body
mass across positions for either gender. According to studies conducted at the elite level,
centers usually have more lean muscle, which results in a larger body mass (Nikolaidis et
al., 2014). As adolescents mature and their training backgrounds diverge, differences in
body mass across positions might diminish, particularly within developing or non-elite
groups. The reduced BMI observed in this cohort can be attributed to the tendency for height
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to increase during adolescence, often preceding significant muscle development (Malina et
al., 2004).

These physical characteristics are crucial for early positional specialization, especially for
skills like rim defense and rebounding.

Body composition metrics, encompassing PBFM and PSMM, exhibited minimal inter-site
disparity. Female athletes presented a skeletal muscle mass percentage approximating 37-
39% and a body fat mass percentage around 20-21%. Conversely, male athletes
demonstrated a greater skeletal muscle mass percentage (approximately 44-45%) and a
reduced body fat mass percentage (roughly 12-13%). These observed sex-based differences
align with findings from international studies (Ostojic et al., 2006; Nikolaidis et al., 2014),
thereby suggesting that adolescent male athletes generally possess a higher lean mass and
a lower fat mass. The limited variability observed within each sex implies that, unlike
stature, body composition does not serve as a determinant for positional differentiation at
this developmental stage. Furthermore, a more muscular physique was correlated with
enhanced performance, as noted by Tiirkcapar (2021), potentially attributable to variations
in training regimens or competitive exposure.

There was significant parity between the sexes and all positions in terms of physical
characteristics, agility, vertical jump strength, and sprint speed. The agility times of guards,
forwards, and centers were almost the same roughly 12.2 seconds for females and 11.6
seconds for males. Sprint speed and vertical leap power showed very slight, insignificant
differences. These findings are in contrast to those of Ivanovi¢ et al. (2022) and Stankovi¢ et
al. In their 2022 study, it was observed that forwards and centers demonstrated superior
explosive power, whereas guards exhibited enhanced speed and agility. The subtle
differences observed within this sample may be attributable to their training regimens,
which emphasize general physical development rather than specialized conditioning.
Players within junior systems, where early specialization is less prevalent, might display
comparable neuromuscular characteristics. This viewpoint aligns with the approach of
Lloyd and Oliver (2012), who emphasize holistic physical development in adolescence prior
to the specialization in specific athletic roles. Furthermore, the physical performance data of
Lebanese male athletes, as presented by Stankovié et al. (2022), correspond with established
international benchmarks (e.g., agility approximately 11.6 seconds; sprint time around 3.1-
3.2 seconds), suggesting the presence of competitive physical standards notwithstanding
contextual variations.

Conversely, female performance values were somewhat lower than those observed in other
elite European cohorts, a difference likely stemming from variations in training exposure,
competition level, and sports system infrastructure.

Technically speaking, both genders' performance in all three categories: speed spot
shooting, control dribble, and passing score showed a great deal of consistency across
positions. For example, while female shooting scores varied slightly (14.7-16.1), male
shooting scores stayed relatively constant across positions (17.6-17.8). Passing and dribbling
scores showed very little positional variation. Rather than structural features, the observed
similarities can be explained by the dominance of training exposure, motor learning, and
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neuromuscular development on skill performance in adolescence (Karaleji¢ et al., 2009;
Vaeyens et al., 2008). This finding suggests that it might be premature to focus only on
physical dimensions for early specialization. Developing skills gradually through balanced
training is crucial for all occupations. This perspective aligns with global studies indicating
that a player's reach, height, and wingspan are crucial for determining their position, as
these attributes confer benefits in shot-blocking, rebounding, and scoring from close range
(Cui et al., 2019; Gryko et al., 2019). Furthermore, the existing standardization corroborates
the findings of Jakovljevic et al. (2011), who showed that maturation and training exposure,
rather than positional morphology alone, significantly influence technical performance
during adolescence. However, studies by Carvalho et al. (2018) and Ziv and Lidor (2009)
have found more significant skill disparities, with guards generally outperforming centers
in ball-handling and perimeter skills.

The analysis of gender differences showed that male athletes had better physical and body
characteristics than female athletes. These included greater height, more skeletal muscle,
less body fat, better vertical jump power, faster sprint times, and slightly higher technical
scores. These results corroborate previous studies (Ostojic et al., 2006; Ziv & Lidor, 2009;
Sattler et al., 2015) that primarily use neuromuscular and structural factors to explain gender
differences. The findings of Sattler et al. (2015) and Ben Abdelkrim et al. (2010), who
suggested that perceptual-cognitive skills may lessen sex-based disparities in some
technical competencies, are consistent with the decreased gender gap in passing scores.
International studies indicate that height is the primary determinant of positional
differentiation among Lebanese youth basketball players. The limited variance in body
composition and athletic prowess across positions may stem from the uniformity of training
regimens. Technical skills are essential across all positions, which encourages a broad
developmental approach instead of focusing on early specialization. Gender differences
reflect global patterns, especially regarding physical attributes and performance measures
that highlight strength. Lebanese youth show less positional specialization compared to elite
European and NBA players, particularly in technical and physical abilities. Distinct
positional profiles are becoming more apparent within carefully structured elite systems.
For example, guards usually exhibit greater speed and agility, while centers often display
more strength and vertical leap (Ben Abdelkrim et al., 2010; Cengizel & Cengizel, 2022;
Gryko et al., 2019). The similar profiles seen in this study may be due to differences in
training infrastructure, competitive standards, and developmental philosophies that
emphasize comprehensive skill development over early specialization, as suggested by
Lloyd and Oliver (2012) and Vaeyens et al. (2008). These findings also furnish crucial
contextual information, serving as a foundation for forthcoming inferential analyses that
will explore the anticipated correlations between anthropometric, physical, and technical
performance attributes.

Independent t-tests conducted on Lebanese youth basketball players indicated notable
gender disparities across nearly all assessed body measurements, athletic abilities, and most
technical proficiencies. These results support Hypothesis 7, demonstrating a significant
influence of gender on the attributes that contribute to basketball success across all
positions. Prior studies (Malina et al., 2004; Nikolaidis et al., 2014; Ziv & Lidor, 2009) suggest
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that biological, physiological, and developmental distinctions between male and female
athletes during adolescence can impact athletic performance.

In comparison to female players, male players at all positions: guards, forwards, and centers
showed higher height, weight, muscle mass, and lower body fat. This is consistent with
earlier research showing that due to hormonal and developmental changes during puberty,
teenage boys typically have larger body dimensions and increased lean mass (Malina et al.,
2004; Nikolaidis et al., 2014). Increased testosterone levels during late adolescence help boys
build muscle and bone, which can improve their basketball performance (Ben Abdelkrim et
al.,, 2010). Research conducted in Europe and elsewhere indicates that male athletes
typically exhibit greater height, weight, and muscularity than their female counterparts
occupying similar positions (Gryko et al., 2019; Sattler et al., 2015). Furthermore, the findings
of this study, which reveal a higher protein-fat index and a greater percentage of muscle
mass in boys, corroborate the superior muscularity observed in male juvenile basketball
players.

Male athletes consistently demonstrated superior agility, sprinting velocity, and explosive
strength across all positions. Contemporary investigations within the field of sports science
suggest that male athletes frequently possess greater muscle mass, a higher percentage of
fast-twitch muscle fibers, and enhanced anaerobic power (Armstrong & McManus, 2011;
Ziv & Lidor, 2009; Nikolaidis et al., 2014).

The better performance of men in this study might be explained by the importance of
explosive strength and speed in basketball, which are crucial for fast breaks, defensive plays,
and jumping. Further research on teenage basketball players revealed that males have better
vertical leaps, faster sprints, and increased agility at different levels (Ben Abdelkrim et al.,
2010; Sattler et al., 2015). The male players' physical dominance in this game is consistent
with youth basketball trends around the world.

The investigation also revealed gender-based disparities in technical proficiencies, although
these were less pronounced than the observed differences in physical attributes and body
dimensions. Female players typically exhibited slower dribbling speeds, whereas male
guards and forwards demonstrated superior shooting and passing abilities. The observed
difference might be attributed to the strong connection between basketball skill
performance and physical attributes. Previous studies suggest that abilities like dribbling
and shooting precision often depend on factors such as speed, strength, and coordination
(Gryko et al., 2019).

Male athletes often utilize greater force and speed, potentially enhancing their performance
in technical skill assessments. It is essential to recognize the substantial influence of training
exposure, tactical understanding, and motor learning processes on technical skills (Vaeyens
et al., 2008). As a result, the differences in training intensity, competitive chances, and
development paths between male and female basketball programs could contribute to the
observed differences in technical performance between the genders.

In the centers, where no statistically significant differences were found, the passing
performance didn't show consistent gender differences across all positions. This suggests
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that some basketball skills depend more on tactical awareness, cognitive abilities, and
teamwork than on physical characteristics. Previous studies show that situational
awareness and game intelligence are more strongly correlated with technical skills, such as
passing and decision-making, than with physical abilities (Sampaio et al., 2010). It's possible
that the tactical demands of this talent, rather than physiological factors, account for the lack
of significant gender differences in passing across centers.

The consistency of gender differences across playing positions is another noteworthy
finding. Across all positions, gender differences were consistently observed, regardless of
the players' specific roles. Male athletes generally showed similar advantages in physical
attributes and skill, regardless of whether they played as guards, forwards, or centers.

This suggests that even when players take on different roles, there are still physiological
differences between genders. These findings align with prior research in youth basketball,
which indicates that inherent biological disparities between male and female athletes
persistently influence performance, irrespective of positional requirements (Ben Abdelkrim
et al., 2010; Nikolaidis et al., 2014). Technical skill variations among young Lebanese
basketball players are contingent upon specific game situations and are of a relatively
modest magnitude. These observations underscore the intricate nature of basketball
performance and the imperative of accounting for gender-specific developmental attributes
when formulating youth training programs. In addition to providing equal chances for skill
development and tactical training for male and female athletes, coaches and sports scientists
should use gender-sensitive training methods. These methods should consider differences
in physical development, strength, and potential for performance.

A one-way MANOVA, conducted separately for each gender, was used to assess how
playing position affected the physical characteristics, physical abilities, and basketball-
specific skills of Lebanese youth basketball players.

The results demonstrated a statistically significant multivariate effect of playing position
for both male and female participants, implying that several of the variables under
investigation displayed variance across guard, forward, and center positions. These
observed differences suggested that, while physical attributes and technical proficiencies
were largely consistent across positions, positional differentiation was primarily associated
with anthropometric characteristics, specifically body height and BMI. Therefore, the data
partially supported Hypothesis 8, illustrating that playing position has a more substantial
impact on structural traits than on functional or technical performance indicators in young
basketball players.

The MANOVA results showed significant differences in body height and BMI among male
players, depending on their position. Centers were significantly taller than both forwards
and guards. Additionally, forwards were taller than guards. Centers also had higher BMI
values than players in other positions. According to Hoare (2000), Karaleji¢ et al. (2009), Vila
et al. (2012), Ben Abdelkrim et al. (2010), Sampaio et al. (2006). The results align with the
usual positional structure in basketball. In this structure, taller players are usually assigned
to positions near the basket, like center. This is because these positions require skills for
rebounding, blocking shots, and scoring from close range (Sampaio et al., 2010). Additional
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research indicates that centers are the tallest athletes, followed by forwards and guards
(Gryko et al., 2019; Ostojic et al., 2006). Height is considered a crucial determinant of position
assignment in basketball because it enhances reaching ability, rebounding proficiency, and
defensive capabilities near the basket. Athletes occupying interior positions generally
exhibit a greater body mass relative to their height, a characteristic that corresponds with
the elevated BMI observed in the present study (Nikolaidis et al., 2014). The increased BMI
in the study's centers corroborates previous research, which has shown that athletes in
interior positions typically possess a larger body mass in relation to their height, reflecting
the physical demands of posture and contact play (Nikolaidis et al., 2014). Conversely, the
analysis of different body composition metrics, including muscle mass, protein-fat index,
and body fat percentage, revealed minimal variation across positions. This suggests that, at
the youth level, players' overall body composition is relatively uniform, notwithstanding
differences in height and size. Furthermore, research indicates that body size, rather than
specific body composition, primarily differentiates positions in young basketball players,
alongside strength and jumping ability (Sampaio et al., 2010).

Likewise, no significant disparities were observed in the basketball-specific technical
proficiencies, such as shooting, dribbling, and passing, among male athletes across different
playing positions. This finding implies that adolescent players might undergo comparable
technical instruction irrespective of their assigned positions. Prior investigations into youth
basketball have underscored the importance of cultivating a broad range of skills during the
formative years, rather than restricting players to specific technical roles (Vaeyens et al.,
2008). Consequently, the study's lack of technical specialization could indicate a
developmental strategy that prioritizes the acquisition of a comprehensive skill set before
the more defined assignment of positional responsibilities in subsequent competitive levels.

For female players, the MANOVA analysis revealed a pattern similar to that of the male
players. Significant differences in body height and BMI were found based on position;
specifically, centers were taller and had higher BMIs than guards and forwards. The notable
height difference highlighted its importance in the positioning of young female athletes.
These results are consistent with global research showing that centers are generally much
taller than perimeter players (Nikolaidis et al., 2014; Ziv & Lidor, 2009).

Likewise, the female group demonstrated no statistically significant disparities in technical
skills, physical performance metrics, or body composition characteristics. This study's
findings imply that uniform physical and technical training should be implemented for all
athletes, regardless of their assigned position, within the framework of youth basketball
development.

Youth development programs frequently emphasize the cultivation of a diverse skill set and
physical attributes to optimize athletes' long-term athletic potential (Lloyd & Oliver, 2012).
Consequently, positional specialization may become more pronounced, particularly within
elite or professional environments and during advanced phases of competitive progression.

The comparable outcomes observed in male and female subjects imply that the
categorization of juvenile basketball players by position is largely determined by physical
attributes, rather than performance metrics, especially within developmental leagues where
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training methodologies and strategic approaches are still in flux. These results align with
existing literature on talent identification, which suggests that coaches frequently prioritize
height when assigning playing positions in basketball (Vaeyens et al., 2008).

The MANOVA findings indicate that, within the cohort of Lebanese youth basketball
players, playing position significantly influences anthropometric characteristics, specifically
body height and BMI; conversely, most technical skills and physical attributes exhibit
relative uniformity across positions. The data suggest that positional differentiation among
these young athletes is predominantly structural in nature, rather than functional. Despite
the absence of substantial disparities in technical and physical capabilities, shorter players
tend to be assigned to perimeter positions, whereas taller athletes are typically positioned
in interior roles, such as centers.

Conversely, roles within elite adult basketball are distinctly determined by physical
characteristics, body dimensions, and tactical responsibilities (Sampaio et al., 2006; Sampaio
et al., 2010; Ziv & Lidor, 2009). The observed similarities among the young athletes in this
investigation illuminate their developmental trajectories, the training methodologies
employed in youth programs, and the progressive evolution of positional specialization
within Lebanese basketball. Consequently, these findings underscore the necessity of
training regimens that emphasize comprehensive technical and physical development prior
to the implementation of position-specific specialization.

Pearson correlation and bivariate regression analyses were utilized to examine the
relationships between body measurements, athletic performance, and basketball-specific
skills within a group of Lebanese youth basketball players. The central aim was to evaluate
the impact of structural and functional characteristics on passing, dribbling, and shooting
abilities. The findings indicate that, despite variations in the magnitude of these correlations
across skill levels, technical performance in youth basketball exhibits a correlation with both
physical and physiological factors.

The Pearson correlation study showed that how well someone shoots quickly is positively
related to their height, body weight, and muscle strength. This finding aligns with previous
research indicating that taller and stronger players tend to excel in speed-spot shooting
exercises. Specifically, height and upper-body strength confer mechanical advantages in
shooting, primarily through enhanced shooting stability and higher release points (Okazaki
& Rodacki, 2012; Ziv & Lidor, 2009). Furthermore, a positive correlation exists between
power and shooting performance, which is consistent with studies suggesting that explosive
strength enhances shooting efficiency, particularly in dynamic scenarios that demand rapid
force production. Explosive power significantly predicted both shooting and passing
performance. Shooting stability and range are improved by lower-body power, which helps
transmit force more effectively through the kinetic chain (Mikotajec et al., 2025).

Likewise, effective passing requires quick force production and the coordinated integration
of the upper and lower body, especially when executing long-distance passes.

A negative correlation was observed between shot performance and sprint speed. This
finding could suggest a biomechanical compromise between optimal linear velocity and the
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controlled deceleration necessary for accurate shooting. Furthermore, the differing
neuromuscular demands of various technical skills are underscored by the observation that
shooting accuracy is more influenced by trunk stability and precise motor control than by
peak velocity.

A. Shooting Performance

Shooting performance exhibited a negative correlation with body fat percentage, sprint
velocity, and agility. Specifically, body fat percentage detrimentally affected shooting
ability; this observation aligns with the research of Ferioli et al. (2018), who suggested that
elevated adiposity could compromise neuromuscular efficiency, balance, and movement
economy. Shooting necessitates precise force transfer, fine motor coordination, and postural
stability; increased fat mass may reduce mechanical efficiency and accuracy. Height and
body mass exhibited a positive correlation with shooting and passing performance, likely
attributable to increased release angles, leverage, and force application (Mikolajec et al.,
2025). Nevertheless, the overall explained variance of the anthropometric parameters was
modest, implying that technical ability in young athletes may not be solely dictated by
structural attributes (Vila et al., 2012). Consequently, this study reinforces the idea that
enhanced fine motor skill performance during developmental phases does not invariably
result from increased size or strength. Regression analysis provided further elucidation of
these relationships. The sole anthropometric predictor demonstrating statistical significance
in relation to shooting performance was percentage body fat mass (PBFM), thereby
suggesting that players exhibiting lower body fat percentages achieved superior
performance. Within the physical abilities model, power exhibited a positive correlation
with shooting performance, whereas sprint speed demonstrated a negative correlation.
These observations imply that explosive power and body composition exert a minimal
impact on the shooting proficiency of young basketball players. Furthermore, other factors,
including shooting ability, coordination, and perceptual-motor control, may also be
significant contributors, as evidenced by the limited explained variation (Adjusted R? =.050-
.080) (Okazaki & Rodacki, 2012). Consequently, these findings propose that although
anthropometric characteristics influence spatial organization, their direct effect on technical
performance is less pronounced during adolescence.

B. Effectiveness of Dribbling (Control Dribble)

Dribbling performance exhibited the most robust associations with anthropometric and
physical attributes when compared to the other two technical skills assessed. The premise
that basketball dribbling demands rapid directional alterations and enhanced
neuromuscular coordination is substantiated by Pearson correlations, which revealed a
positive relationship between superior dribbling performance and heightened agility and
sprint speed (Scanlan et al., 2012). This finding aligns with the work of Sattler et al. (2015)
and Ziv and Lidor (2009), who emphasized the importance of neuromuscular coordination
and change-of-direction speed for effective ball handling. Quick deceleration and
reacceleration are essential components of agility performance when dribbling under
defensive pressure. These statistics demonstrate how crucial speed and agility are when
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handling the ball, particularly during offensive transitions and under pressure from the
defense. Significantly, height, body weight, skeletal muscle mass, and power were all
negatively correlated with dribbling performance, indicating that shorter, lighter athletes
had superior dribbling control. This pattern is consistent with positional tendencies in
basketball, where guards who are typically lighter and shorter than interior players — often
have better ball-handling skills (Ben Abdelkrim et al., 2010).The biomechanical advantage
of less lower body inertia, which enables players with smaller bodies to move the ball more
deftly during quick movements, may also be indicated by the inverse correlation with
skeletal muscle mass.The regression analysis confirmed that physical abilities significantly
influence dribbling performance. Among the models studied, the one focused on physical
abilities explained the most variance (Adjusted R? = .158). Power showed a negative
correlation with dribbling performance, while agility and sprint speed were positively
correlated. The results are consistent with other studies that indicate speed, agility, and
coordination have a greater impact on ball-handling effectiveness than peak strength
(Scanlan et al., 2012). Additionally, anthropometric regression analysis revealed that skeletal
muscle mass had a negative correlation with dribbling performance while body fat
percentage had a positive correlation, highlighting the complex relationship between body
composition and movement-related technical skills.

C. Passing Performance

In contrast to shooting and dribbling, passing performance exhibited less pronounced
correlations with anthropometric and physical characteristics. The correlation analysis
revealed minor positive associations between passing and body height, body weight,
skeletal muscle mass, and power, suggesting that taller and stronger players might
experience a marginal benefit in passing-related activities. The results align with studies
that indicate larger bodies and stronger upper bodies improve the length and force of
passes, particularly in fast-break situations (Gryko et al., 2019).Conversely, the majority of
anthropometric and physical characteristics exhibited no substantial correlation with
passing performance, suggesting that technical skill, decision-making, and perceptual-
cognitive capabilities might be more critical determinants of passing proficiency than
physical attributes in isolation. The minimal impact of physical traits on basketball passing
could be attributed to the necessity of integrating visual perception, anticipation, and
strategic understanding (Vaeyens et al., 2008). Perceptual-cognitive factors, including
judgement, anticipation, and spatial cognition, may exert a more significant influence, as
demonstrated by the diminished correlations between passing performance and
anthropometric and physical variables (Vestberg et al., 2012). This observation underscores
the complex interplay of factors influencing basketball performance, extending beyond
mere physical characteristics. The regression analysis corroborated this interpretation. Body
composition variables do not seem to be reliable predictors of passing performance in young
basketball players, as the anthropometric regression model for passing performance lacked
statistical significance. Conversely, power emerged as the sole significant predictor within
the physical abilities model, demonstrating a modest yet significant predictive effect. This
finding implies that overall passing effectiveness is largely contingent upon technical and
tactical proficiencies, notwithstanding the potential for explosive strength to augment pass
strength. Furthermore, the model's restricted explanatory power (Adjusted R? =.039)
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reinforces the notion that a range of factors beyond anthropometry and fundamental
physical fitness contribute to passing performance.

Comprehensive Analysis

The findings from the correlation and regression analyses indicate that the impact of
physical attributes and anthropometric measurements on basketball-specific proficiencies
is significantly contingent upon the nature of the technical tasks. Dribbling performance
exhibited the most robust correlation with physical characteristics, especially speed and
agility, thereby underscoring the critical importance of dynamic movement skills in ball-
handling maneuvers. Body composition and power had a moderate impact on shooting
performance, but passing performance showed very little correlation with the variables
under analysis. The findings indicate that technical proficiency is a product of multiple
influences, shaped by the interplay of physical, anthropometric, technical, and cognitive
elements, a conclusion that aligns with contemporary investigations into youth basketball
performance (Gryko et al., 2019; Scanlan et al., 2012; Vaeyens et al., 2008). The limited
explanatory power of the regression models implies that, although physical and
anthropometric attributes exert an influence on skill execution, they only partially account
for the complex developmental trajectory that underpins basketball aptitude. These results
underscore the necessity of comprehensive training protocols that integrate the cultivation
of technical and perceptual-cognitive proficiencies with physical conditioning for
adolescent basketball players. Coaches are cautioned against exclusively prioritizing
physical attributes when evaluating young athletes, given that technical execution during
formative periods is shaped by a constellation of interconnected elements. From a practical
standpoint, the findings equip coaches, sports scientists, and training staff with evidence-
based insights to create tailored development programs that account for individual player
profiles, gender differences, and positional demands. For example, male and female players,
as well as guards, forwards, and centers, may require distinct emphasis on agility, speed,
power, or skill-specific drills to optimize performance. Such targeted programming
supports long-term athletic development (Lloyd & Oliver, 2012) by improving physical
capacities, refining technical skills, and reducing injury risk, ultimately enhancing both
individual performance and team outcomes.

Furthermore, the study addresses a critical gap in regional sports science by providing
context-specific data on Lebanese youth basketball players. While existing research often
focuses on European or North American populations, this study contributes empirical
evidence from the Middle Eastern context, offering culturally and developmentally relevant
insights. This regional perspective informs coaching strategies, talent identification, and
program design in Lebanon, advancing basketball development at the national level.

In terms of talent identification, the study proposes a comprehensive evaluation model that
integrates anthropometric, physical, and technical assessments to support objective, data-
driven selection processes. By linking structural characteristics and functional abilities to
performance outcomes, the model enhances coaches’ capacity to identify potential talent
early while ensuring balanced development across skills and positions. This approach
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aligns with modern long-term athlete development frameworks emphasizing holistic,
evidence-based pathways from youth to elite levels (Vaeyens et al., 2008; Ziv & Lidor, 2009).

6.2 Conclusion

The findings indicated that body mass index and height exhibited positional variation;
specifically, shorter and lighter athletes were generally assigned to guard positions, whereas
taller and heavier athletes were typically positioned inside. However, skills like shooting,
dribbling, and passing showed cross-positional similarities, suggesting that young athletes
value skill development over positional specialization. Agility, sprint speed, and explosive
power were among the physical characteristics that varied among players and were found
to be important for basketball success. Pearson correlation analysis revealed significant
relationships between anthropometric factors and basketball skill. Players with elevated
body fat percentages, reduced sprint speeds, and compromised agility frequently
experienced less favorable shooting results. Conversely, those possessing greater height,
weight, and strength often exhibited enhanced shooting performance. Moreover, physical
characteristics, especially agility and sprint speed, were significantly associated with
dribbling proficiency; however, athletes of larger size or increased muscularity typically
demonstrated diminished dribbling capabilities, implying a possible trade-off between size
and swift movement. In contrast, only height, weight, muscle mass, and explosive power
showed slight positive correlations with passing, which were less strong and less consistent.
The predictive power of these variables was clarified through bivariate regression analysis.
Specifically, shooting performance exhibited an inverse relationship with body fat
percentage; moreover, the contributions of skeletal muscle mass and body fat to dribbling
performance were deemed statistically insignificant. Anthropometric factors exhibited a
limited capacity for prediction. Physical skills, however, proved to be more dependable
indicators: explosive strength and sprint speed were strong predictors of shooting
performance, while agility, sprint speed, and power significantly influenced dribbling
performance. Explosive power emerged as the primary indicator of passing performance,
with other physical attributes exerting minimal influence. Regression models accounted for
a limited proportion of the variance, with dribbling demonstrating the strongest predictive
capacity. This finding highlights the intricate nature of technical skill acquisition and
suggests the probable influence of supplementary factors, including tactical understanding,
perceptual-cognitive abilities, and prior training. The results were significantly influenced
by gender and playing position. Although both boys and girls had similar technical skill
levels, male players tended to be taller, heavier, and more muscular, and they demonstrated
superior speed, power, and agility. Differences in physical characteristics were more
noticeable than differences in skills, suggesting that a young basketball player's position is
significantly influenced by their body type. These data provided varying degrees of
corroboration for the study's hypotheses.

- H1: Partially Supported; while other anthropometric measurements were not
effective, body fat mass percentage was a predictor of shooting performance.

- H2: Partially supported; dribbling performance is somewhat predicted by body
composition traits.
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- H3: Not supported; passing performance was not significantly predicted by
anthropometric variables.

- H4: Partially supported; shooting was predicted by explosiveness and sprint speed
but not by agility.

- Hb5: Supported; dribbling performance was strongly predicted by agility, sprint
speed, and power.

- Heé: Partially supported; sprint speed and agility were not significant predictors of
passing, but explosive power was.

- H7: Supported; the relationship between anthropometric and physical traits and
technical abilities was significantly influenced by gender.

- HB8: Partially supported; the playing position had a more significant effect on body
measurements and physical characteristics than on technical skills.

The significance of this study lies in its ability to advance understanding of how
anthropometric characteristics and physical fitness influence basketball skill development
in young Lebanese athletes, while accounting for both gender and playing position. By
examining the interplay between body composition (e.g., height, body mass, body fat
percentage, skeletal muscle mass percentage, and protein fat index), physical abilities
(agility, power, and speed), and basketball-specific technical skills (shooting, dribbling,
passing), the study provides a multidimensional perspective on performance determinants
in youth basketball. This approach moves beyond isolated assessments, highlighting the
interaction between structural, functional, and technical factors and offering a nuanced
understanding of youth athlete development.

Finally, the implications of this research extend beyond Lebanon. The multidimensional
framework and assessment methodology can be adapted to other regions seeking to
enhance youth basketball performance through scientifically grounded practices. By
bridging theoretical knowledge and applied training, the study contributes both to the
academic literature and practical coaching methodologies, providing a scalable, evidence-
informed model for nurturing youth basketball talent globally.

While this study provides valuable scientific insights into the factors influencing basketball
performance in young Lebanese players, highlighting the interactions among body
measurements, physical abilities, and technical skills across genders and playing positions,
the cross-sectional design limits the ability to draw conclusions about developmental
changes.

Finally, the subsequent recommendations are presented in consideration of the present
tindings:

e Considering that agility, sprint velocity, and explosive strength substantially
influence dribbling and shooting efficacy, youth basketball training initiatives should
incorporate physical conditioning alongside the refinement of technical skills.
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Prioritize Agility and Speed: Because these physical attributes are the primary
indicators of dribbling proficiency in young basketball players, coaches should
concentrate their training efforts on agility and multidirectional speed development.

Coaches and trainers should assess body composition and suggest appropriate
physical conditioning methods to enhance adolescents' athletic performance, given
the negative correlation between body fat percentage and shooting proficiency.

Explosive power in the lower body is crucial; it directly translates to better shooting
and passing. Therefore, a regular regimen of plyometric and strength training is
essential to cultivate this attribute.

Multidimensional Talent Identification: Rather than depending solely on height or
body size, talent identification programs should evaluate athletes using a
combination of anthropometric characteristics, physical capabilities, and technical
skill evaluations.

To prevent early specialization, coaches should encourage the development of a wide
range of basketball skills across all positions during the early stages of skill
development. This is especially important because Lebanese youth players showed
less clear position-based differences.

Customized training plans are essential. To boost technical skills and overall
performance, coaches need to develop training regimens that are specifically
designed for each player's unique physical attributes.

Comprehensive Player Development: To support long-term athlete advancement,
youth development programs must place a high priority on basic movement skills,
coordination, motor control, and technical proficiency.

Future programs and training should consider possible gender differences in the
technical and physical abilities of adolescent basketball players.

Improvement of Performance Determinants in Future Research: To better
understand basketball performance, future studies should incorporate additional
factors such as strategic awareness, perceptual-cognitive skills, training experience,
and cognitive components.

Longitudinal Research Designs: Long-term studies are recommended to examine
how anthropometric characteristics, physical capacities, and technical skills change
over different stages of youth development.

Cross-Cultural and Comparative Studies: More studies comparing young basketball
players in different nations or competitive settings would provide insightful
information about how training regimens and developmental frameworks affect
players' performance.
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Establishment of National Basketball Databases: In Lebanese basketball, the creation
of national databases for anthropometric, physical, and technical performance
metrics may help with evidence-based talent identification and athlete development
programs.

Sports organizations and coaching programs should encourage the use of scientific
research to guide training methods and development plans for young basketball
players. A long-term study is needed to track how body measurements and physical
abilities change as people mature and train.

Also, technical assessments might not fully capture the tactical aspects of real games,
because they are done in controlled settings.

To create a more comprehensive performance model, future research should
incorporate match-performance statistics, biomechanical assessments, and mental
assessments. The results suggest that future studies should track players over time
to evaluate their development, include additional measures of tactical
understanding, cognitive skills, and training intensity, and improve coaching
strategies and talent identification in Lebanese youth basketball.
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APPENDICES

Appendix 1: Lebanese Basketball clubs and Academies

Our Research Sample

Academy

Name of the Academy Director

Blue Stars Academy

Mr. Nadim Abboud

Riyadi Academy

Mr. Mazen Tabbarah

Hoops Academy

Mr. Jassem Kanso

NSA Academy

Mr. Nadim Souaid

Dynamo Academy

Mr. Faisal Kalaawi

M13 Academy

Mr. Elie Mchantaf

Energy Academy

Mr. Ghazi Boustany

Extra Time Academy

Mr. Mahmoud Harb

Chabibeh Academy

Mr. Fadi Tabet

Sagesse Academy

Mr. Elie Yahchouchi

Brainers Academy

Ralf Akl

Kahraba Academy

Saba Makhlouf

82




Appendix 2: Copy of the Ethical Approval Given by Faculty of Sport and
Physical Education, University of Belgrade

L YHEMBEPSUTET VY BEOrPany
CAKYATET CROPTA z-;nutiko.'st‘cﬂxnu&q
EEQOrPALf

L B 075
Spey

i figuror | Bpemwoor

o4 - 198 /4512

YHUBEP3UTET ¥ BEOTPAZLY

Axpeca: Crynenteku 1pr 1, 11000 Beorpan, Peny6imka Cp6uja
Ten.: 011 3207400; ®axkce: 011 2638818; E-mail: kabinet@rect.bg.ac.rs

BERE HAYUYHUX OBJIACTHU Beorpan, 28. okro6ap 2025. rogune
APYIITBEHO-XYMAHHMCTHUYKHX 02-02 Bpoj: 61206-3315/4-25
HAVKA MI{

Ha ocHoBy unana 48 craB 5 Tauka. 3 Craryra YHuBep3utera y
Beorpany (,['macuux VYuusepsurera y Beorpamy®, 6p. 201/18, 207/19,
213720, 214/20, 217/20, 230/21, 232/22, 233/22, 236/22, 241/22, 243/22,
244/23, 245/23, 247/23, 251/23, 258/24, 260/25 wu 262/25) u unana 32
IIpaBuiniKa O JAOKTOpCKHMM CTyaMjama Ha YHuepsutery y beorpany
(,['macaux Yrusepsurera y Beorpamy*, 6p. 191/2016, 212/2019, 215/2020,
217/2020, 228/21, 230/21, 241/22 u 259/24), a Ha 3axTeB ®dakyrera cropta
¥ (usndkor Bacnutama 6p. 02-1067/25-10 ox 10. okroGpa 2025. roaume,
Behe maysnmx o6mactd  ApymITBEHO-XYMAaHMCTMUKAX — HayKa, Ha
CJIEKTPOHCKO] CeHMLM 0IpKaHOj 28. okToGpa 2025. roauHe, TOHENO je

OANVYKY

JAJE CE CATJIACHOCT Ha omnyky HacraBHo-Hayuror Beha
®akynTera criopTa 1 GU3MUKOr BACMHTAA O [PUXBATARY TEME JOKTOPCKE
muceprandje MA3SEHA A3UJA  (Mazen Azzi), 10x HA3MBOM:
»Associations between anthropometric characteristics, motor abilities and
technical skill development in Lebanese youth basketball: a cross-
positional study* (,,Penanuje usmehy AHTPOIIOMETPHjCKUX
KapakTepUCTHKA, MOTOPUYKHX CIOCOOHOCTH M pa3Boja TEXHUYKHX
BEIITHHA y JIMOGAHCKO] OMIA/IMHCKO] KOWApLM: CTyAHja Npeceka“) u
oapehusamy npod. ap Came JakoBibeBuha 3a MeHTOpA.

JlocTaBuTH:
- @akynrery
- apXuBM YHHBep3HTETa

83



LJKSS

International Journal of Kinesiology & Sports Science

Appendix 3: Published Paper 1

A

Ficurkhieg Cuatilty & Utsracy

ISSN: 2202-946X
www.ijkss.aiac.org.au

Positional Differences in Anthropometric Characteristics and Technical Skills Among Youth

Basketball Players

Mazen Azzi*'", Sasa Jakovljevic

University of Belgrade, Faculty of Sport and Physical Education, Blagoja Parovica 156, 11030, Belgrade, Serbia

Corresponding Author: Mazen Azzi, E-mail: azzimazen@gmail.com

ARTICLE INFO

ABSTRACT

Article history

Received: November 05, 2025
Revised: December 11, 2025
Accepted: January 05, 2026
Published: January 30, 2026
Volume: 14 Issue: 1

Conflicts of interest: None
Funding: None

Background: Youth basketball participation is rising globally, prompting evidence-based
approaches to talent development, with performance shaped by technical skills, anthropometry,
physiology, coordination, and structured assessment of growth and maturation. Objectives: This
study examines the positional variations in Anthropometric traits and technical abilities unique
to basketball among Lebanese youth basketball players aged 16-18 years. Methods: In this
cross-sectional study, three positional groups, guards, forwards, and centers, were determined
among 142 male players who were between the ages of 16 and 18. Body height, body mass,
body fat percentage, and skeletal muscle mass were anthropometric variables, and spot shooting,
control dribble, and passing accuracy tests were used to evaluate technical performance. To
ascertain positional differences among the combined dependent variables, a one-way multivariate
analysis of variance (MANOVA) was used. Results: Results revealed a statistically significant
multivariate effect of playing position on the combined measures (p < 0.001). However, follow-
up univariate analyses indicated that only body height differed significantly across positions
(p < 0.001), with centers being markedly taller than forwards and guards. No significant
positional variations were found for Anthropometric traits and technical abilities unique to
basketball. Conclusion: These results imply that anthropometric, rather than skill-based, factors
predominate in positional distinction among young basketball players in Lebanon. The findings
demonstrate the early importance of physical characteristics, especially height, in defining
positional responsibilities, even when technical ability competency is largely constant across
playing positions. It is recommended that before moving on to position-specific specialization,

coaches and talent developers priorities comprehensive, multiskilled training methods.

Key words: Anthropometry, Physical Fitness, Basketball, Sports Performance, Adolescent,

Motor Skills.

INTRODUCTION

Among the most popular team sports worldwide is basket-
ball., with youth participation steadily increasing in recent
years (Sodaitis, 2020). The demand for evidence-based strat-
egies for long-term player development and talent identifi-
cation has increased as a result of this expansion (Hadzic
et al., 2012). The focus of contemporary study has shifted
from identifying “talent” early on to comprehending the de-
velopmental processes that lead to competence, emphasizing
the intricate interactions between biological, technological,
and physical elements in performance (Falk et al., 2004).
Shooting accuracy, dribbling, and passing precision are
key determinants of basketball performance (Ziv & Lidor,
2009). Their acquisition depends not only on deliberate prac-
tice, tactical knowledge, and coaching strategies but also on
athletes” anthropometric and physiological traits, which in-
fluence movement efficiency and neuromuscular coordina-
tion (Drinkwater et al., 2008). Standardized testing systems,

Published by Australian International Academic Centre PTY.LTD.

have long assessed how body proportionality, coordination,
and maturation impact skill development (Borukova, 2020;
Apostolidis & Emmanouil, 2015).

Anthropometric characteristics including height, body
mass, skeletal muscle percentage, and body fat percentage
substantially shape performance potential. Greater muscle
mass enhances explosive power, supporting passing, shoot-
ing, and rebounding, whereas excess fat can impair techni-
cal efficiency, speed, and endurance during high-intensity
play (Hoare, 2000; Nikolaidis et al., 2015). Performance
and training adaptations in youth are closely associated
with body composition, whether measured by bioimped-
ance or manual anthropometry (Zari¢ et al., 2020; Ivanovic
et al., 2022). Yet, few studies have specifically discovered
how body composition variations influence basketball-spe-
cific technical skills, as most research focuses on gener-
al motor abilities such as agility, running, and jumping
(Carvajal et al., 2012; Ramos et al., 2019).

Copyright (c) the author(s). This is an open access article under CC BY license (https://creativecommons.org/licenses/by/4.0/)
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1. AytopcTBO. [lJ03BO/baBaTe YMHOXaBatbe, ANCTPUOBYLMjY U jaBHO caonLuTaBare aena, u
npepage, ako ce HaBe/e Me ayTopa Ha HaunH ogpeheH o4 cTpaHe ayTopa unv faBaoua
NULeHLe, Yak 1y KomepumjanHe cBpxe. OBO je Hajcno6oaHMja 04 CBUX NNLEHLN.

2. AyTopCcTBO — HEKOMepLujanHo. [1o03Bo/baBaTe yMHOXKaBawe, ANCTpubyLnjy 1 jaBHO
caonwitaBame gena, u npepage, ako ce Hapeae MMe ayTopa Ha HauunH oapefeH of cTpaHe
ayTopa unu gasaoua nuueHue. OBa nuueHua He 403B0o/baBa KoMepumjanHy ynotpeby aena.

3. AyTOpCTBO — HeKkoMepLmjanHo - 6e3 npepaaa. [103Bo/baBate yMHOXKaBaHbe, ANCTpUByLujy 1
jaBHO caonwTaBarbe aena, 6e3 npoMeHa, npeobnvkoBatrba Unuv ynotpebe Aenay CBOM Aeny, ako
ce HaBe/le UMe ayTopa Ha HauuH oapefeH o cTpaHe ayTopa unv gaBaola nuueHue. Oea
NULeHLa He 103B0/baBa KoMepumjanHy ynotpeby aena. Y oAHOCY Ha CBE ocTasne MLEeHLEe, OBOM
NULIEHLIOM Ce orpaHuyaBa Hajsehn 06uM npasa kopuiwherba aena.

4. AyTOPCTBO — HEKOMepLMja/IHO — AeNUTU NOA UCTUM YCNOBUMA. [103BO/baBaTE YMHOXKaBaE,
AVCTpUBYLMjy 1 jaBHO caoriuUTaBatbe Aena, U npepajae, ako ce HaBeae Me ayTopa Ha HauunH
oapeheH of cTpaHe aytopa v AaBaoua NULEHLE 1 ako ce npepaaa aucTpubympa nog ucTtom
WU CAMYHOM NnLeHLoM. OBa NiMLIeHLIA He A03BO/baBa koMepuujanHy ynotpeby aena u
npepapaa.

5. AytopcTBo — 6e3 npepaga. [1o3Bo/baBate yMHOXaBare, AUCTPpUOyLMjy 1 jaBHO caorLlTaBakbe
nena, 6e3 npoMeHa, npeobnnkoBara NN ynotpebde genay CBOM Aeny, ako ce HaBeae ume
ayTopa Ha HauuH oapeheH of cTpaHe ayTopa Unn gasaola nuueHue. OBa nvueHua 403B0/baBa
KoMepumjanny ynotpeby gena.

6. AyTOpCTBO — ieINTU NoA, UCTUM ycnoBUMa. [J03Bo/baBaTe YMHOXKaBake, ANCTpnbyunjy 1
jaBHO caonwiTaBatbe gena, v npepaze, ako ce HaBeae uMe aytopa Ha HauuH oapeheH of
cTpaHe ayTopa unu Aaeaola NULEeHLEe 1 ako ce npepaga anctpmbympa nog UCTOM UNU CAVYHOM
nuueHuom. OBa nuLeHL,a 403BO/baBa KoMepumjanHy ynotpeby aena v npepaga. Cnmyxa je
COPTBEPCKUM NNLLEHLLaMa, OAHOCHO NiMLEHL,aMma OTBOPEHOT KoAa.
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