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Abstract: 

This research investigates the biomechanical aspects of lay-up shots in basketball, specifically 
comparing male and female athletes. The primary aim was to analyze anthropometric and 
kinematic variables, including approach speed, take-off velocity, and ball release parameters, 
across different zones of the two-point field goal area. The study involved national-level male 
and female basketball players, and data were collected using high-speed cameras and motion 
capture software. Statistical analysis, including ANOVA, was used to determine if significant 
differences existed between zones for each variable. Results indicated no significant 
differences in approach speed, take-off velocity, or ball release height for male players across 
zones. However, female players demonstrated significant variations in approach speed and 
horizontal velocity, particularly in zones closer to the basket. Differences in joint angular 
velocities and ball release speed were also more pronounced among female players, 
highlighting the need for gender-specific training regimens. These findings suggest that while 
male players exhibit consistent kinematic patterns across zones, female players’ performance 
is more sensitive to positioning on the court. Understanding these differences can help coaches 
tailor training strategies to improve lay-up execution. The research contributes to a better 
understanding of gender-specific biomechanical patterns in basketball and offers valuable 
insights for optimizing performance through individualized training protocols. 
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Introduction: 

Basketball is a high-intensity sport that requires a combination of strength, agility, and 
precision. The lay-up shot, a crucial aspect of the game, is typically executed at high speed, 
often during fast breaks or offensive drives. This shot requires players to maintain balance and 
control while in motion, making it a complex biomechanical task. Given the increasing 
emphasis on optimizing player performance, there has been a growing interest in the 
biomechanics of shooting in basketball. While studies have investigated the mechanics of 
various types of shots, such as free throws and jump shots, lay-ups remain an area of interest 
due to their frequency in game situations. Moreover, understanding the gender-specific 
differences in shot mechanics can provide valuable insights for optimizing training and 
performance. The lay-up shot is a fundamental component of basketball, utilized by players of 
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all levels to score points efficiently from close range. Various biomechanical and physiological 
factors, including approach speed, take-off velocity, and body alignment during the shot1 
influence the success of this shot. Understanding these variables is crucial for optimizing player 
performance and developing training programs that cater to individual player needs. However, 
the mechanics of lay-up shots may differ between male and female players due to differences 
in anthropometry, strength, and skill levels2. Previous research has extensively studied the 
mechanics of shooting in basketball, focusing on free throws, three-point shots, and lay-ups. 
Studies have highlighted the importance of approach speed and body control during lay-ups, 
noting that players who maintain a consistent approach speed tend to perform better3. In 
addition, the take-off velocity and release angle of the ball have been identified as critical 
factors in determining shot success4. Despite this, there remains a gap in the literature regarding 
the comparative analysis of male and female players during lay-up shots, particularly across 
different zones of the court. One area that warrants further investigation is the effect of court 
positioning on the mechanics of lay-up shots. Basketball players often take lay-ups from 
various angles and distances within the two-point field goal area, yet little research has explored 
how these changes in position affect kinematic variables5. Furthermore, gender-specific 
differences in lay-up shot mechanics have been underexplored, despite the known anatomical 
and physiological differences between male and female athletes6. This study aims to fill this 
gap by analyzing the kinematic and anthropometric variables associated with lay-up shots taken 
from different zones of the two-point field goal area. By comparing male and female players, 
this research seeks to identify key biomechanical differences that may impact shot performance 
and provide insights for designing gender-specific training programs. This research is 
significant because it addresses a key gap in basketball biomechanics and provides practical 
insights that can be applied to coaching and player development. By understanding how 
different variables affect lay-up performance, coaches can tailor training programs to address 
the specific needs of male and female players, ultimately improving their overall game 
performance. 

 

Methodology 

The study involved 30 national-level basketball players (15 male and 15 female), aged between 
16 and 21. The players were selected based on their performance at the national level, ensuring 
that all participants had significant experience with competitive basketball. GoPro Hero12 
Black was used to capture the kinematic data at 120 frames per second. Kinovea analyzed joint 
angles and velocities. BTS Podium Force plates measured the players' take-off velocities. 
Statistical software (SPSS) was used for data analysis, employing ANOVA to determine the 
significance of differences between zones and genders. ANOVA was used to compare the 
kinematic variables across different zones of the two-point field goal area for both male and 
female players. Post-hoc tests were conducted where necessary to further explore significant 
differences. Statistical significance was set at p < 0.05. 
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Results 

Kinematic and Anthropometric Data 

The study analyzed the anthropometric and kinematic variables of 30 national-level basketball 
players (15 male and 15 female). The results are summarized in Table 1. 

 

Table 1: Anthropometric and Kinematic Data of Players 

Variable Male (Mean ± SD) Female (Mean ± SD) 

Height (cm) 179.2 ± 4.6 165.0 ± 3.5 

Weight (kg) 70.5 ± 6.2 60.0 ± 5.3 

Approach Speed (m/s) 3.56 ± 0.54 3.07 ± 0.29* 

Take-off Velocity (m/s) 3.65 ± 0.39 3.15 ± 0.44* 

Ball Release Height (m) 2.79 ± 0.18 2.31 ± 0.14 

Horizontal Velocity (m/s) 2.78 ± 0.32 2.34 ± 0.40* 

Vertical Velocity (m/s) 1.55 ± 0.20 1.40 ± 0.18 

*Significant difference (p < 0.05) 

 

ANOVA Results for Kinematic Variables 

The analysis of variance (ANOVA) results for the kinematic variables are summarized in Table 
2.  

Table 2: ANOVA Results for Kinematic Variables 

Variable Sum of Squares df Mean Square F P Value 

Approach Speed 1.805 5 0.361 1.311 0.293 

Take-off Velocity 0.828 5 0.166 1.065 0.404 

Ball Release Speed 7.088 5 1.418 2.804 0.039* 

Horizontal Velocity 0.362 5 0.072 0.461 0.801 

Vertical Velocity 0.974 5 0.195 1.499 0.227 

*Significant difference at p < 0.05 

Post-Hoc Analysis 

Post-hoc analyses were conducted for variables that showed significant differences. In 
particular, the ball release speed demonstrated significant differences between male and 
female players (p < 0.05), indicating that male players generally achieved higher ball release 
speeds across the various zones. 
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Table 3: Post-Hoc Comparisons of Ball Release Speed 

Comparison Mean Difference Std. Error Sig. 

Male vs Female 0.419 0.145 0.013* 

*Significant difference at p < 0.05 

 

Discussion 

The study aimed to analyze the kinematic and anthropometric factors affecting lay-up shots in 
basketball, highlighting differences between male and female players.  

The anthropometric data confirmed that male players were generally taller and heavier than 
female players. These factors are critical as they provide a mechanical advantage in basketball, 
where height can influence the ability to shoot over defenders and reach the basket more 
effectively.  

The kinematic analysis revealed significant differences in approach speed and take-off velocity 
between genders. Female players had lower approach speeds and take-off velocities than male 
players, which could be attributed to physiological differences such as muscle mass and 
strength. This finding aligns with previous research indicating that male athletes often exhibit 
greater explosive power due to higher levels of muscle hypertrophy. 

Interestingly, although there were no significant differences in vertical velocity for both 
genders, the horizontal velocity was significantly different, with female players achieving 
lower velocities. This suggests that female players may rely more on technique and accuracy 
than on speed when executing lay-up shots. It highlights a potential area for training focus, 
suggesting that enhancing horizontal speed could lead to improved performance in lay-up shots 
for female players. 

The significant difference in ball release speed underscores the need for tailored training 
programs. Male players showed a higher mean ball release speed, likely due to their greater 
upper body strength and more effective shooting mechanics. Coaches should consider 
incorporating strength training and plyometric exercises into the training regimen for female 
players to enhance their shot speed and overall performance. 

The results have important implications for coaching strategies. Coaches should consider the 
physiological and biomechanical differences when developing training programs. For male 
players, emphasizing strength and power may yield positive results in shooting performance, 
while for female players, focusing on technique and speed enhancement could be more 
beneficial. 

 

Conclusion 

This study highlights significant gender differences in the biomechanics of lay-up shots in 
basketball. Male players demonstrated more consistent performance across different zones, 
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while female players exhibited variability in approach speed and horizontal velocity. These 
findings emphasize the need for gender-specific training interventions to address the distinct 
biomechanical needs of male and female athletes. Further research should focus on conducting 
longitudinal studies to evaluate the long-term effects of training interventions on kinematic 
variables in both male and female basketball players. Additionally, employing advanced 
biomechanical modeling techniques can help simulate lay-up shot mechanics for performance 
optimization. Investigating the correlation between kinematic variables and injury risk will aid 
in developing effective injury prevention strategies. Furthermore, assessing the effectiveness 
of various training protocols tailored to enhance strength, speed, and technique for both genders 
is essential. Lastly, expanding the research to include a more diverse range of athletes across 
different skill levels, age groups, and competitive backgrounds will validate the findings and 
enhance the applicability of the results. 
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