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Positional contrasts in key
techniques between men’s and
women's basketball at the
Olympic level

Yihong Zhang, Jie Wang® and Shi Tan

School of Athletic Performance, Shanghai University of Sport, Shanghai, China

This study aims to indentify the key techniques of role players at each position in
the Olympic basketball games, contrast the differences in key technique
performance between men’'s and women's basketball players at the different
positions, and explore the factors that lead to the differences in technique
performance. Comprehensive offensive and defensive technique data were
systematically recorded across 52 games during the 2024 Olympic Games.
CatBoost algorithm was subsequently implemented to identify key techniques
through feature importance analysis. Results showed that the key techniques
for men guards were 2PM, 3PM, AST, One-hand Pass, and BLK. The key
techniques for women guards were Two-hand Pass, AST, 2PM, 3PM, and
ORB. The key techniques for men forwards were Two-hand Pass, 2PM, FTM,
3PM and One-hand Pass. The key techniques for women forwards were 2PM,
DRB, Dribble penetration, Two-hand Pass, and One-hand Pass. The key
techniques for men'’s centers were defensive rebounds DRB, 2PM, One-Hand
Pass, AST, and 3PM. The key techniques for women centers were Two-hand
Pass, One-hand Pass, FTM, BLK, and DRB. This study suggests that basketball
coaches should design different training methods and competition strategies
for players in different positions.

KEYWORDS

basketball techniques, player positions, gender differences, ensemble learning, match
analysis

1 Introduction

The Olympic Games are the world only truly global and comprehensive games. The
number of spectators for the basketball games at the Paris 2024 Olympic Games reached
1,078,319, which set a record. Basketball has entered “the small-ball era,” where players’
positional roles are gradually blurred, and the best players often have flexible and diverse
offensive and defensive techniques. However, certain teams instruct their players to train
and play according to different positional roles, which results in a decline in their
competitiveness and a fall in rankings. In the era of big data, ensemble learning
methods can be used to identify the key techniques of players at each position on elite
teams. This identification is important for guiding players’ technique training and
improving the team technique performance.

Differences in positional roles affect the athletic ability of players (1). Research has
found that (2) the physical activity demands, and physical fitness requirements
different for basketball position. Professional guards, forwards, and centers exhibit
distinct variations in their physical performance capabilities. Gasperi et al. (3) collected
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technique statistics of players and mentioned that center and
guard players have different divisions of labor in offense and
defense. This finding suggests that the detailed division of labor
for players according to the traditional different positions leads
to difficulties in learning diverse techniques styles. Jeli¢i¢
M et al. (4) collected game data for guards, forwards, and
centers to examine performance differences among role players
at these three positions. Guards demonstrated higher assist rates,
while forwards showed performance levels between guards and
centers without any advantage. Centers held advantages in
blocks and two-point field goals. Another study (5) conducted a
differential analysis of performance indicators for players in
various positions during the 2017-18 ACB season. The results
revealed significant differences in players’ performance across
key indicators. Notably, interior players on winning teams
excelled in scoring, creating assists, and securing rebounds. In
this study (6), significant strengths and weaknesses are observed
in the technique performance of players in each position. The
traditional concept by player position can no longer meet the
development needs of the modern basketball game. In addition,
a significant difference exists between the technique
performance of men and women players (7). No significant
difference is detected between men and women soccer players in
the first half time, but men players have a significantly better
passing rate than women players in the second half time (8). In
terms of scoring efficiency, men outperform women and men
players master a greater variety of shots (9). Another study (10)
examined the impact of gender differences in shooting
performance on game scoring, revealing that men players
attempt more two-point shots and demonstrate superior scoring
efficiency compared to women players. Researchers collected
and evaluated anthropometric measurements from 239 men and
230 women basketball players in Tunisia. The study found that
(11) men players outperformed women players in physical
fitness and other aspects, with these differences becoming more
pronounced with increasing age. In women basketball games
(12), three-point shots play a minimal role in determining game
outcomes. Mid-range shots are the key factor for women players
to win games, but they are not a key indicator influencing men
basketball games. The above research indicates that positional
differences and gender differences influence players technical
performance and game outcomes. Therefore, quantitatively
studying men and women players at the different positions in
terms of their technique performance is important. Notably,
machine learning methods are better than traditional statistical
methods in sports analysis (13). CatBoost is an ensemble
learning algorithm involving prediction and feature extraction,
and it has been successfully applied in several fields such as
clinical medicine and computer science (14-16). Contrasted
with other mainstream machine learning methods (17), the
CatBoost model is optimal in identifying key players and
important features of NBA games, and its accuracy is 92%.
Meanwhile, the Catboost model can downsize the relevant
indicators into a few key indicators, which in turn simplifies the
complexity of the model (18). The study (19) employed k-NN,
LB, SVM, Random Forest, and CatBoost to predict outcomes of
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Greek league soccer matches. Results indicate that the CatBoost
model achieved the highest accuracy at 67.73%. To forecast
(20),
regression, CART, Random Forest, CatBoost, and XGBoost
models. By evaluating each accuracy and effectiveness of model

stadium attendance researchers constructed linear

across five indicators, CatBoost demonstrated high efficacy in
predicting game attendance. In the prediction task, the CatBoost
model predicts not only the number of goals scored by a team
but also the probability of winning, drawing, and losing (21).
Therefore, the CatBoost model has
predicting game results and extracting features.

strong capability in

In summary, players’ gender and positional differences affect
their technique performance in the game, and the CatBoost
model can accurately identify the team key techniques. However,
previous studies still exhibit certain limitations. They chose a
single offensive and defensive techniques, which causes difficulty
in fully revealing the technique performance that affects the
game. Therefore, the study focuses on the basketball tournament
at the 2024 Paris Olympics, collects data on the offensive and
defensive techniques of men and women basketball players at
different positions, and constructs a CatBoost model to achieve
the following objectives. The key offensive and defensive
techniques affecting the scoring of men and women guard,
forward, and center players are identified using the CatBoost
model.

1. The key offensive and defensive techniques that affect the
game scoring of men guards, forwards, and centers and
women guards, forwards, and centers are determined.

2. The differences in key offensive and defensive techniques
between men and women basketball players at the different
positions are contrasted.

3. The influencing factors that may lead to differences in key
offensive and defensive techniques between men and women
basketball players in the different positions are explored.

This study aims to provide a method for CatBoost modeling to
identify players’ key techniques. It provides a reference for the
training of offensive and defensive techniques of men and
women basketball players at three positions to help teams
increase their game scores.

2 Materials and methods
2.1 Sample

The study collected data on 13 offensive and defensive
techniques from the basketball games at the 2024 Paris
Olympics. Table 1 shows the 2024 Paris Olympics basketball
tournament comprises three competition phases: the group,
knockout, and final, featuring a total of 52 games. Both the
men and women tournaments consist of 26 games, with 12
teams competing in each division. The game data were
divided into six different datasets based on the different
positions of men and women basketball players. The data and
their videos were obtained from the official FIBA website and
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TABLE 1 Competition phases and teams for the 2024 Paris Olympic
basketball tournament.

| Gender _ Competition phases
Men 18

Group
Knockout 7
Final 1
Women Group 18
Knockout 7
Final 1

Table 1 shows the competition phase (Group, Knockout, and Final) and participating teams
for the men and women basketball games at the 2024 Paris Olympics.

the official website of the Olympic. Offensive Technique
Indicators: 2PM is the number of 2-point field goals made by
a player in a game. 3PM is the number of 3-point field goals
made by a player in a game. FTM is the number of free
throws made by a player in a game. ORB is the number of
times a player has successfully grabbed a rebound in front of
the basket in a game. Two-Hand Pass means a player flicks
the ball out with both hands while a teammate receives the
pass smoothly. One-Hand Pass indicates a player releases the
ball with one hand while a teammate receives the pass in a
smooth motion. Dribble penetration means a player uses
different dribbling styles to dribble breaks to the basket from
the outside to the inside to score or to make at least one
free throw after being fouled by opponent shot. Spot-up
dribble drive indicates when a player receives the ball, stands
still, uses a crossover step or different-side step to start
suddenly, and drives from the outside to the inside to
score directly breaks to the basket or make at least one free
throw Being fouled by opponent shot. Defensive technical
Indicators: DRB is the number of times a player successfully
grabbed a post rebound during the game. AST is the
number of times a player passed the ball to a teammate
during the game while the teammate scored directly after the
pass was recorded as an assist. STL is the number of times a
defensive player hit or slapped the ball from an offensive
player hand. BLK is the number of times a defensive player
touched the ball by slapping or hitting the ball while an
offensive player was shooting and successfully blocked the
opponent shot.

2.2 Reliability and validity of data

To ensure the reliability of data collection, this study employed
retest reliability and inter-observer reliability tests. Specifically, the
same observer randomly selected one man and one women game
for a second data collection 14 days after the initial collection of a
game data. The results of the two data collection sessions
underwent a Kappa consistency test. Results showed Cohen
kappa values were >0.96 for women games, and for men games
were >0.91, indicating high consistency in data collected by the
same observer at different time. Additionally, a national-level
basketball player was invited to participate in data collection.
First, both observers thoroughly discussed criteria and collection
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methods before independently gathering relevant data. Cohen
kappa coefficient was used to assess the consistency between the
data collection of two observers. Results showed that the Cohen
kappa value for women games were >0.91, and for men games
were >0.87, indicating high consistency in data collection
between the two observers. This provided reliable data support
for the research. The study was approved by the Academic
Committee of School of Athletic Performance of Shanghai
University of Sport.

2.3 Methods

2.3.1 Catboost algorithm

CatBoost was an ensemble learning algorithm for Gradient
Boosted Decision Trees with high robustness and fast prediction
speed. The models were constructed to find the relationship
between offensive and defensive techniques and the score of the
game; the input layer was the data of offensive and defensive
techniques, and the output layer was the score of the game. This
process was implemented in Python, and the main steps are
shown in Figure 1.

Fo) =Y " at-fikx)

An initial model was established using the target mean.
A decision tree was then constructed, the residuals of the
current model were calculated, and a new decision tree was
built to fit these residuals. This tree was added to the model to
reduce the error. Through repeated iterations, decision trees
were progressively added until a preset number of trees was
reached, or other stopping conditions were met. The initial
prediction value was set as the mean value of the score. At
each iteration, the difference between the current predicted
value and the actual score was calculated. The principle of the
symmetric decision tree was applied, selecting the optimal
splitting point based on the attack- and defense-technique
indicators. The model was updated with the new trees until a
preset number of iterations was reached. Bayesian
optimization was used to find the optimal hyper-parameter
combination. The model was evaluated with cross-validation
techniques, and its performance was then tested on a test set.
Eventually, the model automatically calculated the importance

of the features.

2.3.2 Feature importance

The CatBoost model automatically calculated the feature
importance of each attack and defense technique. The sum of
the importance values for all indicators was 100. These values
were then ranked in descending order; a larger value indicated a
greater contribution to the game score, and vice versa. As
reported in (22), selecting 40% of all features was considered a
reasonable approach, so the five most important indicators were
retained as the key attack and defense techniques in the
present study.
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FIGURE 1

Main steps in modeling. Figure 1 shows the main steps for constructing a Catboost model, including data collection, importing algorithm packages,
splitting the dataset, defining the Catboost model, Bayesian hyperparameter tuning, cross-validation, evaluating model performance on the test set,

Data collection

Cross-validation
to assess model
permance

Testing Model
with 20% data

Catboost
Algorithm

Bayesian hyper
parameter
Tuning

Feature
extraction

Training Model
with 80% data

Define Catboost
Model

and feature extraction.

3 Results

This section presents the key offensive and defensive
techniques of men and women guards, forwards, and centers
and their corresponding feature importance. The results of the
contrast between men and women basketball players at the
different positions in terms of key techniques are also presented.

3.1 Key techniques for men basketball
players at different positions

We identified the key offensive and defensive techniques that
affect the ability of men guards, forwards, and centers to score
game points. Table 2 shows the key techniques for men basketball
players at different positions. The results show that 2PM, 3PM,
AST, One-Hand Pass, and BLK are the key techniques for men
guards. Two-hand Pass, 2PM, FTM, 3PM, and One-hand Pass are
the key techniques affecting the scoring of men forwards. In
addition, key techniques for men centers are found in offense and
defense. These key techniques include DRB, 2PM, One-hand Pass,
AST, and 3PM. The key techniques for men forwards are mainly
on the offensive side of the ball, while those for men guards and
centers are primarily on the offensive and defensive sides of the ball.

3.2 Key techniques for women basketball
players at different positions

We identified the key offensive and defensive techniques that
affect the ability of women guards, forwards, and centers to score
in games. Table 3 shows the key techniques for women players at
different positions. The results show that Two-hand pass, AST,
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TABLE 2 Key techniques for men basketball players at different positions.

Positions Indicators Feature importance
Guard 2PM 15.48
3PM 15.18
AST 12.87
One-hand Pass 9.41
BLK 8.71
Forward Two-hand pass 38.59
2PM 10.16
FITM 8.07
3PM 7.31
One-hand pass 6.93
Center DRB 28.36
2PM 14.80
One-hand pass 14.71
AST 8.87
3PM 8.30

Table 2 shows that key technique indicators for identified men players in guard, forward,
and center positions, along with corresponding feature importance.

2PM, 3PM, and ORB are the key techniques affecting the
scoring of women guards. Key techniques for women centers
include 2PM, DRB, Dribble penetration, Two-hand Pass, and
One-hand Pass. Two-Hand Pass plays an important role in the
scoring of women centers. The other key techniques are One-
Hand Pass, FTM, BLK, and DRB.

3.3 Contrasting the key techniques of men
and women basketball players at different
positions

We contrasted key offensive and defensive techniques among

men and women basketball players across different positions and
further visualized the results using radar figures.
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Figure 2 shows the comparison of key offensive and defensive
techniques between men and women guard players. The 2PM for
men guards is 15.48, while the 2PM for women guards is 6.57.
Men guards have a 2PM feature importance 8.91 higher than
women guards. The 3PM for men guards is 15.18, while the
3PM for women guards is 6.16. Men guards have a 3PM feature
importance 9.02 higher than women guards. The AST for men
guards was 12.87, while for women guards it was 23.57,
indicating men guards had a 10.7 lower AST feature importance

TABLE 3 Key techniques for women basketball players at
different positions.
Positions Indicators Feature importance
Guard Two-hand pass 32.66
AST 23.57
2PM 6.57
3PM 6.16
ORB 5.85
Forward 2PM 23.89
DRB 16.16
Dribble penetration 16.11
Two-hand pass 8.88
One-hand pass 7.07
Center Two-hand pass 3343
One-hand pass 13.58
FTM 13.25
BLK 11.14
DRB 9.53

Table 3 shows that key technique indicators for identified men players in guard, forward,
and center positions, along with corresponding feature importance.

10.3389/fspor.2025.1657992

than women guards. The BLK for men guards is 8.71, while for
women guards it is 5.05. The feature importance of BLK for
men guards is 3.66 higher than for women guards. The Two-
hand Pass for men guards is 4.86, while for women guards it is
32.66. The feature importance of Two-hand Pass for men guards
is 27.80 lower than for women guards. The ORB for men
guards is 2.59, while the ORB for women guards is 5.85. The
feature importance of ORB for men guards is 3.26 lower than
that for women guards. Overall, men and women guard exhibit
differences in key techniques aspects at 2PM, 3PM, AST, BLK,
Two-hand Pass, and ORB.

Figure 3 shows the results of contrasting the key offensive and
defensive techniques of men and women forward players. The
Two-hand Pass for men forwards is 38.59, while for women
forwards it is 8.88. The Two-hand Pass feature importance is
significantly more important for men forwards than women
forwards by as much as 29.71. The 2PM for men forwards is
10.16, while for women forwards it is 23.89. The 2PM feature
importance is less important for men forwards than female
forwards by 13.73. The One-hand Pass for men forwards is 6.93,
while for women forwards it is 7.07, indicating men forwards
have a 0.14 lower significance for the One-hand Pass feature
importance. The FTM for men forwards is 8.07, while for
women forwards it is 2.22. The feature importance of FTM for
men forwards is 5.85 higher than that for women forwards. The
3PM for men forwards is 7.31, while for women forwards it is
4.56. The feature importance of 3PM for men forwards is 2.75
higher than that for women forwards. The DRB for men
forwards is 3.77, while for women forwards it is 16.16. The

35337
Two-hand Pass

FIGURE 2

guard position.

Differences of key techniques for guard position. Figure 2 shows the contrast results of key technique indicators between men and women players in

One-hand Pass

Frontiers in Sports and Active Living

05 frontiersin.org



Zhang et al. 10.3389/fspor.2025.1657992
|MEN
Two-hand Pass DW()MEN
40,
38
33
33
39
Dribble penetration 28 25
DRB
One-hand Pass
FIGURE 3
Differences of key techniques for forward position. Figure 3 shows the contrast results of key technique indicators between men and women players
in forward position.

feature importance of DRB for men forwards is 12.39 lower than
that for women forwards. The Dribble penetration for men
forwards is 2.68, while for women forwards it is 16.11. The
feature importance of Dribble penetration for men forwards is
13.6 lower than that for women forwards. Overall, men and
women forward exhibit differences in key techniques aspects at
Two-hand Pass, 2PM, One-hand Pass, FTM, 3PM, DRB, and
Dribble penetration.

Figure 4 shows the results of contrasting the key offensive and
defensive techniques of men and women center players. The DRB
for men centers is 28.36, while that for women centers is 13.58.
The men center DRB has a feature significance 14.78 higher
than the women center. The One-hand Pass for men centers is
14.71, while for women centers it is 13.58, indicating men
centers have a 1.13 lower One-hand Pass feature importance
than women centers. The 2PM for men centers is 14.80, while
the 2PM for women centers is 9.42. The feature importance of
2PM for men centers is 5.38 higher than that for women
centers. The AST for men centers is 8.87, while the AST for
women centers is 0.00. The feature importance of AST for men
centers is 8.87 higher than that for women centers. The 3PM for
men centers is 8.30, while the 3PM for women centers is 1.39.
The feature importance of 3PM for men centers is 6.91 lower
than that for women centers. The FTM for men centers is 2.38,
is 13.25. The feature
importance of FTM for men centers is 10.87 lower than that for

while the FTM for women centers
women centers. The BLK for men centers is 4.88, while the BLK

for women centers is 11.14. The feature importance of BLK for
men centers is 6.26 lower than that for women centers. Overall,
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men and women center exhibit differences in key techniques
aspects of DRB One-hand Pass, 2PM, AST, 3PM, FTM, and BLK.

4 Discussion

This study aimed to use the CatBoost model for identifying
key offensive and defensive techniques that affect game scoring
for men and women basketball players at different positions.
The differences in key offensive and defensive techniques
between men and women basketball players at the different
position were also contrasted. The study found: men and
women guards exhibit differences in key techniques aspects at
2PM, 3PM, exhibit
differences in key techniques aspects at Two-hand Pass, 2PM,

and AST. Men and women forward

and One-hand Pass. Men and women centers exhibit differences
in key techniques aspects of DRB and One-hand Pass.

The types of shoots of men guards are not only diverse but also
exhibit higher shooting percentages (23). In terms of 2PM and 3PM,
men guards demonstrate a more pronounced advantage than
women guards. This aligns with the perspective of the study (24),
which suggests guards positively contribute to game outcomes
through higher 2PM and 3PM. This may be linked to home-court
advantage, where home-team guards exhibit more aggressive play
(25). The study also noted that NBA men guards focus more on
ORB, though this results.  Such
discrepancies may stem from rule differences affecting player

finding contradicts our

performance (26). The FIBA rules used in the Olympics do not

include a defensive three-second rule, whereas NBA rules
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FIGURE 4

center position.

Differences of key techniques for center position. Figure 4 shows the contrast results of key technique indicators between men and women players in

315 18 20 23 25 28 30
———— One-hand Pass

explicitly enforce it, making it more difficult for interior players to
secure offensive rebounds in the paint. Men guards demonstrate
superior three-point shooting ability compared to women guards,
consistent with the findings of this study (27). The three-point
line is 6.75m from the basket. Women players possess weaker
muscular strength and struggle to sustain prolonged physical
exertion against fatigue (28), potentially leading to a gradual
decline in their three-point shooting accuracy during extended
games. Men guards demonstrate superior shot-blocking ability
compared to women guards, likely due to differences in physical
fitness indicators and certain anthropometric indicators between
men and women players (29). However, women guards hold a
significant advantage in agility and speed (30), which may explain
their greater ability to secure offensive rebounds and increase
team scoring compared to their men counterparts. Additionally,
women guards outperform men guards in assists. This could be
attributed to the higher intensity of Olympic competition,
where women guards often assume more orchestrating roles
on offense (31).

During the free-throw phase, players may be affected by
external distractions, which can impact their
(32). This indicate that
demonstrate greater psychological resilience when coping with

free-throw

performance may men players
distractions (33). Top level teams often convert defensive
rebounds directly into points. Women forwards outperform men
forwards in defensive rebounding, exhibiting exceptional agility.
Men forwards poorer performance may stem from frequent
possession changes during games increasing players’ physiological

demands and fatigue (34), thereby reducing efficiency in
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contesting defensive rebounds. Women forwards possess two-
point shooting capabilities and enabling consistent execution of
two-point shooting techniques (35). Women forwards contribute
more two-point scoring to games than men forwards. This
difference may stem from men forwards covering greater
distances at high speeds and engaging in multiple off-ball
movement tactics (36), where accumulated fatigue impacts two-
point conversion rates. Additionally, the slightly superior three-
point shooting ability of men forwards compared to women
forwards stems from biological differences. Specifically, female
forwards struggle to maintain efficient three-point shooting in
high-intensity games (37).

Men centers secure more defensive rebounds than for women
centers, positively impacting team scoring (38). This may stem
from men centers superior lateral jumping and speed capabilities
(39). Women centers contribute less to game scoring through
defensive rebounding, likely due to cumulative neuromuscular
strain from higher per-minute contact and jumping actions (40),
leading to reduced jumping frequency and efficiency. Conversely,
women centers excel at assists, typically serving as playmakers for
teammates while lacking individual scoring options (41). Research
on basketball talent identification indicates that (42) creating
scoring opportunities and individual offensive capabilities are key
indicators for evaluating a player cross-position role. Therefore,
men centers should enhance their playmaking abilities and
skills to further
capabilities. Women centers should further develop and enhance

defensive reading strengthen their assist

their individual offensive capabilities. This disparity may stem
from a significant correlation between game performance and

frontiersin.org
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physical demands in men centers (43), leading to cumulative
fatigue. women centers contribute more to the game through free
throw accuracy than men centers, which contradicts the findings
of this study (44). This discrepancy may stem from men centers
enduring sustained high-intensity activity during games, where
increased internal load likely contributes to lower free throw
rates (45, 46). Additionally,
demonstrate superior assist capabilities compared to their men

conversion women  centers
counterparts. Assists are decisive in determining game outcomes
and represent a key winning indicator for both strong and weak
teams at high levels of basketball competition (47). Very few
studies have examined the differences in assist capabilities
between men and women forwards, yet this is significant in the
small-ball era.

In addition, a significant difference exists in the types of passes
made by men and women basketball players, which is consistent
with the results in (48). Players choose different types of passes
when facing defenses of different intensities. One-handed
passing can be more appropriate when defending against a
pressing defense, and two-handed passing is suitable when
defending against a less pressing game. However, no
comparisons have been found between men and women
basketball players in the different positional roles in terms of
two- and one-handed passing. This result may be due to the
more cumbersome statistical process of passing technique.
Dribble penetration with the ball is an important offensive
technique, but fewer studies have been conducted on it. The
greater dribbling breakthrough ability of women forwards may
be due to that the external load of their in the game is generally
smaller than that of men forwards, which implies that they are
subjected to relatively small external loads and can distribute
their physical energy more efficiently to maintain a good
breakthrough efficiency. Meanwhile, men forwards have weaker
dribbling control ability, and their taller height leads to higher
center of gravity when dribbling. As a result, they have difficulty
scoring through direct breakthrough technique. If fouled during
while shooting, then they can obtain free throw opportunities.
Center players have higher passing stability. In the small-ball
era, center players are required to share the offensive task or
even serve as the core of the tactics. The use of different passing
methods can enable them to effectively coordinate with
teammates and achieve the tactical purpose.

The study selected only 13 offensive and defensive technique
indicators. This limited number of indicators may overlook
players’ performance in certain techniques aspects. Future
researchers should categorize fundamental indicators based on
types of techniques. For instance, types of shots can be
categorized as jump shot, layup, dunk, putback tip-in, alley-oop,
and other types. Expanding the dataset by increasing the number
help detailed

performances in both offensive and defensive play. Although the

of technique indicators will capture more
algorithm we selected is more advanced, heterogeneity may exist
in the results obtained using different algorithms when faced with
the different dataset. In addition, the presence of covariates
outside of game time (e.g., player sleep, travel distance, stadium

conditions, and climate temperature) may have a potential impact
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on the technique performance of players during the game.
Obtaining data on indicators was beyond the scope of this study.
Therefore, we did not need to control for their impact on this study.

Future research could focus on basketball technique types to
identify additional offensive and defensive indicators. By
collecting extensive data on these indicators, the dataset can be
expanded to more accurately determine players” key techniques.
At the same time, the effects of other covariates on the
technique performance of men and women in different
positional roles were considered. On this basis, the reliability of
the data and the accuracy of the findings will be further improved.

5 Conclusion

This study employed the CatBoost model to identify key
offensive and defensive techniques for men and women
basketball different This study
contrasted technique performance across differences positions

players across positions.
and genders, examining the factors contributing to these
differences. The results showed that differences existed in key
technique performance between men and women guards,
forwards, and centers. This study provides a feasible research
method for the field of basketball game analysis. It also provides
a reference for the technique training of players with different
positional roles and the enhancement of the team overall

strength in the small-ball era.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The study was approved by the Academic Committee of
School of Athletic Performance of Shanghai University of Sport.
The data for the study were collected on the basis of publicly
available videos.

Author contributions

YZ: Methodology, Writing - original draft, Data curation,
JW:  Writing -
Conceptualization, Funding acquisition. ST: Data curation,

Visualization. review &  editing,

Writing - review & editing.

Funding

The author(s) declare that financial support was received for
the research and/or publication of this article. This study was
supported by the National Key R&D Program of China (NO.

frontiersin.org



Zhang et al.

2023YFC3305804), the Shanghai Key Lab of Human Performance
(Shanghai University of Sport, NO. 11DZ2261100), and the
Shanghai Education Research Task (NO. C2021136).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

References

1. Abdelkrim NB, Chaouachi A, Chamari K, Chtara M, Castagna C. Positional role
and competitive-level differences in elite-level men basketball players. J Strength Cond
Res. (2010) 24(5):1346-55. doi: 10.1519/JSC.0b013e3181cf7510

2. Koklii Y, Alemdaroglu U, Kogak FU, Erol AE, Findikoglu G. Comparison of
chosen physical fitness characteristics of Turkish professional basketball players by
division and playing position. ] Hum Kinet. (2011) 30:99. doi: 10.2478/v10078-011-
0077-y

3. Gasperi L, Conte D, Leicht A, Gémez-Ruano M-A. Game related statistics
discriminate national and foreign players according to playing position and team
ability in the women basketball euroleague. Int J Environ Res Public Health. (2020)
17(15):5507. doi: 10.3390/ijerph17155507

4. Jeli¢i¢ M, Trnini¢ M, Jelaska I. Differences between three types of basketball
players on the basis of situation-related efficiency. Acta Kinesiol. (2010) 1:82-9.

5. Escudero-Tena A, Rodriguez-Galdn V, Garcia-Rubio J, Ibanez SJ. Influence of
the specific position on the final result of the match in professional basketball. Rev
Psicol Deporte. (2021) 30(3):19-24. Available online at: http://hdl.handle.net/10662/
21758

6.Yi Q, Jia H, Liu H, Gémez MA. Technical demands of different playing positions
in the UEFA champions league. Int ] Perform Anal Sport. (2018) 18(6):926-37.
doi: 10.1080/24748668.2018.1528524

7. Althoff K, Kroiher J, Hennig EM. A soccer game analysis of two world cups:
playing behavior between elite female and male soccer players. Footwear Sci. (2010)
2(1):51-6. doi: 10.1080/19424281003685686

8. Bradley PS, Dellal A, Mohr M, Castellano ], Wilkie A. Gender differences in match
performance characteristics of soccer players competing in the UEFA champions
league. Hum Mov Sci. (2014) 33:159-71. doi: 10.1016/j.humov.2013.07.024

9. Valatkevi¢ius M. Basketball Shot Typologies in men and Women Euroleague
Games. Kaunas: Lietuvos Sporto Universitetas (2021).

10. Madarame H. Age and sex differences in shot distribution and accuracy in
international 3x3 basketball tournaments. Montenegrin ] Sports Sci Med. (2023)
12(1):11-6. doi: 10.26773/mjssm.230302

11. Aouichaoui C, Tounsi M, Racil G, Tabka O, Zaouali M, Bragazzi NL, et al. Age-
and gender-specific reference values for physical performance in Tunisian youth
basketball players. Children. (2024) 11(11):1346. doi: 10.3390/children11111346

12. Madarame H. Age and sex differences in game-related statistics which
discriminate winners from losers in elite basketball games. Motriz. (2018) 24(01):
€1018153. doi: 10.1590/S1980-6574201800010001

13. Lampis T, Ioannis N, Vasilios V, Stavrianna D. Predictions of European
basketball match results with machine learning algorithms. J Sports Anal. (2023)
9(2):171-90. doi: 10.3233/JSA-220639

14. Fan Z, Gou J, Weng S. A feature importance-based multi-layer catboost for
student performance prediction. IEEE Trans Knowledge Data Eng. (2024)
36:5495-507. doi: 10.1109/TKDE.2024.3393472

15. Li Z, Zhang Y. Predicting outcome of NBA games using long short-term
memory network. ] Comp Appl. (2021) 41(S2):98-102.

16. Geeitha S, Ravishankar K, Cho J, Easwaramoorthy SV. Integrating cat boost
algorithm with triangulating feature importance to predict survival outcome in

Frontiers in Sports and Active Living

10.3389/fspor.2025.1657992

Any alternative text (alt text) provided alongside figures
in this article has been generated by Frontiers with the
support of artificial intelligence and reasonable efforts have
been made to ensure accuracy, including review by the
authors wherever possible. If you identify any issues, please
contact us.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

recurrent cervical cancer. Sci Rep. (2024) 14(1):19828. doi: 10.1038/s41598-024-
67562-0

17. Marques AS. Andlise de Atributos e Previsio de Desempenho de Jogadores Novatos na
NBA Utilizando Métodos de Boosting. Jodo Pessoa: Universidade Federal da Paraiba (2023).

18. Lv X, Gu D, Liu X, Dong J, Li Y. Momentum prediction models of tennis match
based on CatBoost regression and random forest algorithms. Sci Rep. (2024)
14(1):18834. doi: 10.1038/s41598-024-69876-5

19. Berrar D, Lopes P, Dubitzky W. A data-and knowledge-driven framework for
developing machine learning models to predict soccer match outcomes. Mach
Learn. (2024) 113(10):8165-204. doi: 10.1007/s10994-024-06625-9

20. Yu P, Fengchen W. Forecasting Stadium Attendance Using Machine Learning
Models: A Case of the National Football League. Brno: Masarykova univerzita
nakladatelstvi (2024). doi: 10.5817/5t52024-2-12

21. Yeung C, Bunker R, Umemoto R, Fujii K. Evaluating soccer match prediction
models: a deep learning approach and feature optimization for gradient-boosted trees.
Mach Learn. (2024) 113(10):7541-64. doi: 10.1007/s10994-024-06608-w

22. Bolon-Canedo V, Sinchez-Maroiio N, Alonso-Betanzos A. A review of feature
selection methods on synthetic data. Knowl Inf Syst. (2013) 34:483-519. doi: 10.1007/
s10115-012-0487-8

23. Madarame H. Regional differences in women basketball: a comparison among
continental championships. Sports. (2018) 6(3):65. doi: 10.3390/sports6030065

24. Choi D-H, Kim S-M, Lee J-W, Suh S-H, So W-Y. Winning factors: how players’
positional offensive and defensive skills affect probability of victory in the Korea
basketball league. Int J Sports Sci Coach. (2015) 10(2-3):453-9. doi: 10.1260/1747-
9541.10.2-3.453

25. Sampaio J, Ibafiez Godoy SJ, Gémez Ruano MA, Lorenzo Calvo A, Ortega Toro
E. Game location influences basketball players performance across playing positions.
Int ] Sport Psychol. (2008) 39(3):43-50.

26. Delextrat A, Martinez A. Small-sided game training improves aerobic capacity
and technical skills in basketball players. Int J Sports Med. (2014) 35(05):385-91.
doi: 10.1055/s-0033-1349107

27. Garcia-Gil M, Torres-Unda J, Esain I, Dufabeitia I, Gil SM, Gil J, et al.
Anthropometric parameters, age, and agility as performance predictors in elite
female basketball players. J Strength Cond Res. (2018) 32(6):1723-30. doi: 10.1519/
JSC.0000000000002043

28.Yi Q, Zhang S, Fang W, Gémez-Ruano M-A. Modeling the keys to team success
in the women Chinese basketball association. Front Psychol. (2021) 12:671860.
doi: 10.3389/fpsyg.2021.671860

29. Drinkwater EJ, Hopkins WG, McKenna M]J, Hunt PH, Pyne DB. Modelling age
and secular differences in fitness between basketball players. J Sports Sci. (2007)
25(8):869-78. doi: 10.1080/02640410600907870

30. Delextrat A, Cohen D. Strength, power, speed, and agility of women basketball
players according to playing position. J Strength Cond Res. (2009) 23(7):1974-81.
doi: 10.1519/JSC.0b013e3181b86a7e

31. Zhai Z, Guo Y, Zhang S, Li Y, Liu H. Explaining positional differences of
performance profiles for the elite female basketball players. Front Psychol. (2021)
11:558750. doi: 10.3389/fpsyg.2020.558750

frontiersin.org


https://doi.org/10.1519/JSC.0b013e3181cf7510
https://doi.org/10.2478/v10078-011-0077-y
https://doi.org/10.2478/v10078-011-0077-y
https://doi.org/10.3390/ijerph17155507
http://hdl.handle.net/10662/21758
http://hdl.handle.net/10662/21758
https://doi.org/10.1080/24748668.2018.1528524
https://doi.org/10.1080/19424281003685686
https://doi.org/10.1016/j.humov.2013.07.024
https://doi.org/10.26773/mjssm.230302
https://doi.org/10.3390/children11111346
https://doi.org/10.1590/S1980-6574201800010001
https://doi.org/10.3233/JSA-220639
https://doi.org/10.1109/TKDE.2024.3393472
https://doi.org/10.1038/s41598-024-67562-0
https://doi.org/10.1038/s41598-024-67562-0
https://doi.org/10.1038/s41598-024-69876-5
https://doi.org/10.1007/s10994-024-06625-9
https://doi.org/10.5817/StS2024-2-12
https://doi.org/10.1007/s10994-024-06608-w
https://doi.org/10.1007/s10115-012-0487-8
https://doi.org/10.1007/s10115-012-0487-8
https://doi.org/10.3390/sports6030065
https://doi.org/10.1260/1747-9541.10.2-3.453
https://doi.org/10.1260/1747-9541.10.2-3.453
https://doi.org/10.1055/s-0033-1349107
https://doi.org/10.1519/JSC.0000000000002043
https://doi.org/10.1519/JSC.0000000000002043
https://doi.org/10.3389/fpsyg.2021.671860
https://doi.org/10.1080/02640410600907870
https://doi.org/10.1519/JSC.0b013e3181b86a7e
https://doi.org/10.3389/fpsyg.2020.558750

Zhang et al.

32. Wolch NJ. The Effect of a Brief Mindfulness Intervention on Free-Throw
Shooting Performance Under Pressure. Bellingham, WA: Western Washington
University (2019).

33. Newland A, Newton M, Finch L, Harbke CR, Podlog L. Moderating variables in
the relationship between mental toughness and performance in basketball. J Sport
Health Sci. (2013) 2(3):184-92. doi: 10.1016/j.jshs.2012.09.002

34. Espasa-Labrador J, Martinez-Rubio C, Oliva-Lozano JM, Calleja-Gonzélez J,
Carrasco-Marginet M, Fort-Vanmeerhaeghe A. Relationship between physical
demands and player performance in professional female basketball players using
inertial movement units. Sensors. (2024) 24(19):6365. doi: 10.3390/s24196365

35. Paulauskas R, Masiulis N, Vaquera A, Figueira B, Sampaio J. Basketball
game-related statistics that discriminate between European players competing in
the NBA and in the euroleague. ] Hum Kinet. (2018) 65:225. doi: 10.2478/
hukin-2018-0030

36. Martinho DV, Clemente FM, Angel-Gomez M, Rebelo A, Field A, Santos CC,
et al. Physical, physiological, technical and tactical responses according to the playing
position in male basketball: a systematic scoping review. ] Hum Kinet. (2025) 96(Spec
Issue):5. doi: 10.5114/jhk/203326

37. Cabarkapa D, Fry A, Deane M. Differences in kinematic characteristics between
2-point and 3-point basketball shooting motions-a case study. ] Ad Sport Phys Edu.
(2021) 4:19-23. doi: 10.36348/jaspe.2021.v04i03.001

38. Ouyang Y, Li X, Zhou W, Hong W, Zheng W, Qi F, et al. Integration of
machine learning XGBoost and SHAP models for NBA game outcome prediction
and quantitative analysis methodology. PLoS One. (2024) 19(7):¢0307478. doi: 10.
1371/journal.pone.0307478

39. Cengizel E, Cengizel CO. Comparison of physical and motoric characteristics by
playing positions in basketball. Gaziantep Univ Spor Bilimleri Dergisi. (2022)
7(4):375-84. doi: 10.31680/gaunjss.1173282

Frontiers in Sports and Active Living

10

10.3389/fspor.2025.1657992

40. Reina Roman M, Garcia-Rubio J, Feu S, Ibafez SJ. Training and competition
load monitoring and analysis of women amateur basketball by playing position:
approach study. Front Psychol. (2019) 9:2689. doi: 10.3389/fpsyg.2018.02689

41. Trnini¢ S, Dizdar D. System of the performance evaluation criteria weighted per
positions in the basketball game. Coll Antropol. (2000) 24(1):217-34.

42. Trnini¢ S, Dizdar D, Dezman B. Empirical verification of the weighted system of
criteria for the elite basketball players quality evaluation. Coll Antropol. (2000)
24(2):443-65.

43. Espasa-Labrador J, Martinez-Rubio C, Garcia F, Fort-Vanmeergaehe A, Guarch
], Calleja-Gonzélez J. Exploring the relationship between game performance and
physical demands in youth male basketball players. ] Functional Morphol Kinesiol.
(2025) 10(3):293. doi: 10.3390/jfmk10030293

44. M4 G, Pérez ], Molik B, Szyman RJ, Sampaio J. Performance analysis of elite
men and women wheelchair basketball teams. J Sports Sci. (2014) 32(11):1066-75.
doi: 10.1080/02640414.2013.879334

45. Abdelkrim NB, Castagna C, El Fazaa S, El Ati J. The effect of players’ standard
and tactical strategy on game demands in men basketball. J Strength Cond Res. (2010)
24(10):2652-62. doi: 10.1519/JSC.0b013e3181e2e0a3

46. Torres-Ronda L, Ric A, Llabres-Torres I, de Las Heras B, i del Alcazar XS.
Position-dependent cardiovascular response and time-motion analysis during
training drills and friendly matches in elite male basketball players. J Strength Cond
Res. (2016) 30(1):60-70. doi: 10.1519/JSC.0000000000001043

47. Sampaio J, Janeira M, Ibdfiez S, Lorenzo A. Discriminant analysis of game-related
statistics between basketball guards, forwards and centres in three professional leagues.
Eur J Sport Sci. (2006) 6(3):173-8. doi: 10.1080/17461390600676200

48. Theoharopoulos A, Laparidis KK, Galazoulas C, Tsitskaris G. A comparative
study relating pass between male and female basketball players. ] Phys Ed Sport.
(2010) 26(1):44-50.

frontiersin.org


https://doi.org/10.1016/j.jshs.2012.09.002
https://doi.org/10.3390/s24196365
https://doi.org/10.2478/hukin-2018-0030
https://doi.org/10.2478/hukin-2018-0030
https://doi.org/10.5114/jhk/203326
https://doi.org/10.36348/jaspe.2021.v04i03.001
https://doi.org/10.1371/journal.pone.0307478
https://doi.org/10.1371/journal.pone.0307478
https://doi.org/10.31680/gaunjss.1173282
https://doi.org/10.3389/fpsyg.2018.02689
https://doi.org/10.3390/jfmk10030293
https://doi.org/10.1080/02640414.2013.879334
https://doi.org/10.1519/JSC.0b013e3181e2e0a3
https://doi.org/10.1519/JSC.0000000000001043
https://doi.org/10.1080/17461390600676200

	Positional contrasts in key techniques between men's and women's basketball at the Olympic level
	Introduction
	Materials and methods
	Sample
	Reliability and validity of data
	Methods
	Catboost algorithm
	Feature importance


	Results
	Key techniques for men basketball players at different positions
	Key techniques for women basketball players at different positions
	Contrasting the key techniques of men and women basketball players at different positions

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


