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Abstract 
Although differences between training and competitive contexts 
in table tennis are widely recognized, empirical evidence quanti-
fying these differences remains limited. This study compared the 
technical-tactical characteristics of 40 training matches and 40 in-
ternational competitions among Chinese National Youth Team 
U15 female players to provide evidence for training optimization. 
A mixed-method approach combining heat map visualization and 
Generalized Estimating Equations (GEE) was used to examine 
contextual differences and identify key factors associated with 
match-winning probability. Results showed that training and in-
ternational matches exhibited similar individual technical-tactical 
indicators but differed substantially in placement-technique com-
binations and the influence of stroke sequences on winning prob-
ability. Training matches emphasized control of short areas, 
whereas international competitions showed greater use of back-
hand long-area attacks to initiate offensive play. In addition, early 
strokes were more influential in training matches, while later 
strokes played a greater role in international competitions. These 
findings indicate that current training matches may not fully rep-
licate international competitive demands. Training should there-
fore enhance rally-transition tactics, offensive initiation, and 
competitive simulation to improve transferability to international 
competition. 
 
Key words: Table tennis, training match, international competi-
tions, technical and tactical analysis. 

 
 
Introduction 
 
The ultimate goal of sports training is to enhance competi-
tive performance and achieve success in official competi-
tions (Smith, 2003). Lames (2023) further asserts that suc-
cess in competition is the ultimate criterion for every action 
taken in training. Therefore, systematically comparing 
technical and tactical execution between training and com-
petition contexts is crucial for evaluating training effective-
ness, identifying gaps between training and actual perfor-
mance, and optimizing long-term player development. 

Technical and tactical behavior is central to table 
tennis performance (Tang, 2009). Traditional match analy-
sis has relied heavily on coaches’ experiential judgments, 
which are often limited by real-time observation capacity 
and subject to bias. To overcome these limitations, objec-
tive data-driven methods have gained increasing attention 
(Zhang, 2004; Djokic et al., 2016). 

Early quantitative research in table tennis was 
strongly influenced by the three-phase evaluation method 
proposed by Wu et al. (1988), which divides rallies into 
attack after service, attack after receiving, and stalemate 

phases, and evaluates performance using scoring rate and 
usage rate. This framework laid the methodological foun-
dation for subsequent research and has been widely applied 
in Chinese table tennis studies (Xu et al., 2014; Zhang and 
Yang, 2016; Xu, 2019). Follow-up studies have further re-
fined phase-based models, including the four-phase, dou-
ble three-phase, and dynamic three-phase methods (Yang 
and Zhang, 2014; Xiao et al., 2018; Zhang et al., 2018), 
thereby improving the precision of technical-tactical iden-
tification, especially for transitional shots such as the fifth 
stroke (Wu et al., 2014; Xu et al., 2019). Although these 
phase-based models effectively describe player perfor-
mance across different rally stages, they treat each stage 
independently and fail to reveal the differential effects of 
stroke sequences-a key limitation that the present study ad-
dresses through stroke-by-stroke analysis. 

With advances in data collection and computing 
technology, table tennis research has gradually shifted 
from descriptive statistics to modeling competitive perfor-
mance. Zhang et al., (2013; 2015) proposed a technique ef-
fectiveness evaluation method by integrating scoring rate 
and usage rate. Tamaki et al. (2017) further extended this 
approach by incorporating shot number, scoring rate, and 
losing rate to develop an effectiveness algorithm for eval-
uating stroke performance. Based on these developments, 
Zhou and Zhang (2022) proposed a tactical benefit algo-
rithm that combines tactical frequency and scoring rate to 
quantify the benefits of different tactical combinations and 
evaluate their relative effectiveness in table tennis matches. 
These algorithms provide a quantitative assessment of 
stroke effectiveness but do not capture the structural rela-
tionships among multiple techniques and match outcomes. 
Multivariate studies have filled this gap by applying meth-
ods such as multiple regression, BP neural networks, and 
path analysis to identify key technical indicators influenc-
ing match results and to establish nonlinear and mediating 
pathway models (Yang and Zhang, 2016; Zhou and Zhang, 
2023). These approaches demonstrate that elite perfor-
mance arises not from isolated actions but from complex 
interdependencies, highlighting the importance of con-
structing interaction-based structural models in perfor-
mance analysis. 

Stochastic modeling approaches have also contrib-
uted to theoretical advancements in racket sports analysis. 
The Markov chain model, first introduced to tennis by 
Lames (1991), was subsequently adapted to table tennis to 
evaluate the contribution of different match actions to com-
petitive outcomes (Zhang and Hohmann, 2004; 2005; 
Pfeiffer et al., 2010). Later refinements by Wenninger and 
Lames (2016) improved model structure and estimation 
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methods, while recent work further explored differences in 
offensive priority and tactical decision-making between 
male and female players (Rothe et al., 2025). These ap-
proaches provide a probabilistic framework for under-
standing performance dynamics in match play. However, 
they only offer indirect inference of action importance via 
simulation, rather than directly estimating the marginal 
contribution of each stroke to winning probability. In con-
trast, the present study directly estimates the actual effects 
of each stroke and technique, without relying on hypothet-
ical simulation assumptions. 

A systematic review by Fuchs et al. (2018) synthe-
sizes the above methodological advances and highlights an 
important distinction: theoretical match analysis aims to 
explain the structural logic of performance, whereas ap-
plied match analysis aims to guide coaching practice. This 
distinction underscores that research should not only iden-
tify performance patterns but also examine whether train-
ing environments replicate the structural demands of com-
petition. 

Despite these methodological advances, compara-
tive analyses between training and competition have fo-
cused primarily on physiological and load-related varia-
bles, with limited attention given to technical-tactical per-
formance structures. Studies on rugby, soccer, volleyball, 
and handball consistently show that training fails to repli-
cate the intensity, emotional arousal, and tactical pressure 
of official competitions (Gabbett, 2004; Owen et al., 2017; 
Altundag et al., 2022; Nikolovski et al., 2023). In racket 
sports, Murphy et al. (2016) demonstrated that both tech-
nical density and psychological demands are lower in train-
ing and simulated matches than in official events. How-
ever, comparative evidence based on technical-tactical per-
formance indicators, especially for elite youth table tennis 
players, remains scarce. No study has systematically com-
pared training matches with international competitions in 
terms of technical-tactical usage. 

In summary, previous studies have substantially ad-
vanced table tennis performance analysis through phase-
based evaluation, effectiveness modeling, regression anal-
ysis, BP neural networks, and Markov chain methods. 
However, many of these approaches share a methodologi-
cal limitation: they often treat multiple matches from the 
same player as independent observations, overlooking the 
repeated-measures structure of the data. This practice may 
lead to underestimated standard errors and inflated Type I  
error rates. To address this issue, the present study applies 
generalized estimating equations (GEE), which account for 
within-subject correlations and provide more robust statis-
tical inferences. 

More importantly, comparative research examining 
technical-tactical structures between training and competi-
tion remains limited. It is still unclear whether the patterns 
observed in training matches accurately represent those en-
countered in international competitions. Addressing this 
gap is essential for evaluating the competition specificity 
of current training practices. Therefore, this study system-
atically compares the technical-tactical characteristics of 
elite youth table tennis players across training and interna-
tional competition contexts. We hypothesize that signifi-

cant  differences  exist  in  both  key indicators and perfor-
mance structures, revealing potential limitations in current 
training design. 
 
Methods 
 
Match Sample 
This study selected 80 matches involving five elite U15 fe-
male players from the Chinese National Youth Team in 
2024 as the sample, including 40 training matches (20 
wins, 20 losses) and 40 international competitions (20 
wins, 20 losses). They were ranked 2nd, 3rd, 4th, 9th, and 
25th, respectively, in the ITTF U15 Girls' World Rankings 
on June 4, 2024. 

The mean age, height, and body weight of the five 
female players were 14.56 ± 0.62 years, 162.6 ± 0.05 cm, 
and 56.8 ± 6.69 kg, respectively. All players adopted a 
shakehand offensive playing style, with four being right-
handed and one left-handed (the players’ stroke techniques 
and ball placement were recorded according to forehand 
and backhand strokes; therefore, data from right- and left-
handed players could be pooled and analyzed together). 

The 40 training matches primarily involved the 
aforementioned five national youth team players compet-
ing against other team players or each other. The 40 inter-
national competitions were official matches where these 
five players competed against players from countries in-
cluding South Korea, France, Australia, India, Portugal, 
Slovenia, Ukraine, Singapore, Kazakhstan, Poland, and re-
gions such as Chinese Taipei and Hong Kong, China. All 
matches were conducted in a best-of-five format. To con-
trol for the potential influence of match outcomes on tech-
nical and tactical behavior, the numbers of winning and 
losing matches and games were matched between the train-
ing matches and the international competitions (Table 1). 

The data used in this study were obtained from 
semi-public training matches and official World Table 
Tennis broadcasts. Training match videos were routinely 
recorded by coaches and players as part of the standard 
training process and later used for performance analysis 
with authorization from team management. Training 
matches were commonly observed by team managers, in-
vited referees, training-base staff, and local youth players. 
As all participants were underage players, informed con-
sent was obtained from both the players and their legal 
guardians, and approval for data use was granted by the 
coaching staff. All data were fully anonymized and in-
cluded only match-related technical and tactical variables 
without any personal identifiers. The study involved retro-
spective analysis of non-identifiable observational data 
from routine training and publicly available matches, with 
no intervention or direct interaction with participants; 
therefore, in accordance with institutional ethical guide-
lines, formal ethical approval was not required. 
 
Performance indicators 
The performance indicators in this study were of four 
types: stroke sequence, stroke technique, ball placement 
and rally outcome, as shown in Table 2 and Figure 1. 
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Table 1. Detailed information of the sample. 
 Type of tournaments N Win match Loss match Win game Loss game

Training 
Match 

Beijing (January) 16 5 11 29 37
Beijing (February) 14 9 5 34 22

Beijing (March) 5 3 2 12 9
Zhengding (March) 3 2 1 6 4

Huangshi (June) 2 1 1 5 3
Total  40 20 20 86 75

International 
Competition 

WTT Youth Star Contender Singapore 7 2 5 12 17
WTT Youth Star Contender Podgorica 3 1 2 5 6
WTT Youth Contender Luxembourg 6 6 0 18 7

WTT Youth Contender Havirov 10 5 5 22 17
WTT Youth Contender Berlin 7 3 4 13 15

Asian Youth Championships Chongqing 7 3 4 16 13
Total  40 20 20 86 75

 
Table 2. Performance indices of table tennis matches. 
Stroke sequence Stroke technique Ball placement Rally outcome 
First stroke (S1) Serve(SV) Short Forehand (sf) Scoring 
Second stroke (S2) Topspin/attack(TA) Half Long Forehand (hlf) Losing 
Third stroke (S3) Smash (SM) Long Forehand (lf)  
Fourth stroke (S4) Flick (FL) Short Middle (sm)  
Odd-numbered strokes after the 
third stroke (S>3) 

Twist (TW) Half Long Middle (hlm)  
Backhand punch (BP) Long Middle (lm)  

Even-numbered strokes after the 
fourth stroke (S>4) 

Push (PU) Short Backhand (sb)  
Touch short (TS) Half Long Backhand (hlb)  
Block (BL) Long Backhand (lb)  
Special (SP)   

 
 

 
 
 

Figure 1. Schematic diagram of ball placement. Ball placement 
when the opponent is a right-handed player (top). Ball placement when 
the opponent is a left-handed player (bottom). 

 
In table tennis, the first four strokes of a rally exhibit 

the greatest technical and tactical variability and carry the 
highest tactical significance (Zhang et al., 2013). Accord-
ingly, this study analyzed the initial four strokes on a 
stroke-by-stroke basis. To facilitate systematic analysis be-
yond this phase, all odd-numbered strokes after the third 
stroke were grouped into a single category (denoted as S>3), 
and all even-numbered strokes after the fourth stroke were 
grouped into another category (denoted as S>4). A stand-
ardized stroke sequence was then established based on the 

order of ball contact within each rally. This categorization 
enhances both the comparability and generalizability of the 
data. 

Stroke technique indicators were recorded in ac-
cordance with established observational frameworks from 
previous research (Zhang and Hohmann, 2004; Molodzoff, 
2008; Lanzoni et al., 2014; Zhang and Zhou, 2017; Zhou 
and Zhang, 2022). The techniques were classified as fol-
lows: 

1. The serve is the first stroke initiating each rally. 
2. The topspin/attack (TA) was originally considered 

two distinct techniques in table tennis. Topspin re-
fers to an offensive technique that generates heavy 
topspin through frictional contact, whereas attack 
refers to a fast offensive technique based primarily 
on impact. However, with the development of table 
tennis techniques, elite players increasingly inte-
grate friction and impact within a single offensive 
action (Zhang and Zhou, 2017). Therefore, the pre-
sent study adopted Topspin/attack as a combined 
technical indicator. 

3. The smash is a high-speed offensive stroke intended 
to finish the point. 

4. The flick is an attacking stroke typically executed 
close to the net. 

5. The twist is a backhand-dominant attacking stroke 
played near the net with pronounced spin. 

6. The backhand punch is an offensive stroke com-
monly associated with players using short-pimpled 
rubber. 

7. The push is a control-oriented stroke directed to-
ward the opponent’s half-long or long placement. 

8. The touch short is a control-oriented stroke aimed  
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at short placement on the opponent’s side. 
9. The block is a defensive stroke used to return an op-

ponent’s topspin. 
10. The special category includes lob, chop, slice, pim-

pled-rubber techniques, and strokes that cannot be 
clearly identified. These techniques occur infre-
quently in competition and were therefore excluded 
from subsequent analyses. 

 
Ball placement variables shown in Figure 1 were 

recorded following established procedures in the literature 
(Zhang and Hohmann, 2004; Molodzoff, 2008; Lanzoni et 
al., 2014; Zhang and Zhou, 2017; Zhou and Zhang, 2022). 

Rally outcomes were classified into two categories: 
1. Scoring occurs when the ball lands successfully on 

the opponent’s court and is not returned. 
2. Losing occurs when an error is made on the stroke, 

resulting in the ball landing out of bounds or in the 
net. 
 
The objectivity of all observational indicators was 

ensured by using a previously validated coding system de-
veloped by Zhang and Zhou (2017). In that study, inter-
rater reliability was assessed using Cohen’s kappa statistics 
based on the same dataset and observational framework, 
and excellent agreement was reported (kappa = 0.995 for 
stroke technique, 0.992 for ball placement, and 1.000 for 
rally outcomes). Given that the present study adopted the 
same standardized observation system and coding proto-
col, the reliability evidence reported by Zhang and Zhou 
(2017) was used as methodological support for the current 
analysis. 
 
Scoring rate, usage rate, and technique effectiveness 
formulas 
Scoring and usage rates for the first four strokes (S1-S4): 
The scoring rate of the i-th stroke in the first four strokes is 
calculated as the number of points won on that stroke di-
vided by the total number of that stroke played, as shown 
in Formula 1 (i = 1, 2, 3, 4): 
 

𝑆𝑐𝑜𝑟𝑖𝑛𝑔 𝑅𝑎𝑡𝑒௜ ൌ
௉௢௜௡௧௦ ௐ௢௡ ௢௡ ௌ௧௥௢௞௘ ௜

்௢௧௔௟ ே௨௠௕௘௥ ௢௙ ௌ௧௥௢௞௘ ௜ 
         (1) 

 

The usage rate of the i-th stroke in the first four 
strokes is calculated as the proportion of that stroke among 
all strokes in the match, as shown in Formula 2 (i = 1, 2, 3, 
4). 
 

𝑈𝑠𝑎𝑔𝑒 𝑅𝑎𝑡𝑒௜ ൌ
்௢௧௔௟ ே௨௠௕௘௥ ௢௙ ௌ௧௥௢௞௘ ௜

்௢௧௔௟ ே௨௠௕௘௥ ௢௙ ௌ௧௥௢௞௘௦ ௜௡ ௧௛௘ ௠௔௧௖௛
    (2) 

  

Scoring and usage rates for odd-numbered strokes after 
the third stroke in the service sequence (S>3, odd): This 
scoring rate represents the points won on all odd-numbered 
strokes after the third stroke of the service sequence di-
vided by the total number of those strokes, as shown in For-
mula 3. 
 

𝑆𝑐𝑜𝑟𝑖𝑛𝑔 𝑅𝑎𝑡𝑒ௌಭయ,௢ௗௗ ൌ

௉௢௜௡௧௦ ௐ௢௡ ௢௡ ைௗௗ ௌ௧௥௢௞௘௦ ஺௙௧௘௥ ்௛௜௥ௗ ௌ௧௥௢௞௘

்௢௧௔௟ ே௨௠௕௘௥ ௢௙ ௢ௗௗ ௌ௧௥௢௞௘௦ ஺௙௧௘௥ ்௛௜௥ௗ ௌ௧௥௢௞௘ 
        (3) 

This usage rate is the proportion of odd-numbered 
strokes after the third stroke in the service sequence among  
all strokes in the match, as shown in Formula 4. 
 

𝑈𝑠𝑎𝑔𝑒 𝑅𝑎𝑡𝑒ௌಭయ, ௢ௗௗ ൌ

்௢௧௔௟ ே௨௠௕௘௥ ௢௙ ைௗௗ ௌ௧௥௢௞௘௦ ஺௙௧௘௥ ்௛௜௥ௗ ௌ௧௥௢௞௘

்௢௧௔௟ ே௨௠௕௘௥ ௢௙ ௌ௧௥௢௞௘௦ ௜௡ ௧௛௘ ௠௔௧௖௛
       (4) 

  

Scoring and usage rates for even-numbered strokes after 
the fourth stroke in the receive sequence (S>4, even): This 
scoring rate represents the points won on all even-num-
bered strokes after the fourth stroke of the receive sequence 
divided by the total number of those strokes, as shown in 
Formula 5. 
 

𝑆𝑐𝑜𝑟𝑖𝑛𝑔 𝑅𝑎𝑡𝑒ௌಭర,௘௩௘௡ ൌ

௉௢௜௡௧௦ ௐ௢௡ ௢௡ ா௩௘௡ ௌ௧௥௢௞௘௦ ஺௙௧௘௥ ௙௢௨௥௧௛ ௌ௧௥௢௞௘

்௢௧௔௟ ே௨௠௕௘௥ ௢௙ ா௩௘௡ ௌ௧௥௢௞௘௦ ஺௙௧௘௥ ௙௢௨௥௧௛ ௌ௧௥௢௞௘ 
          (5) 

 

This usage rate is the proportion of even-numbered 
strokes after the fourth stroke in the receive sequence 
among all strokes in the match, as shown in Formula (6). 
 

𝑈𝑠𝑎𝑔𝑒 𝑅𝑎𝑡𝑒ௌಭర, ௘௩௘௡ ൌ

்௢௧௔௟ ே௨௠௕௘௥ ௢௙ ா௩௘௡ ௌ௧௥௢௞௘௦ ஺௙௧௘௥ ௙௢௨௥௧௛ ௌ௧௥௢௞௘

்௢௧௔௟ ே௨௠௕௘௥ ௢௙ ௌ௧௥௢௞௘௦ ௜௡ ௧௛௘ ௠௔௧௖௛
            (6) 

  

Formulas for calculating technique scoring rate and usage 
rate: Scoring Rate of stroke technique i (Formula 7): 
 

𝑆𝑅௜ ൌ
ௌ೔,೘

ே೔,೘
          (7) 

 
where Si,m represents the number of points scored using technique i in 
match m, and Ni,m represents the total number of times technique i was 
used in match m. 

 

Usage Rate of stroke technique i (Formula 8): 
 

𝑈𝑅௜ ൌ
ே೔,೘

ே೘  
        (8) 

 
where Nm denotes the total number of strokes in match m. 
  

Formula for stroke effectiveness: This study employed the 
technique effectiveness (TE) formula (Formula 9), based 
on scoring rate (SR) and usage rate (UR), as proposed by 
Zhang et al. (2013): 
 

TE ൌ െሺ1 ൅ √ଶ

ଶ
ሻ  ൅ ሺ1.5 ൅ √2ሻ ൈ ሺ1 ൅ URሻୗୖି଴.ହ ൅

ሺെ √ଶ

ଶ
ሻ ൈ ሺ1 ൅ URሻଶሺୗୖି଴.ହሻ                                            (9) 

  
Statistical analysis of scoring rate, usage rate and  effec-
tiveness: For each stroke and technical indicator (scoring 
rate, usage rate, effectiveness), means ± SD were calcu-
lated for training matches and international competitions. 
To compare the differences between the two match types 
while controlling for within-subject correlation due to re-
peated measurements, a generalized estimating equation 
(Zeger and Liang, 1986) with identity link function (for 
continuous outcomes), exchangeable working correlation 
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matrix, and robust covariance estimator was used (fixed 
factor: match type; subject variable: athlete ID), as shown 
in Formula 10. Regression coefficient (β), standard error 
(SE), 95% CI, and p value were obtained. Significance 
level α = 0.05. No post hoc correction was needed for two 
group comparisons. All analyses were based on complete 
case data. SPSS 27.0 was used. 
 

𝐸ሺ𝑌௜௝ሻ ൌ 𝛽଴ ൅ 𝛽ଵ ൈ 𝑀𝑎𝑡𝑐ℎ 𝑇𝑦𝑝𝑒௜௝                           (10) 
 
𝑌௜௝outcome (scoring rate / usage rate / effectiveness) for the i-th athlete at 
the j-th observation 
𝑀𝑎𝑡𝑐ℎ 𝑇𝑦𝑝𝑒௜௝: training match = 1, international competition = 0 
𝛽଴: estimated mean for international competitions 
𝛽ଵ: mean difference between training and international matches 
 

Heat map analysis 
Heat map algorithm 
Data were collected on players’ ball placement distribution 
during the first four strokes, after the third stroke, and after 
the fourth stroke, as well as on the corresponding technical 
usage of each stroke by the opponents, thereby forming a 
“placement→technique” combination. The matrix calcula-
tion (Formula 11) is as follows: 
 

𝑈𝑅௜௝ 
ൌ

௔೔ೕ

∑ ௔೔ೕೕ  
                                 (11) 

 
where aij represents the number of times the j-th combination was used in 
the 40 matches for the i-th stroke. 

 
Statistical analysis of “placement→technique” combina-
tions: A generalized estimating equation (GEE) model was 
used to examine differences in the usage of “place-
ment→technique” combinations. As all data were count 
data, a Poisson GEE model with a log link (McCullagh and 
Nelder, 1989) was employed to account for their discrete 
distribution. GEE was selected to handle intra‐cluster cor-
relation among multiple matches from the same player (Ze-
ger and Liang, 1986).  

To account for differences in the number of stroke-
level opportunities across matches and rally stages, the log-
arithm of the total number of opportunities (total_strokes) 
was included as an offset. This specification allowed com-
parison of usage rates per stroke opportunity rather than 
raw frequencies (Frome and Checkoway, 1985). The 
model specification is given in Formula 12: 
 

log ሺ𝐸ൣ𝑌௜௝൧ሻ ൌ log ሺtotal_𝑠𝑡𝑟𝑜𝑘𝑒𝑠௜௝ሻ ൅ 𝛽଴ ൅ 𝛽ଵ ൈ

𝑇𝑟𝑎𝑖𝑛𝑖𝑛𝑔 𝑚𝑎𝑡𝑐ℎ௜௝                                                         (12) 

 
Where: Yij denotes the frequency of the j-th combination (place-

ment→technique) within the i-th stroke of the match. 
𝐸ሾ𝑌௜௝ሿ represents the expected value of Yij given the predictor varia-

bles. GEE targets the marginal expectation (population‐averaged level), 
not subject‐specific expectations. 

log(.) denotes the log link function. For count data (Poisson, non‐
negative), it ensures fitted expectations are positive and converts multi-
plicative to additive relationships, easing linear modeling. 

𝑡𝑜𝑡𝑎𝑙_𝑠𝑡𝑟𝑜𝑘𝑒𝑠௜௝ represents the total number of opportunities / total 
strokes (exposure) for all combinations at the i-th stroke in a match. It 
quantifies the total count of opportunities for the combination to occur. 

𝑇𝑟𝑎𝑖𝑛𝑖𝑛𝑔 𝑚𝑎𝑡𝑐ℎ௜௝ is a binary indicator variable (training match = 
1, international competition = 0). This coding allows the regression           

coefficient 𝛽ଵ to directly reflect the effect of a training match compared 
to an international competition. 

𝛽଴ denotes the intercept, which corresponds to the mean log usage 
rate under the condition that Training match = 0 (international competi-
tion). 

𝛽ଵ is the regression coefficient for training matches, representing the 
offset‐adjusted average difference in log usage rate between training and 
international competitions. A positive  𝛽ଵ means training matches have a 
higher usage rate; a negative  𝛽ଵ means a lower rate. 

 

Role of the offset: Directly comparing frequencies 
is confounded by total strokes-more strokes lead to higher 
observed frequencies. The objective is the usage rate per 
unit opportunity (incidence rate). Therefore, total opportu-
nities are included as an offset (coefficient fixed at 1), mod-
eling the log incidence rate and eliminating confounding 
by varying total opportunity counts across matches. 

P values were adjusted for multiple testing across 
technique categories within each phase using the Benja-
mini-Hochberg FDR method (Benjamini and Hochberg, 
1995). Statistical significance was set at FDR-adjusted p 
value < 0.05. Usage rate, regression coefficient (β), rate ra-
tio (RR), and adjusted p value were presented in the Results 
section. Analyses were conducted using Python 3.8.0.  
 
Generalized estimating equations regression models 
Regression model for match winning probability based on 
stroke sequence: This study investigated the effect of tech-
nical effectiveness in different stroke sequences on match 
winning probability (WP). WP is a continuous variable cal-
culated as points won / (points won + points lost), ranging 
in [0, 1]. Because multiple repeated observations from the 
same athlete induce intra‐cluster correlation, ignoring it 
would bias standard error estimation. Therefore, general-
ized estimating equations (GEEs) were used. GEE charac-
terizes the correlation structure among observations within 
a cluster by specifying a working correlation matrix, 
thereby yielding robust standard errors (Ballinger, 2004). 

Dependent variable: WP (continuous variable) 
Independent variables: stroke effectiveness of each 

stroke 
Cluster: athlete ID 
Link function and distribution: identity link, Gaussian 

distribution 
Working correlation structure: exchangeable (assumes 

constant correlation between residuals of any two matches 
from the same athlete) 

 

The resulting marginal model is given in Formula 
13: 
      𝐸൫𝑊𝑃௜௝൯ ൌ 𝛽଴ ൅ 𝛽ଵ𝑆ଵ,௜௝ ൅ 𝛽ଶ𝑆ଶ,௜௝ ൅ 𝛽ଷ𝑆ଷ,௜௝ ൅

𝛽ସ𝑆ସ,௜௝ ൅ 𝛽ହ𝑆வଷ,௜௝ ൅ 𝛽଺𝑆வସ,௜௝                                     (13) 

 
Where WPij is the winning probability of the j-th match for the i-th athlete; 
𝛽଴ is the intercept; 𝛽ଵ through  𝛽଺ are regression coefficients, interpreted 
as the marginal change in average WP for a one‐unit increase in the cor-
responding stroke‐sequence effectiveness, holding other stroke‐sequence 
effectiveness and within‐athlete correlation constant. 

 
Regression model for match winning probability based on stroke tech-

nique: To investigate the marginal effects of the effective-
ness of nine core stroke techniques on match winning prob-
ability, this study constructed a multiple regression model 
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using Generalized Estimating Equations (GEE) to account 
for non‐independence among multiple matches from the 
same athlete. 

Dependent variable: winning probability (continuous) 
Independent variables: stroke technique effectiveness  
Cluster: athlete ID 
Link function and distribution: identity link, Gaussian 

distribution 
Working correlation structure: exchangeable 
 

The full GEE marginal model was specified as fol-
lows (Formula 14): 
 

 𝐸൫𝑊𝑃௜௝൯ ൌ 𝛽଴ ൅ 𝛽ଵ𝑆𝑉௜௝ ൅ 𝛽ଶ𝑇𝐴௜௝ ൅ 𝛽ଷ𝑃𝑈௜௝ ൅ 𝛽ସ𝑇𝑆௜௝ ൅

𝛽ହ𝐵𝐿௜௝ ൅ 𝛽଺𝐹𝐿௜௝ ൅ 𝛽଻𝑇𝑊௜௝ ൅ 𝛽଼𝑆𝑀௜௝ ൅ 𝛽ଽ𝐵𝑃௜௝          ሺ14ሻ                     
 

where 𝑊𝑃௜௝ is the winning probability of the j-th match for the i-th ath-
lete; 𝛽଴ is the intercept; 𝛽ଵ through 𝛽ଽ are regression coefficients repre-
senting the marginal change in average winning probability per one‐unit 
increase in the corresponding technique effectiveness, holding other ef-
fectiveness and within‐athlete correlation constant. 

 

All regression analyses were performed using SPSS 
27.0 with robust covariance estimation and an exchangea-
ble working correlation matrix; coefficient estimates, 95% 
confidence intervals, and p values are reported for all nine 
predictors. 
 

Results 
 

Analysis of scoring rate, usage rate, and technical effec-
tiveness 
Stroke sequence: Table 3 compares the scoring rate, usage 
rate, and technical effectiveness of each stroke sequence in 
training matches (TM) and international competitions (IC). 
GEE analysis showed for the fourth stroke, both scoring 
and usage rates were significantly higher in TM. Specifi-
cally, the fourth-stroke scoring rate in TM (0.229 ± 0.093) 
was higher than in IC (0.205 ± 0.076) (β = 0.027, p < 0.001, 
95% CI [0.011, 0.043]), an increase of approximately 2.4 
percentage points. The usage rate of the fourth stroke was 
also higher in TM (0.139 ± 0.014) than in IC (0.133 ± 
0.016) (β = 0.006, p = 0.027, 95% CI [0.001, 0.011]), a 

difference of approximately 0.6 percentage points. No sig-
nificant differences in effectiveness were found for any 
stroke sequence. 

Stroke technique: Table 4 presents GEE results for 
technical indicators. Significant between-group differences 
were found for three techniques. For usage rate, touch short 
was higher in TM (0.080 ± 0.042 vs. 0.038 ± 0.025; β = 
0.041, p = 0.004, 95% CI [0.013, 0.070]), a mean differ-
ence of 4.2 percentage points. Flick usage was also higher 
in TM (0.027 ± 0.020 vs. 0.013 ± 0.014; β = 0.013, p = 
0.043, 95% CI [0.000, 0.026]), corresponding to an abso-
lute difference of 1.4 percentage points.  For effectiveness, 
TM showed lower values for flick (0.499 ± 0.012 vs. 0.501 
± 0.008; β = -0.002, p = 0.017, 95% CI [-0.004, 0.000]) and 
block (0.480 ± 0.015 vs. 0.484 ± 0.015; β = -0.004, p = 
0.026, 95% CI [-0.008, -0.001]), reductions of 0.2 and 0.4 
percentage points, respectively. 
 
Heat map analysis of “placement→technique” combi-
nations 
Figure 2 and Figure 3 show the differences in usage rates 
of ball placement and stroke technique combinations be-
tween TM and IC for the serve round and receive round, 
respectively. The vertical axis represents nine ball place-
ments, and the horizontal axis represents nine stroke tech-
niques. Yellow represents the combination matrix of the 
target player’s ball placement and the opponent’s used 
technique. Green represents the transition matrix (oppo-
nent’s ball placement and the target player’s technique 
combination). 

As shown in Figure 2, compared with IC, in TM: 
for the first stroke, three combinations showed signifi-
cantly higher usage rates: sm→TS (TM: 16.3%, IC: 9.4%; 
β = 0.053, RR = 1.738, adjusted p < 0.001), sf→FL (TM: 
2.8%, IC: 0.8%; β = 1.175, RR = 3.238, adjusted p < 
0.001), and sm→FL (TM: 4.7%, IC: 2.5%; β = 0.604, RR 
= 1.829, adjusted p < 0.01). For the third stroke, two com-
binations showed higher usage rates: sm→TS (TM: 2.2%, 
IC: 0.7%; β = 1.555, RR = 3.175, adjusted p < 0.001) and 
hlm→TA (TM: 3.1%, IC: 1%; β = 1.114, RR = 3.046, ad-
justed p < 0.01). 

 
Table 3. scoring rate, usage rate, and technique effectiveness values for stroke sequence. 

 Training matches International competitions β SE p 95%CI
SR1 0.155 ± 0.066 0.165 ± 0.075 -0.011 0.013 0.481 -0.040, 0.019
UR1 0.221 ± 0.016 0.219 ± 0.028 0.002 0.006 0.719 -0.010, 0.015
TE1 0.398 ± 0.018 0.403 ± 0.017 -0.005 0.003 0.087 -0.012, 0.001
SR2 0.218 ± 0.071 0.232 ± 0.079 -0.013 0.014 0.362 -0.041, 0.015
UR2 0.223 ± 0.018 0.222 ± 0.028 0.002 0.006 0.783 -0.011, 0.014
TE2 0.415 ± 0.021 0.421 ± 0.019 -0.006 0.003 0.063 -0.011, 0.000
SR3 0.272 ± 0.097 0.254 ± 0.097 0.018 0.019 0.342 -0.019, 0.056
UR3 0.183 ± 0.014 0.177 ± 0.017 0.006 0.003 0.062 0.000, 0.012
TE3 0.443 ± 0.024 0.440 ± 0.024 0.002 0.005 0.655 -0.008, 0.013
SR4 0.229 ± 0.093 0.205 ± 0.076 0.027 0.008 < 0.001 0.011, 0.043
UR4 0.139 ± 0.014 0.133 ± 0.016 0.006 0.003 0.027 0.001, 0.011
TE4 0.447 ± 0.019 0.445 ± 0.014 0.003 0.002 0.231 -0.002, 0.007
SR>3 0.268 ± 0.147 0.320 ± 0.174 -0.052 0.035 0.139 -0.121, 0.017
UR>3 0.034 ± 0.014 0.032 ± 0.010 0.002 0.003 0.361 -0.003, 0.008
TE>3 0.489 ± 0.007 0.492 ± 0.009 -0.003 0.002 0.159 -0.006, 0.001
SR>4 0.269 ± 0.161 0.280 ± 0.182 -0.013 0.040 0.749 -0.090, 0.065
UR>4 0.024 ± 0.009 0.024 ± 0.009 0.001 0.001 0.509 -0.002, 0.003
TE>4 0.492 ± 0.006 0.493 ± 0.007 -0.001 0001 0.410 -0.004, 0.002

(SR) denotes scoring rate; (UR) represents usage rate; (TE) denotes technique effectiveness. The subscripts (e.g., 1, 2, 3, 4, >3, >4) indicate the sequence 
of strokes within a rally. For example, SR1 refers to the scoring rate of the first stroke. 
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Table 4. scoring rate, usage rate, and technique effectiveness values for stroke techniques. 
 Training matches International competitions β SE p 95%CI

SRsv 0.545 ± 0.093 0.555 ± 0.099 -0.010 0.019 0.607 -0.047, 0.028
URsv 0.222 ± 0.016 0.220 ± 0.028 0.002 0.006 0.732 -0.010, 0.015
TEsv 0.514 ± 0.028 0.517 ± 0.031 -0.003 0.006 0.577 -0.015, 0.008
SRTA 0.444 ± 0.112 0.471 ± 0.104 -0.028 0.025 0.259 -0.076, 0.020
URTA 0.405 ± 0.111 0.470 ± 0.156 -0.064 0.072 0.376 -0.205, 0.077
TETA 0.469 ± 0.057 0.486 ± 0.059 -0.018 0.013 0.179 -0.044, 0.008
SRSM 0.394 ± 0.477 0.288 ± 0.431 0.054 0.229 0.815 -0.395, 0.502
URSM 0.006 ± 0.009 0.003 ± 0.005 0.002 0.003 0.520 -0.004, 0.008
TESM 0.503 ± 0.007 0.501 ± 0.003 0.002 0.002 0.225 -0.001, 0.005
SRFL 0.406 ± 0.327 0.329 ± 0.380 0.068 0.116 0.555 -0.159, 0.295
URFL 0.027 ± 0.020 0.013 ± 0.014 0.013 0.007 0.043 0.000, 0.026
TEFL 0.499 ± 0.012 0.501 ± 0.008 -0.002 0.001 0.017 -0.004, 0.000
SRTW 0.259 ± 0.312 0.321 ± 0.325 -0.107 0.152 0.482 -0.404, 0.191
URTW 0.013 ± 0.019 0.019 ± 0.025 -0.008 0.007 0.280 -0.022, 0.006
TETW 0.500 ± 0.006 0.500 ± 0.010 0.001 0.001 0.532 -0.002, 0.003
SRBP 0.119 ± 0.200 0.104 ± 0.188 0.003 0.107 0.976 -0.207, 0.214
URBP 0.065 ± 0.114 0.084 ± 0.149 -0.020 0.074 0.787 -0.164, 0.125
TEBP 0.494 ± 0.016 0.491 ± 0.025 0.002 0.008 0.747 -0.012, 0.017
SRPU 0.434 ± 0.125 0.454 ± 0.132 -0.020 0.023 0.395 -0.065, 0.026
URPU 0.097 ± 0.033 0.095 ± 0.030 0.002 0.007 0.790 -0.011, 0.015
TEPU 0.492 ± 0.018 0.494 ± 0.017 -0.001 0.003 0.660 -0.006, 0.004
SRTS 0.486 ± 0.175 0.483 ± 0.268 -0.003 0.029 0.920 -0.060, 0.054
URTS 0.080 ± 0.042 0.038 ± 0.025 0.041 0.014 0.004 0.013, 0.070
TETS 0.496 ± 0.018 0.500 ± 0.013 -0.004 0.002 0.071 -0.009, 0.000
SRBL 0.251 ± 0.173 0.241 ± 0.208 0.013 0.047 0.779 -0.079, 0.105
URBL 0.056 ± 0.028 0.043 ± 0.025 0.014 0.008 0.080 -0.002, 0.030
TEBL 0.480 ± 0.015 0.484 ± 0.015 -0.004 0.002 0.026 -0.008,-0.001

The subscripts (e.g., SV, TA, SM, FL, TW, BP, PU, TS, and BL) represent different technique categories. For example, SRSV represents the scoring 
rate for serves. 
 

For the first stroke, IC showed higher usage rates 
than TM in four combinations: sf→TW (IC: 1.8%, TM: 
0.4%; β = -1.536, RR = 0.215, adjusted p < 0.001), lm→TA 
(IC: 13.4%, TM: 8.7%; β = -0.459, RR = 0.632, adjusted p 
< 0.01), lb→TA (IC: 7.3%, TM: 4.7%; β = -0.464, RR = 

0.629, adjusted p < 0.001), and lb→PU (IC: 0.7%, TM: 
0.3%; β = -0.914, RR = 0.401, adjusted p < 0.05). For the 
third stroke, the combination lm→BL (IC: 10.8%, TM: 
6.5%; β = -0.492, RR = 0.612, adjusted p < 0.01) showed 
significantly higher usage rates in IC than in TM. 

 
 

 

 
 

Figure 2. Serving round: usage rates of “placement→technique” combinations in training matches and international competi-
tions. * denotes adjusted p < 0.05; ** denotes adjusted p < 0.01; *** denotes adjusted p < 0.001. The following text is the same. Regarding the 
interpretation of “placement→technique” combinations, e.g., “sm→TS” means the target player placed the ball to the middle short location, and the 
opponent used a touch short technique in return. Other combinations are interpreted similarly. SP represents a composite of several techniques that 
rarely occur in matches and is therefore not subjected to further detailed analysis. The same applies to the subsequent figures. 
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Figure 3. Receiving round: usage rates of “placement→technique” combinations in training matches and international com-
petitions. 
 

From Figure 3, compared to IC, TM had higher us-
age rates for the following combinations: second stroke 
hlf→TA (TM: 2.5%, IC: 1.3%; β = 0.674, RR = 1.963, ad-
justed p < 0.001), sm→TS (TM: 6%, IC: 1.5%; β = 1.34, 
RR = 3.819, adjusted p < 0.001), sf→TS (TM: 1.3%, IC: 
0.6%; β = 0.775, RR = 2.170, adjusted p < 0.001), and 
sf→PU (TM: 2.5%, IC: 0.8%; β = 1.069, RR = 2.913, ad-
justed p < 0.001). one combination in the fourth stroke: 
lf→TA (TM: 22.8%, IC: 16.4%; β = 0.325, RR = 1.384, 
adjusted p < 0.001). and the combination lb + BL after the 
fourth stroke (TM: 4.4%, IC: 1.1%; β = 1.403, RR = 4.067, 
adjusted p < 0.001). 

Conversely, IC had higher usage rates for the sec-
ond stroke combinations lm→BL (IC: 2.4%, TM: 0.8%; β 
= -1.151, RR = 0.316, adjusted p < 0.01), lb→TA (IC: 
32.4%, TM: 25%; β = -0.268, RR = 0.765, adjusted p < 
0.001), and lm→TA (IC: 29.4%, TM: 25.2%; β = -0.156, 
RR = 0.856, adjusted p < 0.05). the fourth stroke combina-
tion lm→BL (IC: 5%, TM: 2.6%; β = -0.524, RR = 0.592, 
adjusted p < 0.05), and the combination lb→TA (IC: 
31.4%, TM: 23.6%; β = -0.286, RR = 0.751,  adjusted p < 
0.05) after the fourth stroke. 

As shown in Figure 2 and Figure 3, a total of 21 
combinations showed statistical significance between TM 
and IC. However, a methodological detail warrants special 
attention. Specifically, data distributions were extremely 
imbalanced for the following 14 combinations: one combi-
nation in the first stroke (lm→BL); six combinations in the 
third stroke (lm→SM, hlb→TA, hlf→TA, sf→PU, 
hlm→FL, sb→PU); two combinations in the second stroke 
(hlm→SM, hlf →TS); two combinations in the fourth 
stroke (lb→SM, sf→TS); and three combinations in the 
fourth stroke and beyond (sf→FL, sf→TS, lf→SM). Spe-
cifically, for these 14 combinations, all observations in IC 
were zero. These 14 combinations were not practically 
meaningful and thus are not displayed in the figures;     

however, their existence in the dataset reveals a pattern of 
data sparsity. 

Although the generalized estimating equation 
(GEE) yielded statistically significant test results (adjusted 
p < 0.05) based on this data pattern, there were cells with 
zero events in any comparison group. This situation is de-
fined as “complete separation”, for which the statistical es-
timation is invalid (Heinze and Schemper, 2002). There-
fore, considering the data sparsity issue of these 14 combi-
nations, the remaining 21 significant combinations retain 
practical observational meaning. The main conclusions of 
this study will focus on those variables with more balanced 
data distribution and more robust results. 
 
Generalized estimating equations regression analysis 
Analysis of the model relating stroke sequence effec-
tiveness to match winning probability 
Table 5 presents the GEE model (QIC = 16.423, QICC = 
14.037) for the effect of stroke sequence effectiveness on 
winning probability in TM. All regression coefficients for 
S1, S2, S3, and S4 were positive and significant (p < 0.001). 
S3 had the strongest effect (β = 1.741, 95% CI [1.303, 
2.178]), followed by S4 (β = 1.702, 95% CI [1.056, 2.347]) 
and S2 (β = 1.680, 95% CI [1.137, 2.224]). S1 had a smaller 
but significant effect (β = 0.708, 95% CI [0.297, 1.119]). 

Table 6 presents the GEE model of stroke sequence 
effectiveness on winning probability in IC (QIC = 13.617, 
QICC = 14.049). All coefficients for S1, S2, S3, S4 and S>3 

were positive and significant (p < 0.05). S>3 had the strong-
est effect (β = 3.403, p < 0.001, 95% CI [2.896, 3.910]), 
followed by S4 (β = 1.568, p < 0.001, 95% CI [0.884, 
2.251]) and S3 (β = 1.493, p < 0.001, 95% CI [1.245, 
1.740]). S1 (β = 0.807, p = .040, 95% CI [0.035, 1.578]) 
and S2 (β = 0.714, p < 0.001, 95% CI [0.292, 1.135]) had 
smaller but significant effects. 
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Table 5. Regression model for winning probability based on stroke sequence in training matches. 
Independent  

variable 
β SE Wald χ2 p 95%CI 

(Intercept) -3.182 0.630 25.511 < 0.001 -4.417,-1.947
S1 0.708 0.210 11.389 < 0.001 0.297, 1.119
S2 1.680 0.277 36.699 < 0.001 1.137, 2.224
S3 1.741 0.223 60.824 < 0.001 1.303, 2.178
S4 1.702 0.329 26.691 < 0.001 1.056, 2.347
S>3 1.414 0.892 2.511 0.113 -0.335, 3.162
S>4 0.982 1.173 0.701 0.402 -1.316, 3.280

 
Table 6. Regression model for winning probability based on stroke sequence in international competitions. 

Independent 
variable 

β SE Wald χ2 p 95%CI 
(Intercept) -3.974 0.629 39.915 < 0.001 -5.207,-2.741

S1 0.807 0.394 4.201 0.040 0.035, 1.578
S2 0.714 0.215 10.999 < 0.001 0.292, 1.135
S3 1.493 0.126 140.126 < 0.001 1.245, 1.740
S4 1.568 0.349 20.220 < 0.001 0.884, 2.251
S>3 3.403 0.259 173.169 < 0.001 2.896, 3.910
S>4 1.697 0.938 3.269 0.071 -0.143, 3.536

 
Table 7. Regression model for winning probability based on stroke techniques in training matches. 

Independent 
variable 

β SE Wald χ2 p 95%CI 
(Intercept) -1.081 0.408 7.032 0.008 -1.880,-0.282

SV 0.954 0.198 23.274 < 0.001 0.566, 1.341
TA 0.352 0.067 27.576 < 0.001 0.221, 0.483
PU 1.143 0.413 7.684 0.006 0.335, 1.952
TS 1.104 0.175 40.000 < 0.001 0.762, 1.446
BL 0.689 0.458 2.257 0.133 -0.210, 1.587
FL -0.087 0.381 0.052 0.820 -0.833, 0.660
TW -0.019 0.344 0.003 0.955 -0.694, 0.655
SM -0.881 0.635 1.928 0.165 -2.126, 0.363
BP -0.031 0.093 0.110 0.740 -0.212, 0.151

 
Table 8. Regression model for winning probability based on stroke techniques in international competitions. 

Independent 
variable 

β SE Wald χ2 p 95%CI 
(Intercept) -1.151 1.407 0.670 0.413 -3.909, 1.606

SV 1.206 0.210 30.939 < 0.001 0.794, 1.617
TA 0.468 0.120 15.273 < 0.001 0.233, 0.702
PU 0.990 0.265 13.983 < 0.001 0.471, 1.509
TS -0.029 0.309 0.009 0.925 -0.634, 0.576
BL 0.468 0.346 1.835 0.175 -0.209, 1.146
FL 0.549 0.324 2.865 0.091 -0.087, 1.184
TW -0.161 0.451 0.128 0.720 -1.044, 0.722
SM -0.365 2.860 0.016 0.898 -5.970, 5.240
BP 0.209 0.098 4.611 0.032 0.018, 0.401

 
Analysis of the model relating technique effectiveness 
to match winning probability 
Table 7 presents the GEE model of stroke technique effec-
tiveness on winning probability in TM (QIC = 11.232, 
QICC = 20.032). All coefficients for PU, TS, SV, and TA 
were positive and significant (p < 0.01). PU had the strong-
est effect (β = 1.143, p = 0.006, 95% CI [0.335, 1.952]), 
followed by TS (β = 1.104, p < 0.001, 95% CI [0.762, 
1.446]) and SV (β = 0.954, p < 0.001, 95% CI [0.566, 
1.341]). TA had a smaller but significant effect (β = 0.352, 
p < 0.001, 95% CI [0.221, 0.483]). 

Table 8 presents the GEE model of stroke technique 
effectiveness on winning probability in IC (QIC = 15.338, 
QICC = 20.035). SV, PU, TA, BP had significant coeffi-
cients (p < 0.05). SV had the largest effect (β = 1.206, p < 

0.001, 95% CI [0.794, 1.617]), followed by PU (β = 0.990, 
p < 0.001, 95% CI [0.471, 1.509]) and TA (β = 0.468, p < 
0.001, 95% CI [0.233, 0.702]). BP also reached signifi-
cance (β = 0.209, p = 0.032, 95% CI [0.018, 0.401]). 
 
Discussion 
 
This study examined the contextual characteristics of tech-
nical and tactical behaviors in training matches versus in-
ternational competitions among elite Chinese U15 female 
table tennis players. The results show that the differences 
between the two contexts are not mainly reflected in iso-
lated technical indicators, but rather in the functional or-
ganization of stroke sequences, tactical combinations, and 
their contribution to match wins. This finding has direct 
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practical implications for training: training design should 
shift from repetitive isolated technique practice to targeted 
simulation of competitive demands, placement prefer-
ences, and rally structures. This interpretation is consistent 
with the theoretical framework of table tennis performance 
analysis, which emphasizes the interaction among tech-
nical execution, tactical intention, and contextual con-
straints (Fuchs et al., 2018). 
 
Heat map analysis of “placement→technique” 
Heat map analysis identified clear differences in tactical 
organization across contexts. In training matches, players 
significantly prefer to hit the ball to the opponent’s middle 
and forehand short areas, limiting the opponent’s high-
quality attacks and forcing conservative returns, thereby 
creating conditions for their own subsequent attacks. This 
finding is consistent with Lanzoni et al. (2014), who 
showed that serving to the middle short area can achieve 
good results. 

In contrast, in international competitions, players 
tend to hit the ball to the opponent’s backhand and middle 
long areas, leading to backhand-to-backhand rallies. This 
trend partially supports the conclusion of Zhang and Zhou 
(2017) that female players usually adopt relatively simple 
and stable tactical structures. It further indicates that both 
Chinese U15 female players and adult female players ex-
hibit a preference for simple tactics, while the present study 
precisely identifies the specific form of this “stable struc-
ture”-namely, backhand long‐area rallies. 

This difference may be related to decision‐making 
under different competitive contexts. Although psycholog-
ical pressure was not directly measured in this study, evi-
dence shows that the psychological pressure in official 
matches is much higher than in training environments 
(Murphy et al., 2016). Therefore, psychological pressure 
may represent one possible factor influencing players’ tac-
tical choices, although this interpretation requires further 
empirical validation. From a technical structure perspec-
tive, the forehand stroke is an open skill characterized by 
greater power, stronger spin, and higher stroke quality; the 
backhand stroke is a relatively closed skill with higher sta-
bility and controllability (Zhang et al., 2007). The back-
hand also has a faster execution speed and a smaller range 
of motion (Fuchs and Lames, 2021), which may contribute 
to its greater stability and controllability in fast-paced com-
petitive situations. 
 
Stroke sequence effectiveness and match winning prob-
ability 
There is a systematic difference in the influence of stroke 
sequence on winning probability between the two   compe-
tition contexts. In training matches, the technical-tactical 
effectiveness of strokes 1 to 4 is the most significant deter-
minant of match outcomes. 

In contrast, in international competitions, the influ-
ence of strokes after the third stroke on winning probability 
is significantly stronger, and their importance exceeds that 
of the first four strokes. This result is highly consistent with 
the findings of Tamaki et al. (2017), which showed that 
Chinese female players excel in third‐stroke attacks and 
long rallies. However, the incremental contribution of the 

present study is that previous research largely remained at 
the level of describing the static characteristic of “high 
rally stability in elite female players” (Lanzoni et al., 
2024), whereas this study, using a stroke‐sequence model, 
provides the first quantitative evidence that in international 
competitions, the stalemate phase (beyond the third stroke) 
has a statistically greater impact on winning probability 
than the first four strokes among Chinese U15 female play-
ers-and this effect is not significant in training matches. 
The shift from early active scoring in training to rally‐
based decision‐making in matches likely reflects increased 
uncertainty and differences in tactical demands in official 
competitions. 
 
Technique effectiveness and match winning probability 
At the technical level, serve, push, and topspin/attack con-
sistently contributed to match winning probability across 
contexts, confirming the central tactical role of serve initi-
ative (Lanzoni et al., 2014). However, two techniques 
showed significant context-dependent effects. The touch 
short technique had a significant impact on winning prob-
ability in training matches. Possible reasons include that 
players are more familiar with each other in training 
matches, where the rhythm changes and placement control 
of touch short can effectively disrupt opponent's attacks. 
Additionally, the physical capacity and technical stability 
of young female players are still maturing, making control-
oriented techniques more effective under lower-intensity 
conditions. 

In contrast, attacking techniques such as topspin/at-
tack contributed more to match winning probability in in-
ternational competitions than in training matches. Facing 
unfamiliar international competition environments and op-
ponents’ playing styles, active attacking or quickly enter-
ing topspin rallies becomes a more stable scoring pathway-
because unfamiliar opponents are less accustomed to one’s 
own stroke patterns, and the element of surprise in active 
attacks yields higher returns. At the same time, active at-
tacking reduces the opponent’s reaction time and relieves 
one’s own defensive pressure. 

These findings are consistent with Lanzoni et al. 
(2024), who argued that tactical effectiveness depends on 
the interaction between playing style and contextual con-
straints. The present study further points out that the touch 
short, which performs well in training matches, no longer 
shows significant effectiveness in international competi-
tions. If training content over-relies on such control tech-
niques while neglecting attacking transition skills, athletes 
will lose effective scoring methods in international compe-
tition. 

Based on the above discussion, coaches and players 
should proactively simulate the competitive environment 
of international competitions in training (e.g., adding 
crowd noise, etc.) to help players adapt to the pace and 
competitive demands. When preparing for international 
competitions, youth training should appropriately increase 
the proportion of practice focused on proactively entering 
rallies from the backhand side, and should emphasize tech-
nical-tactical skills that facilitate a quick transition into ral-
lies during the early service and receive phases. These in-
clude long serve tactics, receive-and-push followed by    
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defensive counter-attacks, etc., thereby enhancing players’ 
tactical transition and adaptability in real matches. 
 

Application and examples 
The heatmap results of this study show a clear difference 
in “placement→technique” combinations between training 
matches and international competitions: in international 
competitions, the rally combination in the backhand long 
area contributes more to winning probability. This finding 
can be directly applied to post‐match analysis-coaches and 
players can quickly identify winning patterns and tactical 
problems by examining “placement→technique” combina-
tions on a heatmap. 

Take two international competitions between target 
player A and player B as an example. Player A lost the first 
match 2 - 3 but won the second 3 - 0. After the first match, 
a heatmap analysis of stroke “placement→technique” 
combinations were conducted to provide targeted recom-
mendations for the player and coaching staff. Figure 4 
shows the differences between the two matches in the 
serve‐and‐receive phase. The five combinations with the 
largest positive differences were: “lb→TA” after the fourth 
stroke; “lb→TA” on the second stroke; “lm→TA” on the 
fourth stroke; “lb→TA” on the third stroke; and “lb→TA” 
after the third stroke. 

The analysis shows that in the second match, player 
A significantly increased the frequency of placing the ball 
to the opponent’s middle and backhand long areas, thereby 
forcing the opponent to reply with topspin/attack and en-
tering a backhand‐dominant rally rhythm. This supports 
the core conclusion of this paper: actively constructing a 
rally strategy in the backhand long area has a positive effect 
on match outcomes in international competitions. There-
fore, it is recommended that players specifically strengthen 
their backhand stalemate ability in training, and use 

heatmaps after each international competition to quickly 
review  their  own  “placement→technique”  usage  rates,       
enabling data‐driven tactical adjustments. 
 

Selection of statistical methods for the study 
This study did not use traditional t-tests or nonparametric 
tests (e.g., Mann-Whitney U, Wilcoxon). Instead, it se-
lected the generalized estimating equation (GEE) for the 
following reasons. 

First, the data structure is special. The data have re-
peated measures (multiple matches from the same athlete). 
Traditional tests require independent observations, but re-
peated data have intra-cluster correlation. Ignoring it leads 
to biased standard errors and increased Type I error. GEE 
captures this correlation via a working correlation matrix, 
yielding reliable estimates (Zeger and Liang, 1986). 

Second, the research goal matches GEE. This study 
aims to estimate the population-averaged effect of five ath-
letes. GEE provides a population-average model (Gueor-
guieva, 2017). Its coefficients reflect changes in the popu-
lation mean when covariates change. This interpretation is 
consistent with “between-group mean difference” in tradi-
tional tests, but GEE handles correlated data better. Com-
pared to subject-specific models, GEE is more suitable for 
our population-effect question (Zeger et al.,1988). 

Third, GEE is robust. GEE is a semiparametric ap-
proach. It does not require specifying the full joint distri-
bution of observations, only the marginal mean model. 
Even if the working correlation matrix (e.g., exchangeable 
structure) is misspecified, as long as the mean model is cor-
rect, the regression coefficients remain consistent. Moreo-
ver, the standard errors can be corrected using a robust 
sandwich variance estimator (Zeger et al.,1988; Hardin and 
Hilbe, 2002). This makes GEE results more trustworthy 
than tests relying on specific distributional assumptions. 

 
 

 
 

Figure 4. Differences in usage rates of “placement→technique” combinations between Player A and Player B across two 
matches. A positive difference indicates a higher usage rate in the second match compared to the first, while a negative difference indicates a lower 
usage rate.  
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In summary, given the repeated-measures design and the 
need for population-effect inference, GEE better reflects 
the underlying data structure. Therefore, GEE was chosen 
as the main analytical method for this study. 
 
Limitations 
The sample in this study was limited to Chinese U15 fe-
male players, and therefore the results may not be general-
izable to other age groups or genders. Future research could 
expand the study population to include youth male players 
as well as elite adult male and female players, and could 
also incorporate comparisons of physical fitness and psy-
chological factors. This would help make training matches 
more comparable to international competitions, thereby en-
hancing the effectiveness of training for elite table tennis 
players. 

Although training and formal competition are 
closely related in terms of performance objectives and 
technical demands, they constitute fundamentally different 
contextual environments, and multiple factors may influ-
ence players’ technical and tactical decision-making pro-
cesses within them. First, individual differences in playing 
style may lead players to adopt different technical and tac-
tical choices across contexts. Second, in training settings, 
players are typically familiar with their training partners, 
and such familiarity may alter tactical judgment and behav-
ioral patterns. Third, compared with training environments, 
formal competition is generally associated with higher 
competitive intensity and may involve greater psychologi-
cal demands; these contextual differences may further in-
fluence the use of technical and tactical actions and the un-
derlying decision-making processes. Therefore, these po-
tential influencing factors were not fully controlled or sys-
tematically addressed in the present study, which may im-
pose certain limitations on the interpretation and generali-
zability of the findings. 

Additionally, a limitation of this study is that the 
GEE (Generalized Estimating Equations) analysis was 
based on only five clusters (K = 5). Since GEE relies on 
large-sample asymptotic properties, the limited number of 
clusters may reduce the reliability of standard error esti-
mates and p-values and may affect Type I error control. 
Therefore, the statistical significance of the findings should 
be interpreted with caution. Future studies with a larger 
number of clusters are needed to further validate these find-
ings. 

Another limitation is that the inter-rater reliability 
values reported for the observational coding system were 
derived from a previous validation study (Zhang and Zhou, 
2017) rather than from the dataset newly coded in the pre-
sent study. Although the current study adopted the same 
standardized coding framework, operational definitions, 
and observation protocol, reliability assessment based on 
the present dataset would provide stronger evidence for 
coding consistency. Further research should evaluate inter-
rater reliability using newly collected datasets to confirm 
the robustness of the observational framework. 
 

Conclusion 
 

This study employed inferential statistics, heat map analy- 

sis, and generalized estimating equations to compare the 
technical and tactical applications of elite U15 female table 
tennis players in training matches and international compe-
titions. The results indicate that, when the scoring rate, us-
age rate, and effectiveness of stroke sequence and stroke 
technique were examined as independent factors, the dif-
ferences between training matches and international com-
petitions were minimal. However, further analyses re-
vealed substantial differences at more complex relational 
levels, including the combined use of ball placement and 
stroke technique, as well as the magnitude of the effects of 
stroke sequence and stroke technique on match-winning 
probability. 
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Key points

•  Training and international matches differed mainly in 
placement-technique combinations. 

•  Training emphasized short-area control and early strokes, 
while international competition relied more on back-
hand long-area attacks and later strokes. 

•  Training should strengthen offensive initiation, rally tran-
sitions, and competition simulation. 
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