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Abstract

Although three-cushion billiards is a sport that requires a high level of technical skill, tactical decision-making, and precise motor control, 
scientific studies investigating the relationship between shot duration and performance indicators in elite players remain limited. Therefore, 
this study aimed to investigate the competition performance of elite three-cushion billiards players. A total of 3228 shots from 52 matches 
involving four elite players who were selected for the Turkish national team were analyzed using video-based performance analysis and a 
sport-specific match observation form. Data were analyzed using SPSS 22.0. Statistical tests included the Kolmogorov–Smirnov test, 
independent-samples Student’s t-test, Mann–Whitney U test, one-way ANOVA with Tamhane post-hoc test, chi-square with continuity 
correction, and Pearson chi-square test. The results showed that mean shot duration did not differ significantly between won and lost matches 
(p > 0.05). A significant association was found between shot duration and shot success (p < 0.01), with successful shots occurring in shorter 
times than unsuccessful ones. First object ball preference did not affect shot duration (p > 0.05) or scoring success (p > 0.05). In addition, 
significant associations were found between first object ball selection and shot type (p < 0.01), and between shot type and scoring success (p 
< 0.01). The findings suggest that successful shots were generally completed within shorter durations, with scoring shots averaging 
approximately 24s. 

Keywords: Cue sports, match analysis, performance analysis, shot duration, three-cushion billiards 

Elit üç-bant bilardo oyuncularının maç performans analizi 

Öz 

Üç bant bilardo, yüksek düzeyde teknik beceri, taktiksel karar verme ve hassas motor kontrolü gerektiren bir spor dalı olmasına rağmen, elit 
sporcularda vuruş süresi ile performans göstergeleri arasındaki ilişkiyi inceleyen bilimsel çalışmalar oldukça sınırlıdır. Bu nedenle bu çalışmada, 
elit üç bant bilardo sporcularının müsabaka performansları incelenmiştir. Türkiye milli takımına seçilen dört elit sporcunun yer aldığı 52 
müsabakada gerçekleştirilen toplam 3228 vuruş, video tabanlı performans analizi ve spora özgü bir müsabaka gözlem formu kullanılarak analiz 
edilmiştir. Veriler SPSS 22.0 programı kullanılarak değerlendirilmiştir. İstatistiksel analizlerde Kolmogorov–Smirnov testi, Student t-testi, Mann–
Whitney U testi, Tamhane post-hoc testi ile birlikte tek yönlü varyans analizi (ANOVA), süreklilik düzeltmeli ki-kare testi ve Pearson ki-kare testi 
kullanılmıştır. Sonuçlar, time-out süreleri dâhil edildiğinde veya hariç tutulduğunda, kazanılan ve kaybedilen müsabakalar arasında ortalama 
vuruş süresi açısından anlamlı bir farklılık bulunmadığını göstermiştir (p > 0,05). Vuruş süresi ile sayı olma durumu arasında anlamlı bir ilişki 
bulunmuş (p < 0,01) ve başarılı vuruşların başarısız vuruşlara göre daha kısa sürede gerçekleştirildiği belirlenmiştir. Çıkış topu tercihi, ne vuruş 
süresini (p > 0,05) ne de sayı olma başarısını (p > 0,05) etkilemiştir. Buna ek olarak, çıkış topu seçimi ile vuruş çeşidi arasında (p < 0,01) ve vuruş 
çeşidi ile sayı olma başarısı arasında (p < 0,01) anlamlı ilişkiler bulunmuştur. Bulgular, başarılı vuruşların genel olarak daha kısa sürelerde 
gerçekleştirildiğini ve sayı ile sonuçlanan vuruşlarda ortalama vuruş süresinin yaklaşık 24 saniye olduğunu göstermektedir. 

Anahtar Kelimeler: Istaka sporları, maç analizi, performans analizi, üç bant bilardo, vuruş süresi 

INTRODUCTION 

Billiards is a sport with a long historical tradition that attracts many licensed players and enjoys widespread global interest. 
It is considered a potential candidate for inclusion in the Olympic program (Abou Elmagd, 2019). The sport comprises several 
disciplines that are governed and organized separately at the international level (Strafford et al., 2025). Unlike many sports that 
primarily depend on physical capacity, billiards is a skill-based activity requiring precision, concentration, strategic thinking, 
visual control, and fine motor coordination (Di Corrado et al., 2015). Among the different billiards disciplines, three-cushion 
billiards is one of the most technically demanding. The game is played on a pocketless table with three balls, and a point is  
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scored when the cue ball contacts at least three cushions before striking the remaining two balls (Union Mondiale de Billard, 
1989; Cohen, 2002). The objective is to reach the predetermined score before the opponent. 

A distinctive characteristic of three-cushion billiards is the time regulation applied during competition. Players are allowed 
a maximum of 40 s to execute a shot after all balls have come to rest. Failure to perform a shot within this period results in a 
foul and loss of turn. To extend the available decision time, players may use a limited number of time-outs during a match. When 
a time-out is declared and approved by the referee, an additional 40 s is added to the remaining shot time. Depending on the 
competition regulations, players may use two or three time-outs during a match (Union Mondiale de Billard, 2016). In the 
matches examined in the present study, each player was entitled to three time-outs. 

The time constraint inherent to three-cushion billiards introduces a distinctive cognitive and motor challenge. In self-paced, 
closed-skill sports, where the task environment is stable and the athlete controls the timing of execution, the pre-execution 
preparation phase plays a critical role in performance. Research across sports such as golf, shooting, and darts has consistently 
shown that the duration and quality of pre-performance preparation influence execution outcomes (Kornfeind et al., 2015; Kong 
et al., 2021). In particular, pre-performance routines that structure cognitive and behavioral preparation prior to a skill 
execution have been shown to improve consistency and accuracy in closed-skill sports (Rupprecht et al., 2024). Given that three-
cushion billiards share fundamental characteristics with such sports, including a self-paced, individualized, precision-based 
execution environment, it is reasonable to expect that shot duration, as a proxy for preparation time, may be meaningfully 
related to performance outcomes.  

Three-cushion billiards present players with an almost unlimited number of positional situations. Regardless of ball 
placement, several shot options are usually available, and players must determine and execute the most appropriate one to 
score. The decision-making process occurs under time pressure, which has been identified in both sport science and behavioral 
research as a factor that can accelerate response behavior while simultaneously increasing the risk of execution errors (Ötting 
et al., 2020). In professional darts, for instance, standardized task conditions and the absence of direct competitor interaction 
make the discipline a useful analog for examining performance under pressure in self-paced skill tasks, and empirical evidence 
from that context supports the view that pressure effects on performance are individual and task-specific (Ötting et al., 2020). 

The present study focuses on elite three-cushion billiards athletes. In sport science, the term “elite” is used to describe 
athletes competing at national or international level, whose performance has reached the highest tiers of their sport (McAuley 
et al., 2022). In the present study, the participants were members of the Turkish national billiards team, selected based on 
national championship rankings, a criterion consistent with established frameworks for defining elite status (McAuley et al., 
2022). 

Despite the popularity of billiards and its various disciplines, scientific studies investigating competitive performance in 
billiards remain limited. Existing research has examined biomechanical aspects of the cueing movement (Pan et al., 2023; Pan 
et al., 2024), skill testing protocols (Pan et al., 2021a), game outcome prediction (Pan et al., 2021b), and motor learning in pool 
billiards (Haar et al., 2020), but evidence regarding shot-duration characteristics during competition, and specifically the 
relationship between shot duration and match or shot outcome, is scarce (Strafford et al., 2025). 

Performance analysis has been widely used in sports science to identify factors associated with successful competition 
outcomes. Match observation forms and video-based analyses have been applied in various sports to evaluate performance-
related variables and competition characteristics (Sarmento et al., 2022). However, similar approaches have rarely been applied 
to three-cushion billiards. Therefore, the present study aimed to investigate the competition performance of elite three-cushion 
billiards players by examining the relationships among shot duration, shot success, shot type, first object ball preference, and 
match outcome. By analyzing official competition data from elite players, this study seeks to clarify how shot-duration 
characteristics and shot-related variables are associated with successful performance. To the authors’ knowledge, this is one of 
the first studies to examine these performance-related variables simultaneously in official three-cushion billiards competition. 
The findings may contribute to a better understanding of competition behavior in elite three-cushion billiards players and 
provide practical implications for athletes and coaches. 

METHOD 

This study employed a quantitative, descriptive design based on video analysis of archived official competition recordings. 
The dataset comprised match performance records of four elite three-cushion billiards athletes selected for the Turkish national 
team in 2018. The matches analyzed were those that formed the basis of their national team selection, covering all stages of the 
2017 Turkey Three-Cushion Billiards Championship. The study population consisted of 57 matches played by these four 
athletes across four competition stages (Table 1). 

Study design and sample 

Cohen (1992) recommends power analysis to determine adequate sample size. Based on mean and standard deviation 
values identified in comparable studies, a power analysis indicated that 40 matches played by four athletes were sufficient at 
95% con-fidence and ≥80% statistical power.  
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As the study involved the analysis of competition performance data obtained from video recordings of human participants, 
ethical approval was obtained from the Ondokuz Mayıs University Clinical Research Ethics Committee (Decision No. 
B.30.2.ODM.0.20.08/617). 

The study population consisted of 57 matches played by the four athletes during the 2017 Turkish Three-Cushion Billiards 
Championship stages. However, only matches with available video recordings were eligible for analysis. As a result, 52 of the 
57 matches were included in the study, while five matches were excluded due to the absence of video recordings. These 52 
matches involved the four national team athletes and yielded 55 match-performance datasets. Although 52 matches were 
analyzed, 55 match-performance datasets were obtained because the selected athletes competed against each other on three 
occasions. Since the opposing athletes were not within the scope of the study, only the performance data of the four selected 
athletes were included in the analyses. 

Table 1. Distribution of competitions comprising the study population by athlete 

                                                                       Match Count 

Athlete* Stage 1 Stage 2 Stage 3 Stage 4 Total 

1 4 4 5 5 18 
2 2 4 1 7 14 
3 2 4 4 5 15 
4 5 1 1 3 10 

Total 13 13 11 20 57 

*Athlete 1 was the 2017 Turkish Champion; Athlete 2 was the 2017 Turkish Runner-Up; Athletes 3 and 4 were ranked third in the 2017 Turkish 
Three-Cushion Billiards Championship. 

Data collection tools 

Competition records published by the Turkish Billiards Federation and its authorized online platforms were used as the 
primary data source. These records consisted of archived broadcasts of official matches and were publicly available for repeated 
viewing. The links to all matches included in the study were recorded, and the corresponding video files were downloaded and 
stored for analysis. The video recordings clearly displayed all variables examined in the study and represented official 
competition records. Furthermore, these recordings are routinely used by the Turkish Billiards Federation for referee 
evaluations and the review of disputed decisions, supporting their validity and reliability as a data source. 

The dataset was restricted to matches played in the Men’s Division of the 2017 Turkish Three-Cushion Billiards 
Championship. Throughout the analyses, the effects of spin, ball-contact thickness, and shot tempo were assumed to be constant. 

Data collection method 

A match observation form specifically designed for three-cushion billiards was developed to align with the study’s purpose. 
The form was used to systematically record performance-related variables obtained from the video analyses. The recorded 
variables included match number, athlete identification number, shot number, shot duration, shot success, time-out usage, 
score, inning number, inning average, mean shot duration, and total number of shots. 

All matches included in the sample were analyzed using a video-based observation method. The stop-and-review technique 
was employed to examine each shot and record the relevant performance variables. The collected data were entered into the 
match observation forms and subsequently compiled into a dataset for statistical analysis. 

The suitability of the match observation form for addressing the research objectives was evaluated through expert review. 
To enhance the reliability and consistency of the data collection process, each match was observed twice by the researcher. 
Furthermore, all observations were conducted in consultation with an expert in the field to minimize potential recording errors 
and improve data accuracy. 

Data analysis 

 The dataset obtained from the match observation forms was analyzed using IBM SPSS Statistics version 22.0 (IBM Corp., 
Armonk, NY, USA). The normality of the data was assessed using the Kolmogorov–Smirnov test. Descriptive statistics were 
presented as mean and standard deviation for normally distributed variables and as median, mode, minimum, maximum, mean, 
and standard deviation for non-normally distributed variables. 

For inferential analyses, independent-samples Student’s t-tests and one-way analysis of variance (ANOVA) were applied to 
normally distributed variables. When the homogeneity of variance assumption was violated, pairwise comparisons were 
performed using the Tamhane post hoc test. For non-normally distributed variables, the Mann–Whitney U test was used. 

Associations between categorical variables were evaluated using chi-square tests. The continuity-corrected chi-square test 
was applied when expected frequencies exceeded five, and the contingency table was 2 × 2, whereas Pearson’s chi-square test 
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was used for larger contingency tables. In addition, frequencies, percentages, and totals were calculated where appropriate. 
Statistical significance was set at p < 0.05. 

FINDINGS 

Shot duration characteristics 

The descriptive statistics presented in Table 2 were derived from an analysis of 3228 shots from 52 matches played by four 
athletes who represented the Turkish national three-cushion billiards team in 2018. The analyzed matches comprised all stages 
of the 2017 Turkish Three-Cushion Billiards Championship and served as the basis for national team selection. 

Table 2. Descriptive statistics regarding the use of shot duration 

Statistical Measure Shot Duration (s)  

Total  82570 
Mean 25.58 

Standard Deviation (SD) 10.26 
Median 24.71 
Mode 27 

Min-Max 5–80 

For the 3228 analyzed shots, the mean shot duration was 25.58 ± 10.26 s, the median shot duration was 24.71 s. The most 
frequently observed shot duration was 27 s. Across all matches, the shortest shot duration was 5 s and the longest was 80 s. The 
3228 shots were completed in a total of 82,570 s (Table 2). The distribution of all shots by shot duration is shown in Fig. 1. 

 

Fig 1. Frequency distribution of shot duration across all analyzed shots (n = 3228) 

The distribution was positively skewed, with the majority of shots concentrated between 20 and 35 s, peaking at around 27 
s. The right-skewed shape appears to be attributable to shots exceeding 40 s. Consequently, a relatively small number of 
prolonged shots formed the extended right tail of the distribution (Fig 1). 

Match and shot outcomes 

Among the 55 match-performance datasets, 42 (79.4%) corresponded to wins and 13 (20.6%) to losses, indicating a 
relatively high winning rate among the athletes analyzed. Among the 3228 analyzed shots, 2058 (63.8%) were successful, 
whereas 1170 (36.2%) were unsuccessful. Among the 3228 analyzed shots, the red ball was selected as the first object ball in 
1566 shots (48.5%), whereas the other object ball (white/yellow) was selected in 1662 shots (51.5%). The proportions were 
similar, indicating that neither first object ball was markedly preferred over the other.  

Shot type distribution 

A total of 18 distinct shot types were identified across 3228 shots. The most frequently executed shot was the Reverse 
Around the Table Shot (Ters Turnike), accounting for 26.5% of all shots (f = 857), followed by the Outside Angle Shot (Dış 
Havuz); 13.3%, f = 430) and the Five Rail Shot (Beş Bant); 10.4%, f = 337). Together, these three shot types accounted for 
approximately 50% of all shots. The remaining 15 shot types each accounted for less than 10% individually, with the least 
frequently used being the Double Shot Zigzag Shot (Testere); 0.03%, f = 1), Umbrella Shot (Şemsiye); 0.1%, f = 3), and Lace Shot 
(Dantel); 0.1%, f = 4). Shot type names are translated from Turkish into English, following established carom billiards 
terminology. Turkish original names are provided in italics for reference.  
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Shot duration and match outcome  

The first analysis examined whether mean shot duration differed between won and lost matches. The results are presented 
in Table 3. 

Table 3. Comparison of mean shot duration between won and lost matches 

Statistical Measure Win  Loss U p 

Mean (s) 25.65 25.34   
SD 3.47 3.38   

Median (s) 25.41 26.09 266.00 0.890 
Minimum (s) 18.74 19.71   
Maximum (s) 32.66 29.83   

The mean shot duration was 25.65 ± 3.47 s in won matches and 25.34 ± 3.38 s in lost matches. The minimum mean shot 
duration was 18.74 s for won matches and 19.71 s for lost matches, whereas the maximum mean shot duration was 32.66 s and 
29.83 s, respectively. Overall, similar mean shot durations were observed in won and lost matches. The Mann–Whitney U test 
revealed no statistically significant difference in mean shot duration between won and lost matches (U = 266.00, p = 0.890). 

Shot success and shot duration  

Shot duration was compared according to shot success (Table 4). The mean shot duration was 23.84 ± 9.16 s for shots 
resulting in a score and 28.64 ± 11.33 s for shots that did not result in a score. 

Table 4. Comparison of shot duration between successful and unsuccessful shots. 

Statistical Successful Shots Unsuccessful Shots t p  

Number of Shots (n) 2058 1170    
Mean (s) 23.84 28.64 -12.368 0.000***  

SD 9.16 11.33    

***=p<0.001 

A statistically significant difference in shot duration was observed between successful and unsuccessful shots (t = −12.368, 
p < 0.01). Successful shots were completed in a shorter time than unsuccessful shots. 

Effect of shot type on shot duration 

The overall mean shot duration for the 3228 analyzed shots was 25.58 ± 10.26 s. Shot duration differed significantly among 
shot types (F = 29.631, p < 0.001). The shortest mean shot duration was observed for the Inside Angle Shot (İç Havuz; 22.21 ±  
8.76 s), followed by the Reverse Around the Table Shot (Ters Turnike; 22.45 ± 8.77 s) and the Outside Angle Shot (Dış Havuz; 
23.83 ± 8.38 s). In contrast, the longest mean shot duration was observed for the Kick Shot (Brikol; 33.04 ± 11.63 s), followed 
by the Other category (31.38 ± 16.75 s), the Zigzag Shot (Zikzak; 30.51 ± 13.32 s), the Vienna Shot (Viyana; 30.45 ± 7.24 s), and 
the One Rail Shot (Tek Bant; 30.41 ± 13.15 s). 

Table 5. Effect of shot type on shot duration 

Shot Type Number of Shots (n) Mean SD Post-hoc Comparisons 

Reverse Around 
the Table Shot (a) 

857 22.45 8.77 < b, c, g, h, i, k, l, m** 

Direct Around 
the Table Shot (b) 

234 27.12 9.95 > a, e, f** ; < c** 

Kick Shot (c) 258 33.04 11.63 > a, b, d, e, f, g, h, i, j** 
Avanta Shot (d) 52 25.33 8.12 < c, l* 

Inside Angle Shot (e) 257 22.21 8.76 < b, g, i, j, k, l, m**; < c, h* 
Outside Angle Shot (f) 430 23.83 8.38 < b, g, i, j, k, l, m** 

Ajem Shot (g) 187 27.59 10.22 > a, e, f**; < c** 
Five Rail Shot (h) 337 25.00 10.01 > a**; > e*; < c, k, l, m** 

Cut Shot (i) 250 27.25 10.04 > a, e, f**; < c** 
Efekare Shot (j) 70 25.10 8.39 > e**; < c, l** 
Zigzag Shot (k) 101 30.51 13.32 > a, e, f, h** 
Vienna Shot (l) 77 30.45 7.24 > a, d, e, f, h, i** 

One Rail Shot (m) 100 30.41 13.15 > a, e, f, h** 
Other1 (n) 18 31.38 16.75 - 

Total 3228 25.58 10.26  

Note. > = significantly higher than the indicated group(s); < = significantly lower than the indicated group(s). *p < 0.05; **p < 0.01. 

ANOVA results: SS (Sum of Squares) = 36,359.522; df (degrees of freedom) = 13; MS (Mean Square) = 2.796.886; F = 29.631; 
p < 0.001. Other (n) consisted of Umbrella Shot (n = 3), Four Rail Shot (n = 5), Lace Shot (n = 4), Double Zigzag Shot (n = 1), and 
Seven Rail Shot (n = 5). 
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The mean shot durations for the Inside Angle Shot (İç Havuz), Reverse Around the Table Shot (Ters Turnike), Outside Angle 
Shot (Dış Havuz), Five Rail Shot (Beş Bant), Efekare Shot (Efekare), and Avanta Shot (Avanta) were lower than the overall mean 
shot duration. Conversely, the mean shot durations for the Direct Around the Table Shot (Düz Turnike), Cut Shot (Kesme), Ajem 
Shot (Acem), One Rail Shot (Tek Bant), Vienna Shot (Viyana), Zigzag Shot (Zikzak), the Other category, and the Kick Shot (Brikol) 
were higher than the overall mean shot duration. A one-way ANOVA revealed a statistically significant effect of shot type on 
shot duration (F = 29.631, p < 0.001). Subsequent Tamhane post hoc analyses demonstrated multiple significant pairwise 
differences between shot types; details are presented in Table 5. 

First object ball preference and shot duration 

Shot duration was compared according to first object ball preference (Table 6). The mean shot duration was 25.43 ± 10.43 
s for shots initiated with the red ball and 25.72 ± 10.10 s for shots initiated with the other object ball (white/yellow). 

Table 6. Effect of first object ball preference on shot duration 

Statistical  Red Ball  Other Ball (White/Yellow) t p  
Number of Shots (n) 1566 1662    

Mean (s) 25.43 25.72 -0.813 0.416  
SD 10.43 10.10    

The independent-samples t-test revealed no statistically significant difference in shot duration between the two first object 
ball preferences (t = −0.813, p = 0.416). These findings indicate that first object ball preference did not significantly affect shot 
duration. 

Association between first object ball preference and shot success 

The association between first object ball preference and shot success was examined (Table 7). Of all analyzed shots, 48.5% 
were initiated with the red ball and 51.5% with the other object ball (white/yellow).  

Table 7. Association between first object ball preference and shot success 

First Object Ball  Successful, n (%)  Unsuccessful, n (%) Total, n 𝝌𝟐 p 

Red Ball 1016 (64.9) 550 (35.1) 1566   
Other Ball (White/yellow) 1042 (62.7) 620 (37.3) 1662 1.570 0.210 

Total 2058 (63.8) 1170 (36.2) 3228   

Among the shots initiated with the red ball, 64.9% resulted in a score, whereas 35.1% did not result in a score. Similarly, 
among shots initiated with the other object ball, 62.7% resulted in a score and 37.3% did not. 

The chi-square analysis revealed no statistically significant association between first object ball preference and shot success 
(χ² = 1.570, p = 0.210). These findings indicate that first object ball preference did not significantly affect the probability of 
scoring. 

Association between first object ball preference and shot type 

Table 8. Association between first object ball preference and shot type 

Shot Type Statistic Red Ball 
Other Ball 

(White/Yellow) 
Total 𝝌𝟐 p 

Reverse Around 
the Table Shot 

n 
Shot type (%) 

First object ball (%) 

447 
52.2 
28.5 

410 
47.8 
24.7 

857 
100.0 
26.5 

 

Direct Around 
the Table Shot 

n 
Shot type (%) 

First object ball (%) 

121 
51.7 
7.7 

113 
48.3 
6.8 

234 
100.0 

7.2 

Kick Shot 
n 

Shot type (%) 
First object ball (%) 

109 
42.2 
7.0 

149 
57.8 
9.0 

258 
100.0 

8.0 

Avanta Shot 
n 

Shot type (%) 
First object ball (%) 

17 
32.7 
1.1 

35 
67.3 
2.1 

52 
100.0 

1.6 

Inside Angle Shot 
n 

Shot type (%) 
First object ball (%) 

125 
48.6 
8.0 

132 
51.4 
7.9 

257 
100.0 

8.0 
  

Outside Angle Shot 
n 

Shot type (%) 
First object ball (%) 

213 
49.5 
13.6 

217 
50.5 
13.1 

430 
100.0 
13.3 
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The distribution of shot types by first-object ball preference was examined (Table 8). Overall, the red ball was selected as 
the first object ball in 48.5% of all analyzed shots, whereas the other object ball (white/yellow) was selected in 51.5% of the 
shots.  

Continuation of Table 8. Association between first object ball preference and shot type  

Shot Type Statistic Red Ball Other Ball (White/Yellow) Total 𝝌𝟐

 

p 

Ajem Shot 
n 

Shot type (%) 
First object ball (%) 

103 
55.1 
6.6 

84 
44.9 
5.1 

187 
100.0 

5.8 

 

Five Rail Shot 
n 

Shot type (%) 
First object ball (%) 

170 
50.4 
10.9 

167 
49.6 
10.0 

337 
100.0 
10.4 

Cut Shot 
n 

Shot type (%) 
First object ball (%) 

107 
42.8 
6.8 

143 
57.2 
8.6 

250 
100.0 

7.7 

Efekare Shot 
n 

Shot type (%) 
First object ball (%) 

32 
45.7 
2.0 

38 
54.3 
2.3 

70 
100.0 

2.2 

Zigzag Shot 
n 

Shot type (%) 
First object ball (%) 

51 
50.5 
3.3 

50 
49.5 
3.0 

101 
100.0 

3.1 
40.690 0.000*** 

Vienna Shot 
n 

Shot type (%) 
First object ball (%) 

37 
48.1 
2.4 

40 
51.9 
2.4 

77 
100.0 

2.4 
  

One Rail Shot 
n 

Shot type (%) 
First object ball (%) 

29 
29.0 
1.9 

71 
71.0 
4.3 

100 
100.0 

3.1 
  

Other1 
n 

Shot type (%) 
First object ball (%) 

5 
27.8 
0.3 

13 
72.2 
0.8 

18 
100.0 

0.6 
  

Total 
n 

Shot type (%) 
First object ball (%) 

1566 
48.5 

100.0 

1662 
51.5 

100.0 

3228 
100.0 
100.0 

  

1Other category consisted of Umbrella Shot (n = 3), Four Rail Shot (n = 5), Lace Shot (n = 4), Double Shot Zigzag Shot (n = 1), and 
Seven Rail Shot (n = 5).  **=p<0,01  

     Based on the proportional distribution within each shot type, the red ball was more frequently selected as the first object ball 
for the Reverse Around the Table Shot (Ters Turnike), Direct Around the Table Shot (Düz Turnike), Ajem Shot (Acem), Five Rail 
Shot (Beş Bant), and Zigzag Shot (Zikzak). In contrast, the other object ball was more frequently selected for the Kick Shot 
(Brikol), Avanta Shot (Avanta), Inside Angle Shot (İç Havuz), Outside Angle Shot (Dış Havuz), Cut Shot (Kesme), Efekare Shot 
(Efekare), Vienna Shot (Viyana), One Rail Shot (Tek Bant), and the Other category. 

The chi-square analysis revealed a statistically significant association between first object ball preference and shot type (χ² 
= 40.690, p < 0.001). 

Association between shot type and shot success 

The association between shot type and shot success was examined (Table 9). Overall, 63.8% of all analyzed shots resulted 
in a score, while 36.2% did not. 

Table 9. Association between shot type and shot success 

  Shot Success    

Shot Type Statistic Successful Unsuccessful Total 𝝌𝟐

 

p 

Reverse Around 
the Table Shot 

n 
Shot type (%) 

First object ball (%) 

666 
77.7 
32.4 

191 
22.3 
16.3 

857 
100.0 
26.5 

 
Direct Around 
the Table Shot 

n 
Shot type (%) 

First object ball (%) 

137 
58.5 
6.7 

97 
41.5 
8.3 

234 
100.0 

7.2 
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Continuation of Table 9. Association between shot type and shot success 

  Shot Success    

Shot Type Statistic Successful Unsuccessful Total 𝝌𝟐

 

p 

Kick Shot 
n 

Shot type (%) 
First object ball (%) 

111 
43.0 
5.4 

147 
57.0 
12.6 

258 
100.0 

8.0 
 

Avanta Shot 
n 

Shot type (%) 
First object ball (%) 

34 
65.4 
1.7 

18 
34.6 
1.5 

52 
100.0 

1.6 

Inside Angle Shot 
n 

Shot type (%) 
First object ball (%) 

189 
73.5 
9.2 

68 
26.5 
5.8 

257 
100.0 

8.0 
  

Outside Angle Shot 
n 

Shot type (%) 
First object ball (%) 

286 
66.5 
13.9 

144 
33.5 
12.3 

430 
100.0 
13.3 

 
 

 

Ajem Shot 
n 

Shot type (%) 
First object ball (%) 

108 
57.8 
5.2 

79 
42.2 
6.8 

187 
100.0 

5.8 
200.423 0.000** 

Five Rail Shot 
n 

Shot type (%) 
First object ball (%) 

208 
61.7 
10.1 

129 
38.3 
11.0 

337 
100.0 
10.4 

  

Cut Shot 
n 

Shot type (%) 
First object ball (%) 

156 
62.4 
7.6 

94 
37.6 
8.0 

250 
100.0 

7.7 
  

Efekare Shot 
n 

Shot type (%) 
First object ball (%) 

30 
42.9 
1.5 

40 
57.1 
3.4 

70 
100.0 

2.2 
  

Zigzag Shot 
n 

Shot type (%) 
First object ball (%) 

48 
47.5 
2.3 

53 
52.5 
4.5 

101 
100.0 

3.1 
  

Vienna Shot 
n 

Shot type (%) 
First object ball (%) 

29 
37.7 
1.4 

48 
62.3 
4.1 

77 
100.0 

2.4 
  

One Rail Shot 
n 

Shot type (%) 
First object ball (%) 

46 
46.0 
2.2 

54 
54.0 
4.6 

100 
100.0 

3.1 
  

Other1 
n 

Shot type (%) 
First object ball (%) 

10 
55.6 
0.5 

8 
44.4 
0.7 

18 
100.0 

0.6 
  

Total 
n 

Shot type (%) 
First object ball (%) 

2058 
63.8 

100.0 

1170 
36.2 

100.0 

3228 
100.0 
100.0 

  

1Other category consisted of Umbrella Shot (n = 3), Four Rail Shot (n = 5), Lace Shot (n = 4), Double Shot Zigzag Shot (n = 1), and 
Seven Rail Shot (n = 5).  **=p<0,01  

Considering the contribution of each shot type to the total number of successful shots, the highest proportions of successful 
shots were observed for the Reverse Around the Table Shot (Ters Turnike), Outside Angle Shot (Dış Havuz), Five Rail Shot (Beş 
Bant), Inside Angle Shot (İç Havuz), and Cut Shot (Kesme). Similarly, the largest proportions of unsuccessful shots were 
associated with the Reverse Around the Table Shot (Ters Turnike), Kick Shot (Brikol), Outside Angle Shot (Dış Havuz), Five Rail 
Shot (Beş Bant), Direct Around the Table Shot (Düz Turnike), Cut Shot (Kesme), and Ajem Shot (Acem). 

When shot types were evaluated individually, the highest success rates were observed for the Reverse Around the Table 
Shot (77.7%), Inside Angle Shot (73.5%), Outside Angle Shot (66.5%), Avanta Shot (65.4%), Cut Shot (62.4%), Five Rail Shot 
(61.7%), Direct Around the Table Shot (58.5%), Ajem Shot (57.8%), and the Other category (55.6%). In contrast, the lowest 
success rates were observed for the Vienna Shot (37.7%), Efekare Shot (42.9%), Kick Shot (43.0%), One Rail Shot (46.0%), and 
Zigzag Shot (47.5%). 

The chi-square analysis revealed a statistically significant association between shot type and shot success ( 
𝜒2=200.423, p < 0.001). 
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DISCUSSION AND CONCLUSION 

The present study investigated shot-duration characteristics and their association with performance outcomes in elite three-
cushion billiards players by examining shot duration characteristics and shot type preferences across 3228 shots from 52 
matches. To the authors’ knowledge, this is one of the first studies to examine shot duration, shot success, shot type, and first-
object ball preference simultaneously in official three-cushion billiards competitions. 

Shot duration and match outcome 

The present study found no significant difference in mean shot duration between won and lost matches. Players used 
approximately 25 s per shot of the available time, regardless of the match outcome, suggesting that overall competitive success 
in elite three-cushion billiards is not directly associated with the time spent preparing individual shots and indicating that the 
standard time allowance was more than sufficient for elite performers.  

This finding may indicate that elite players possess highly developed perceptual-cognitive skills that enable efficient 
evaluation of table situations, independent of the eventual match outcome. Previous research in cue sports has shown that 
expertise is characterized by superior visual perception, anticipatory abilities, and strategic decision-making, all developed 
through extensive practice (Perry & Katz, 2015; Ötting et al., 2020; Kong et al., 2021). Consequently, players may reach similar 
decision-making efficiency regardless of whether they ultimately win or lose a match. This interpretation is consistent with 
evidence from professional darts, another self-paced precision sport, which shows that performance under pressure is task-
specific and may vary with the demands of the execution context (Lonsdale & Tam, 2008). 

The absence of a relationship between shot duration and match outcome also suggests that competition success in three-
cushion billiards depends on multiple factors beyond shot preparation time, including positional play, tactical decision-making, 
cue-ball control, consistency, and error management throughout the match. Therefore, although time management represents 
an important component of competitive performance, it does not appear to be a decisive determinant of match outcome among 
elite players. 

Shot duration and shot success 

One of the most practically relevant findings of the present study was the significant association between shot duration and 
shot success. Successful shots were completed in significantly shorter durations than unsuccessful shots (23.84 ± 9.16 s vs. 
28.64 ± 11.33 s; t = −12.368, p < 0.01). These findings indicate that shots completed within approximately 23–24 s are more 
likely to result in a point than those requiring longer preparation. 

This pattern is theoretically consistent with the pre-performance routine literature. Pre-performance routines, defined as 
systematic sequences of task-relevant thoughts and actions performed prior to skill execution, have been extensively studied in 
self-paced, closed-skill sports (Rupprecht et al, 2024). Research has shown that deviating from the behavioral or temporal 
structure of a well-established routine is associated with performance decrements (Jackson, 2003; Lonsdale & Tam, 2008). 
Specifically, Lonsdale and Tam demonstrated in a naturalistic study of NBA basketball players that adherence to a dominant 
behavioral pre-performance sequence was associated with significantly higher free-throw success rates (Lonsdale & Tam, 
2008). Similarly, Jackson (2003) found that concentration times increased with kick difficulty in international rugby union, and 
that under high situational pressure, when scores were close, players tended to take longer, reflecting the cognitive demands of 
higher-stakes execution. The present findings in billiards parallel these observations: longer shot durations may reflect 
heightened difficulty, uncertainty, or cognitive overload, all of which may impair the quality of execution. 

An additional explanatory framework is provided by the speed–accuracy tradeoff concept, which posits that under time 
pressure and elevated cognitive demand, response behavior may accelerate while simultaneously becoming more error-prone 
(Ötting et al., 2020). In three-cushion billiards, prolonged deliberation may reflect difficulty in selecting or committing to a shot 
option rather than providing additional execution benefit. Once a player surpasses a functional preparation threshold, 
additional time may introduce attentional diffusion or overthinking, phenomena documented across precision sports (Jackson, 
2003; Rupprecht et al., 2024). From a practical perspective, these findings suggest that coaches should incorporate time-
constrained practice drills into training programs to promote execution consistency within the 23–24 s range. 

Effect of shot type on shot duration 

Shot type had a statistically significant effect on shot duration (F = 29.631, p < 0.001), indicating that the nature of the shot 
selected meaningfully determines the amount of preparation time an elite player requires before execution. The shortest mean 
durations were observed for the Inside Angle Shot (22.21 ± 8.76 s), Reverse Around the Table Shot (22.45 ± 8.77 s), and Outside 
Angle Shot (23.83 ± 8.38 s), all of which fell below the overall mean of 25.58 s and, notably, within the 23–24 s range associated 
with higher scoring probability identified in Section 4.2. In contrast, the Kick Shot (33.04 ± 11.63 s), Zigzag Shot (30.51 ± 13.32 
s), Vienna Shot (30.45 ± 7.24 s), and One Rail Shot (30.41 ± 13.15 s) required considerably longer preparation, all exceeding 30 
s on average. 

This pattern suggests a meaningful distinction between two broad categories of shot in elite three-cushion billiards: 
geometrically familiar, high-frequency shots that can be prepared and executed rapidly, and technically complex or low-
frequency shots that demand extended deliberation. The shot types with the shortest durations, the Reverse Around the Table 



Pekdemir H and Akman T Journal of ROL Sport Sciences 8(2026) 2402 

 

10 

Shot, Inside Angle Shot, and Outside Angle Shot, are also among the most frequently executed (26.5%, 8.0%, and 13.3% of all 
shots, respectively; Table 5), suggesting that elite players develop a high degree of automaticity for these patterns through 
repeated exposure in training and competition. Automaticity in self-paced closed-skill sports has been associated with reduced 
pre-execution processing time and more consistent performance outcomes (Jackson, 2003; Rupprecht et al., 2024). 

Conversely, shot types such as the Kick Shot, Vienna Shot, and Zigzag Shot, which yielded the longest mean durations, also 
produced the lowest individual success rates (43.0%, 37.7%, and 47.5%, respectively). This convergence of longer duration and 
lower success rate across the same shot types reinforces the interpretation that technical complexity drives both extended 
preparation and reduced execution quality. The significant pairwise differences, as confirmed by Tamhane post hoc analyses 
further demonstrate that shot type is not merely a categorical label but a substantive performance variable that interacts with 
both preparation time and scoring outcome. 

When positional configurations permit a choice, athletes would therefore benefit from preferring shots executable within 
23–24 s over technically demanding alternatives that consume more preparation time without yielding a corresponding 
improvement in scoring probability. 

First object ball preference and shot duration 

The present study found no significant difference in shot duration by first object ball preference. Shots initiated with the red 
ball and those initiated with the other object ball required similar preparation times, indicating that object-ball selection did 
not influence the time required for shot planning and execution. In three-cushion billiards, shot difficulty is determined not only 
by the first object ball but also by the overall table configuration, cushion contacts, cue-ball trajectory, spin, speed, and positional 
requirements. Shot preparation time therefore appears to be more closely related to the complexity of the complete shot 
solution rather than to the identity of the first object ball. 

This interpretation is consistent with cue-sport expertise research showing that high-level players develop refined 
perceptual-cognitive and motor skills that support efficient evaluation of shot situations. Studies on cue sports have emphasized 
that expert performance depends on accurate perception of ball positions, effective planning of shot solutions, and consistent 
cueing execution rather than on isolated single-ball preferences (Kong et al., 2021; Pan et al., 2021a; Pan et al., 2024). Similarly, 
research on billiards shot planning has shown that selecting an appropriate shot involves evaluating cue-ball position, object-
ball interactions, and the subsequent positional outcome, indicating that shot choice is a multi-factorial process (Shih, 2012). 
Rather than spending more time on shots initiated with a particular ball, elite players appear to adjust their preparation 
according to the tactical and geometric demands of each position. 

Association between first object ball preference and performance outcome 

First object ball preference did not significantly affect shot success rate (𝜒2 = 1.570, 𝑝 = 0.210) with success rates of 64.9% 
for shots initiated with the red ball and 62.7% for those initiated with the other object ball, a difference of only 2.2 percentage 
points. The near-equal distribution of first object ball selection (48.5% red vs. 51.5% other) further supports the interpretation 
that shot selection at the elite level is governed primarily by positional geometry and tactical context rather than by ball color 
preference. Pan (2021b) similarly demonstrated in professional 9-ball competitions that spatial and geometric factors, rather 
than categorical shot-initiation choices, are the dominant determinants of performance in cue sports. Although the game format 
and scoring structure of 9-ball differ substantially from three-cushion billiards, the underlying principle is analogous. 

Although first object ball preference did not affect scoring success directly, a statistically significant association was found 
between first object ball preference and shot type (𝜒2 = 40.690, p < 0.001). The red ball was more frequently selected as the 
first object ball for the Reverse Around the Table Shot, Direct Around the Table Shot, Ajem Shot, Five Rail Shot, and Zigzag Shot, 
while the other object ball was more commonly selected for the Kick Shot, Inside Angle Shot, Outside Angle Shot, Cut Shot, 
Vienna Shot, One Rail Shot, and Avanta Shot. This pattern suggests that object ball selection is structurally linked to the shot 
pattern being executed, most likely reflecting the geometric constraints imposed by ball placement; that is, the identity of the 
first object ball is a consequence of shot type selection rather than an independent tactical decision. In other words, the identity 
of the first object ball is a consequence of shot type selection rather than an independent tactical decision. 

Shot type, in turn, was significantly associated with shot success(𝜒2= 200.423, p < 0.001). The highest individual success 
rates were observed for the Reverse Around the Table Shot (77.7%), Inside Angle Shot (73.5%), and Outside Angle Shot 
(66.5%), while the lowest were recorded for the Vienna Shot (37.7%), Efekare Shot (42.9%), and Kick Shot (43.0%). This 
approximately two-fold difference in success rate between the most and least successful shot types underscores the 
importance of shot type as a performance determinant. Collingwood et al. demonstrated in a simulation-based analysis of 
professional snooker that shot selection, specifically the choice between an attacking shot and a safety play, is a key strategic 
factor influencing frame outcome, and that technically demanding attacking options carry substantially higher execution risk 
(Collingwood et al., 2023). While the tactical context of snooker differs from three-cushion billiards, the fundamental principle 
is consistent with the present findings: certain shot types are inherently more demanding and yield lower success 
probabilities regardless of the performer’s overall skill level.  

When considered together, these findings describe an indirect pathway: table geometry determines both the available shot 
type and which object ball is geometrically accessible for the first contact, and the chosen shot type then determines the 
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probability of scoring. First object ball preference itself carries no independent predictive value for success. These results are 
consistent with findings from other precision and racket sports in which technical execution parameters are the primary drivers 
of performance outcome (Kornfeind et al., 2015; Kong et al., 2021; Sarmento et al., 2022).  

This study analyzed 3228 shots from official national-level competitions to examine the relationships among shot duration, 
shot success, shot type, and first object-ball preference in elite three-cushion billiards players. The findings demonstrated that 
mean shot duration did not differ between won and lost matches, whereas successful shots were completed in significantly 
shorter durations than unsuccessful shots. Shot duration and success rates also differed significantly across shot types, 
highlighting the influence of technical and tactical characteristics on competitive performance. Although first object ball 
preference was associated with shot type, it did not independently affect shot duration or scoring success — its role appears to 
be determined by the geometric demands of the table configuration rather than player strategy. 

Collectively, these results suggest that performance in three-cushion billiards is shaped not only by technical execution but 
also by the efficiency of perceptual-cognitive processes involved in shot selection and preparation. Coaches and athletes may 
benefit from emphasizing decision-making efficiency, pattern recognition, rapid tactical evaluation, and technical proficiency 
across all shot types, particularly those associated with lower success rates such as the Vienna Shot, Efekare Shot, and Kick Shot. 
Training environments that simulate competitive conditions and encourage rapid commitment to shot solutions may help 
players improve performance consistency. 

The study included only four elite athletes from the Turkish national team selection pool, limiting generalizability. Analyses 
were restricted to a single championship season, psychological variables were not directly measured, and the observational 
design precludes causal interpretations. Future studies should incorporate larger and more diverse samples, international 
tournament data, and additional performance determinants such as visual search behavior, positional play, cue-ball control, and 
psychological factors associated with performance under pressure. 
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