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Abstract 
 
The overall performance of a Volleyball team depends on many factors, 
from which decisive are considered to be the execution of skills that lead 
immediately to winning or losing the rally. These are lost serves, aces, kill-
attacks, attack errors and kill-blocks. The analysis of these skills in relation 
to team performance, as expressed by the ratio of sets won to the total 
number of sets, lead to the formation of two new correlates. These are the 
serving efficiency ratio (SER), defined as the ratio of lost serves to aces, 
and the attack efficiency ratio (AER), defined as the number of kill attacks 
divided by the sum of attack errors and kill-blocks. Analysis of the data 
collected from all the matches of the male A1 volleyball professional league 
of 2005-2006 in Greece proved that the two efficiency ratios were better 
predictors of the teams’ overall performance than the five original 
variables. The findings lead to clear-cut definitions of norms both for the 
serving and attack efficiency ratio. The leading teams had a SER of around 
two and an AER of around three. These criteria are valuable tools 
especially for Volleyball coaches in deciding for the appropriate tactics of 
their teams.   
 
Keywords: Volleyball, performance, serving efficiency ratio, attack 
efficiency ratio. 
 
 

1. Introduction 
 
The overall performance of a Volleyball team depends on many factors, from which the 
skills that lead immediately to winning or losing of the point are considered decisive. In 
Volleyball there are five decisive actions that lead immediately to winning or losing the 
rally; two of them are inherent to the execution of the serve and they are the serve aces 
and lost serves. The other three appear at the execution of attacks and they are the kill-
attacks, attack errors and attacks stopped by kill-blocks.  
 
Consider a game of Volleyball between teams A and B, the score being at a particular set 
24-23 in favour of team A. If team A wins the next rally it also wins the set, since the 
score will be 25-23. If team B wins the rally the teams will have to play up to 26 points, 
since the score will be 24-24. The difference between 25-23 and 24-24 is actually a two-
point difference, since it is the difference between both winning and losing a point. This 
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is the essence of the rally-point system that applies to the game of Volleyball as well as to 
a number of other games. In this sense a lost rally carries a negative weight practically 
equal to the positive weight of a won rally. Moving from the rally to the set, the team that 
wins the set is the team that has a better ratio of actions with a positive or negative 
outcome. Finally, the ratio of sets won to the total number of sets played by the team is 
considered to be the best reflector of the overall team performance. 
 
The above arguments advocate that the independent reporting of proportions of positive 
or negative actions may not convey a complete picture of a team’s or a player’s 
efficiency in the specific skill and consequently of the team’s overall performance. Up to 
date there have been several studies that attempted to correlate the effectiveness in 
specific skill with the overall team performance, aiming to evaluate the order of 
significance of  these skills.  
 
Eom and Schutz (1992) identified the performance of the attack and block as the most 
important skills for winning or losing a match in international level men’s volleyball, 
while   Palao et al. (2004), using data from the Olympic Games of Men and Women of 
Sydney in 2000, undertook the task to correlate performance in technical skills of 
Volleyball with team level. The results showed that in male teams there were statistically 
significant differences between the levels of teams in the skills of attack and block. The 
number of errors in all skills was inversely proportional to the level of the teams. 
 
Laios and Kountouris (2005) examined the changes in the effectiveness of technical skills 
of Volleyball after the application of the new regulations, through the comparison of the 
matches in two consecutive Olympiads of Sydney in 2000 and Athens in 2004. Five skills 
were recorded and analyzed (serve, reception, attack, block and defence). The results 
showed an increase in the effectiveness of jump serves, as well as a reduction of errors in 
the serve. There were no differences in the effectiveness of attack, except from a slight 
reduction in the proportion of lost attacks. The most important change was observed in 
the effectiveness of the block. In conclusion, practically all the teams displayed a 
reduction of errors in all the technical skills under consideration.  
 
In a most recent research, Lobieti et al. (2006) examined the relationships between 
performance parameters and final ranking in both male and female Italian A1 volleyball 
professional leagues. It was found that attack has to be considered the most important 
skill for men’s volleyball, followed by block and serve aces.  
 
It is evident that the approach in all the above studies was to examine separately the 
association between the proportion of positive and negative actions with overall team 
performance. The aim of the present study was to determine whether latent derivative 
parameters, computed from relative proportions of decisive actions that lead immediately 
to winning or losing the rally, can be better predictors than the original proportions of 
overall team’s performance in Volleyball expressed as the ratio of sets won to the total 
number of sets played by the team. 
 
 

150 
 



2. Method 
 
The primary data were collected from the Greek Men’s Volleyball Championship of 
2005-2006 with the participation of twelve teams in a two round system, so that each 
team played with each other, both home and away. This gives a total of 132 matches, in 
which 21570 points in 491 sets were played.  
 
By convention in the Greek Men’s Volleyball Championship every team has a 
specialized person responsible for the data entry of all the events during a match. All 
teams use the same computer software coding program that has been specifically 
designed for volleyball: Data Volley (Data Project, Salerno, Italy, Release 2.1.9).     
 
The primary dependent variable was the ratio of the number of sets won to the total 
number of sets played by the team (Set Ratio=SR). Also examined was the final ranking 
of the team. 
 
The five independent variables used in the analysis are from actions that immediately win 
or lose a point. Thus for each team there was the proportion of serves lost and serve aces 
to the total number of serves. From these two variables a new variable was formed, which 
was the ratio of serves lost to serve aces. From the total number of attacks for each team 
three proportions were taken into consideration: Attacks won, attacks lost, attacks 
stopped by kill-block. An attack can be immediately lost in two ways: either the ball hits 
the net or goes out of bounds, or the hitter is stopped by a kill-block. Therefore, from 
these three proportions a new ratio variable was formed with the attacks won divided by 
the sum of lost attacks and kill-blocks. In this manner the two new variables can be 
characterized as the serve efficiency ratio (SER) and attack efficiency ratio (AER). 
 
The validity and reliability of the data entry with regards to the five original independent 
variables were checked as follows: since practically all matches are video-recorded, a 
particular match day was randomly selected and all six matches of this match day were 
recoded into the program by an independent observer one week after the matches. 
Consequently this was an inter-observer analysis. The accordance of the recordings of the 
two observers for each of the variables used in the analysis was well above 95% that is 
usually set as a criterion of acceptance.  
 
Statistical analyses included Pearson’s and Spearman’s correlation coefficients and 
multiple stepwise linear regression models. Pearson’s correlations were employed when 
the independent variables (proportions or ratios) were compared with SR or with total 
points. Spearman’s rank correlations were used when comparing the teams’ final ranking 
with the ranking of the teams according to the proportion or ratio under investigation.  
Linear regression has been carried out to detect the relationship among the parameters 
and their decisive role in the success of a volleyball team. 
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3. Results 
 
Table 1 shows the final ranking of the teams according to their total points and their set 
ratio (SR). The correlation between total points and SR is practically a perfect one 
(r=0.996, p<0.01). There are, however, a couple of noteworthy discrepancies. Firstly, 
while teams 4 and 5 have the same SR (0.59), team 4 surpassed team 5 by two points. 
Secondly, while team 9 has a higher SR than team 8 (0.40 vs. 0.38), the team 9 gathered 
two points fewer (21 vs. 23).   An SR value more than 0.5 signifies that the team has won 
more sets than it has lost. As it can be seen from the table, this was accomplished by the 
first five teams according to the final rankings.   
 
Table 1. Final ranking of the teams according to their total points and their sets ratio 
(SR). 
Team ranking Points in ranking Total sets Sets won SR 
2 59 80 64 .80 
3 47 77 52 .68 
4 42 88 52 .59 
5 40 82 48 .59 
6 32 88 43 .49 
7 31 80 37 .46 
8 23 82 31 .38 
9 21 85 34 .40 
10 20 86 32 .37 
11 15 80 23 .29 
12 6 76 12 .16 
 
Table 2 shows the Pearson’s and Spearman’s correlations between the independent and 
dependent variables. The Pearson’s correlation coefficient between SR and the proportion 
of lost serves, although negative as it should be, is not strong (r=-.0385, p=0.217). A 
better correlation is observed between SR and the proportion of serve aces (r=0.664, 
p=0.019). A significantly improved correlation coefficient is observed between SR and 
SER (r=-0.823, p=0.001). This correlation coefficient is slightly better than the 
correlation coefficient of points in ranking with SER (r=-0.816, p=0.001). The 
Spearman’s correlations between the real rankings and the rankings according to the SER 
values are also significantly improved. 
 
Table 2. Pearson’s and Spearman’s correlations between the independent and dependent 
variables (* p<0.05, ** p<0.01). 
Play Outcome Points in ranking SR Spearman’s ρ 
Serve Aces  0.665*  0.664* 0.594* 

Lost -0.379 -0.385 0.329 
Lost/Aces (SER) -0.816** -0.823** 0.720** 

Attack Attacks won  0.889**  0.911** 0.874** 
Attack errors -0.703* -0.704* 0.720** 
Attacks blocked -0.793** -0.828** 0.741** 
AER  0.912**  0.932** 0.853** 
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The importance of SER as a predictor of the team’s performance is illustrated in Figure 1. 
The twelve numbered points, representing the twelve teams with their corresponding 
rankings, lie very close to a straight line with a negative slope, meaning that a decrease in 
SER is associated with an increase in SR and consequently with higher team ranking.  
With the exception of team 4, all teams that finished in the first five places and had won 
more sets than they had lost had a serve efficiency ratio (SER) less than 2.2, while all the 
other teams’ SER was higher than 2.5. 
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Figure 1. Scatter plot of serve efficiency ratio (SER) versus proportion of won sets by the 

teams. Numbers indicate the team’s ranking. 
 
The same is observed for the correlation coefficients between SR and the proportion of 
errors in attack (r=-0.704, p<0.05), the proportion of kill attacks (r=0.911, p<0.01) and 
the proportion of attacks killed by the opponents’ block (r=-0.828, p<0.01). An improved 
correlation coefficient is observed between SR and AER (r=0.932, p<0.001). Again this 
correlation coefficient is slightly better than the correlation coefficient of points in 
ranking with AER (r=0.912, p<0.001).  The importance of AER as a predictor of the 
team’s performance is illustrated in Figure 2. The twelve numbered points, representing 
the twelve teams with their corresponding rankings, lie very close to a straight line with a 
positive slope, meaning that an increase in SER is associated with an increase in SR and 
consequently with higher team ranking.  With the exception of team 4, all teams that 
finished in the first five places had an attack efficiency ratio (AER) higher than 3. 
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Figure 2. Scatter plot of attack efficiency ratio (AER) versus proportion of won sets by 
the teams. Numbers indicate the team’s ranking. 

 
The linear regression model of SR as the dependent variable and AER and SER as the 
independent variables produced the following linear equation:     
 
SR=0.001 + 0.272 X AER – 0.087 X SER  
 
The multiple R of the regression model was 0.940 (p<0.001), giving an R2=0.884, which 
means that 88.4% of the variance of the dependent variable is explained by the variability 
of the two independent variables. Furthermore, the intercept of the equation is practically 
equal to 0 (a=0.001).  
 
 
4. Discussion 
 
The present study employed a novel approach in the quantification of the predictability of 
overall team performance in Volleyball through combinations of absolute frequencies of 
positive and negative decisive actions. The findings showed that serve efficiency ratio, 
defined as the ratio of serves lost to serve aces, and attack efficiency ratio, defined as the 
ratio of the number attacks won divided by the sum of lost attacks and kill-blocks, are 
better predictors of team performance, expressed as the ratio of sets won to the total 
number of sets, than the original proportions of the positive and negative actions. 
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This approach is vindicated by the application of the rally-point scoring system. As 
pointed out by Marelic et al. (2004), “the changes in Volleyball regulations applied by 
Federation Internationale Volleyball (F.I.V.B., 2000) have opened a space for new 
performance-related investigations, representing a big challenge for research into the 
team-characteristics of play which are crucial for success”.  
 
Serve aces seem to be good predictors of the team’s overall ability to win the set. This is 
in agreement with findings by Lobieti et al. (2006). Conversely serve errors by 
themselves do not seem to bear an appreciable consequence on team performance. 
However, it is the ratio of the two (the serve efficiency ratio - SER) that becomes an 
important predictor of the team’s performance. According to the present findings a team 
aspiring for a high final ranking should be capable of winning an ace for approximately 
every two serves that it loses, while for teams in the last rankings this ratio increases to 
three.  
 
The criterion of serve efficiency ratio can be easily applied to individual players. Serve 
aces are predominantly the result of jump serves, performed with increased risk. The 
serve efficiency ratio serves as a norm about whether this risk is worthwhile to be taken. 
For example, a server accomplishing 8 aces at the expense of 24 lost serves 
(SER=24/8=3) may be less valuable to his team than a server with only 4 aces but also 
with only 8 lost serves (SER=8/4=2). 
 
In this respect the serving efficiency ratio, which can be easily calculated in real-time 
conditions even without the use of a computer, can be a valuable tool both for the player 
and especially for the coach. During practice a player should try to minimize this ratio. 
During the match, the coach can use this ratio as a criterion to decide when and which 
players should risk their serves. 
 
Overall, the three attack parameters, especially the proportion of kill-attacks are better 
predictors of team performance than serve parameters, a finding which has been 
consistently reported by several investigators (Marelic et al., 2004; Palao et al., 2004; 
Laios & Kountouris, 2005; Lobietti et al., 2006). However, once again the attack 
efficiency ratio (AER) seems to be a better predictor of team performance than its 
constituent elements. According to the present findings, a team aspiring for a high final 
ranking should be capable of winning at least three points from its attack for every point 
that it loses through an error or the opponent’s kill-block. On the contrary, for teams in 
the last rankings the AER is around two. 
 
Equivalent to the case of SER, the attack efficiency ratio (AER) is a simple measure, 
which can provide valuable information to the coach not only for the team’s, but also for 
individual hitters’ performance variability both within a game, but also during a 
tournament and the whole season.  
 
In consequence to the above, it is not surprising that the set ratio can be so well predicted 
from SER and AER. This finding also corroborates the notion that the set ratio reflects 
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better the overall performance of a team than the total points gained according to the 
rules of the tournament. 
 
In conclusion, the present study proposed two simple measures of team and player 
efficiency that seem to correlate very well with the overall team performance. 
Furthermore, both the serving and the attack efficiency ratios seem to provide cut-off 
values that qualify elite team performance. Further studies are required in order to 
elucidate the status of these criteria in elite tournaments, both for men and women. 
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Abstract 
 
The aim of this study was to identify volleyball performance indicators  
that best discriminate between winning and losing teams in a set 
according to set final score differences. The data were collected from 
teams’ performances (N=350) in all sets played during the 2009 Men’s 
European Volleyball Championship in Turkey. Clusters analysis 
established three different groups of sets according to set final score 
difference: 2 points (ambivalent), 3-5 points (safe), >5 points 
(unbalanced). A 3x2 MANOVA (type of set x type of result) was then 
performed on 9 performance indicators reflecting % expressions of four 
basic skills of the game (serve, pass, attack, block). The analysis revealed 
significant multivariate differences in type of set, in type of results, and in 
their interaction. A follow-up Discriminant Analysis showed that 
effectiveness of attack is the most important performance indicator for all 
types of sets, far more for the ambivalent ones. The discriminant function 
correctly classified increasing % of cases with increase in score 
difference. Especially for ambivalent sets 67.3% were correctly classified, 
letting some space for further improving the critical performance 
indicators. The results suggest that training of a men’s volleyball team 
should emphasize more to improve offensive abilities. 
 
Keywords: Volleyball, game analysis, set characteristics, performance 
indicators 
 
 

1. Introduction 
 
Volleyball is being widely analyzed by coaches and experts, particularly through match 
statistics. Selected set events are quantitatively assessed and proper accurate data are 
extracted and used for the improvement of certain strategies and training aspects of the 
game. Relevant analyses focus mainly on the identification of quantitative indicators 
that are essential to determining performance-specific differences between winning and 
losing teams (Eom and Schutz, 1992a; Laios et al., 2004; Lobietti et al., 2006). Analysts 
focus on the score-specific role of performance indicators that are statistically related to 
the six fundamental technical skills of the game. Three of these skills (serve, attack, 
block) are offensive and contribute to the scoring process directly, while the other three 
(pass, set, dig) are defensive and engage to the score indirectly by providing the 
necessary preconditions to initiate offensive schemes (Nishijima et al., 1987).  
Maximizing these skills is then of high priority and becomes critical to the team's 
effectiveness (Palao et al., 2004). Zetou et al. (2006, 2007) show that the receiver’s 
ability to make the best pass possible and a “serve-ace” point are the most significant 
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predictors to determine the winner in a game. According to the official rules, the game 
ends when one of the teams wins three sets (F.I.V.B., 2005) and as a result it is 
composed of three to five almost independent sets.   
 
Previous data show that winning a set relates directly to some performance indicators 
even though the score of each set is independent of that in the previous sets (Marcelino 
et al., 2009). The issue is central to trainers and sport analysts, but only three studies 
present initial results regarding performance indicators, with attack, pass and serve 
being proposed as the principal predictors of the final outcome in a typical set (Marelic 
et al., 2004; Durkovic et al., 2009). Hayrinen et al. (2004) used t-tests for independent 
samples to compare means of the winning and losing teams and concluded that 
attacking and blocking are the most important skills to win a set in men’s elite 
volleyball. Empirical data usually confirm these results, as, for example, among the 
large number of sets being completed in a typical volleyball tournament, several of them 
are definitely characterized by clear differences between the competing teams in terms 
of performing these technical skills. These sets increase the amount of significance of 
the performance indicators. Accordingly, given the instantaneous effect of the row score 
on the continuous interaction between the two opponent teams during each set, an in 
depth statistical revisit of these three scoring skills (serve, attack, block) plus pass 
would provide valuable information in maximizing winning potential. 
 
The present study examined the extent to which selected Volleyball performance 
indicators contribute to immediately winning or losing a point during a set. This was 
achieved by a simultaneous multi-factorial multivariate design with independent 
variables (factors) the set final outcome (win or lose) and the set final score difference 
(ambivalent, safe, unbalanced), and dependent the selected performance indicators. 
Therefore, the purpose of the present study was to identify skill-related volleyball 
statistics that best discriminate between winning and losing a set according to set final 
score differences. Expected results may be of considerable value to coaches and 
researchers with respect to improving team performance in several contexts and 
especially in making effective practice and match strategy plans more specific. 
 
 
2. Method 
 
The data were collected from 350 teams’ performances in 175 sets played during the 
2009 Men’s European Volleyball Championship (Turkey). Each team’s performance 
was classified according to set result (win, loss) and set type (ambivalent, safe, 
unbalanced). Set type categorization was statistically accomplished through k-means 
clustering (Norusis, 2006) and produced three clusters with the best possible distinction 
according to set final score difference: a) 2 points (ambivalent sets), b) 3-5 points (safe 
sets), c) over 5 points (unbalanced sets).  
 
Set statistics were collected by a team of experts working for the European Volleyball 
Confederation and included percentages (%) of the following nine (9) performance 
indicators (abbreviations): 1) Serve Errors (SRVErr%), 2) Serve Points (SRVPts%), 3) 
Pass Errors (PASSErr%), 4) Pass Perfect (PASSPrf%), 5) Pass Excellent (PASSExc%), 
6) Attack Errors (ATTErr%), 7) Attacks stuffed by block (ATTBlo%), 8) Attack points 
(ATTPts%), 9) Block points per set points (BLK/SETp%). Reliability of the data 
collection and entry was checked by an independent observer on the basis of repeated 
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recordings from a random sample of 35 sets. The produced intraclass correlation 
coefficients (ICC) proved to be at highly acceptable levels (>0.90). MANOVA was 
used to simultaneously compare all nine performance indicators (dependent variables) 
between the three types of sets and between the two set results. As a follow-up to 
MANOVA a stepwise Discriminant Analysis (DA) was preformed for the purpose of 
identifying the statistical importance (contribution) of each performance indicator to the 
separation of the three types of sets and of the two types of results. In particular it was 
planned to identify for every type of set: a) which performance indicators are best 
predictors of set final result, b) the discriminant function (equation) that best separates 
the three group means, and c) the accuracy of the equation that best discriminates 
between types of results for every type of set. Each discriminant function was 
interpreted by examination of the structure coefficients (SC) using the criterion og 
SC|.30| (Tabachnick & Fidell, 2006). Validation of the discriminant models was 
conducted using “leave one out” classification, similar to jack - knifing (Norusis, 2006), 
with each case being classified by applying the classification function on all the data 
except the particular case. The statistical analysis was performed using SPSS13 and 
significances were tested at the α=0.05 probability level. 
 
There were no missing values, extreme scores, or outliers in the data set, and the basic 
statistical assumptions were tested and met. In particular, there was no multicollinearity 
between the dependent variables, as the simple correlations were all <|0.50|), tolerance 
values were >.65, and Variance Inflation Factor values were <1.76.  The variance-
covariance matrices across groups were homogeneous (Box’s M= 226.2, p<.132), while 
the Bartlett Test of Sphericity verified the presence of significant correlations among the 
nine dependent variables to proceed with the multivariate analysis (approx. χ2 =1439.6, 
p<.001). 
 
 
3. Results 
 
The type of set classification produced by the cluster analysis on the total sample 
resulted in 55 ambivalent (31.5%), 64 safe (36.5%), and 56 unbalanced (32%) sets. As 
expected, the classification of performances by the type of result was 50% for win and 
50% for loss. The descriptive statistics of the nine performance indicators are presented 
in Table 1. The values of these variables are percentages (%) of the properties they 
reflect and in that respect the relative variability (SD/Mean) present in this set of data is 
within acceptable levels for using these variables in multivariate analysis, as it varies 
from a maximum of about 98% for variable SRVPts% to a minimum of about 19 % for 
variable ATTPts%. In addition, based on the statistics presented in table 1.2, the nine 
dependent variables appear not to be affected even by moderate collinearity, as 
tolerances were high and variance inflation factor values low: for example, .665 & 
1.253 for variable ATTPts% to .985 & 1.015 for variable SRVPts%. Therefore all 
dependent variables were appropriate for multivariate analysis, as they possessed (a) 
moderate to low variability, which is partially indicative of low measurement error, and 
(b) very low collinearity, which leads to unstable parameter estimates and inflated 
standard errors (Pedhazur, 1997, p. 295, 298).     
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Table 1. Descriptive statistics (M±SD) for the performance indicators (N=350). 

Type of set Ambivalent Safe Unbalanced 
Type of result Loss Win Total Loss Win Total Loss Win Total 
1. SRVErr% 16.5±6.8 14.0±6.3 15.2±6.6 18.0±9.0 16.0±7.2 17.0±8.2 18.0±8.5 13.3±6.6 15.5±8.0 

2. SRVPts% 4.5±3.9 4.6±4.9 4.5±4.4 3.8±3.7 5.7±5.3 4.7±4.6 2.0±3.1 6.7±4.2 4.3±4.4 

3. PASSErr% 6.4±6.6 6.2±5.4 6.3±6.0 9.0±7.4 5.7±5.2 7.3±6.6 8.6±6.9 5.3±5.5 7.0±6.4 

4. PASSPrf% 21.0±13.0 20.4±12.3 20.7±12.3 19.4±11.1 21.8±14.7 20.6±13.0 18.9±11.1 21.1±12.5 20.0±11.8 

5. PASSExc% 44.5±13.5 44.8±15.4 44.8±14.4 41.0±15.6 45.0±15.4 43.0±15.6 42.6±14.3 47.0±19.5 44.7±17.2 

6. ATTErr% 7.2±4.9 7.5±5.0 7.3±5.0 8.9±5.1 5.6±4.7 7.8±5.5 10.3±5.5 5.3±4.4 7.8±5.5 

7. ATTBlo% 10.7±5.4 9.1±5.4 9.9±5.4 11.8±5.4 7.4±5.1 9.6±5.7 14.9±6.4 6.0±4.5 10.5±7.1 

8. ATTPts% 49.2±8.1 54.2±8.7 51.7±8.7 45.4±9.6 51.2±8.4 48.3±9.4 37.5±8.5 56.4±9.1 47.0±13.0 

9. BLK/SETP% 10.7±6.7 12.2±5.8 11.5±6.4 10.0±7.4 13.1±5.6 11.5±6.8 9.3±7.0 15.2±6.2 12.5±7.2 

N 55 55 110 64 64 128 56 56 112 
 
 
Table 2. Collinearity diagnostics and Correlations among the performance indicators 
(N=350). 

 1 2 3 4 5 6 7 8 Tol. VIF 

1. SRVErr% 1        .961 1.041 

2. SRVPts% -.007 1       .985 1.015 

3. PASSErr% .133 -.080 1      .787 1.270 

4. PASSPos% -.115 -.006 -.122 1     .649 1.542 

5. PASSExc% -.002 .063 -.300 -.500 1    .590 1.695 

6. ATTErr% .007 .046 .044 -.015 -.097 1   .828 1.208 

7. ATTBlo% .090 -.079 .182 -.086 -.094 -.033 1  .700 1.429 

8. ATTPts% -.042 .038 -.090 .041 .151 -.311 -.443 1 .655 1.526 

9. BLK/SETP% -.102 .015 -.049 .053 -.067 -.100 -.158 -.078 .902 1.109 

Two tailed critical r value for df= 348 & α=0.05 is 0.1055. 
Tol.: tolerance = 1-Ri

2 , with Ri
2 = % variance in common with the other variables. 

VIF = 1 / (1-Ri
2) = variance inflation factor. 

 
 
The main results of MANOVA with dependent variables the nine performance 
indicators and independent the fully crossed factors "type of result" and "type of set" are 
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given in table 3. The linear combination of the nine performance indicators 
differentiated significantly: (a) the three types of sets (Wilks’ Λ = 0.912, F (18, 672) = 
1.763, p=0.026, partial η2 = 0.045), (b) the two types of results (Wilks’s Λ = 0.469, F (9, 
336) = 42.2, p< .001, partial η2 = 53.1), and (c) their crossed combination (3x2 levels) as 
reflected by the respective interaction (Wilks’ Λ = .659, F (18, 672) = 8.7, p<  .001, 
partial η2 = .188). This significant multivariate interaction is indicative of the 
simultaneous linear effects of both factors on the final set score. 
  
Table 3. Multivariate Tests of Significance 

Effect 
Wilks' 

Lambda 
Value 

F 
(Hypothesis df, 

Error df) 
Sig. 

Partial 
Eta 

Squared 
Type of set .912 1.763 (18, 672) .026 .045 
Type of Result .469 42.200 (9, 336) .000 .531 
Set  X  Result .659 8.665 (18, 672) .000 .188 

 
 
Even though univariate results are not necessarily in line with those of the multivariate 
analyses, for descriptive purposes only, a series of F tests were carried out on each 
significant main effect of MANOVA and the results are shown in table 4. With respect 
to the type of result all the variables were highly significant (p< .001) except PASSPrf% 
and PASSExc% (p=.304 and p=.100, respectively). Almost similar results were found 
for the univariate F's of the interaction between the two factors, with variables 
SRVPts%, PASSErr%, ATTErr%, ATTBlo%, ATTPts%, and BLK/SETP% being 
highly significant (p< .001). An inspection of the mean values (table 1) shows that in all 
variables representing performance in scoring skills, both in safe and unbalanced sets, 
there are multivariate differences, showing that the losing teams perform poorly in all 
skills except pass. On the contrary, for the independent factor "type of set" only 
ATTPts% was significant (F= 8.698 (2, .067), p< .001) and the particular proportion of 
explained variance was rather low (partial η2 = .048). This finding was further examined 
by post hoc comparisons using Tukey’s HSD (note in table 4), and the results showed a 
significant difference for that variable between ambivalent and safe sets (p<.05), 
ambivalent and unbalanced sets (p<.05), but not between safe and unbalanced sets 
(p>.05). 
 
Table 4. Test of between subjects effects 

Type of set Type of Result Set  X  Result Performance   
Indicators F Sig. F Sig. F Sig. 
1. SRVErr% 1.758 .167 14.155 .000 .819 .442 
2. SRVPts% .271 .763 23.712 .000 8.132 .000 
3. PASSErr% .850 .429 23.925 .000 6.917 .001 
4. PASSPrf% .122 .886 1.059 .304 .524 .593 
5. PASSExc% .471 .625 2.720 .100 .629 .534 
6. ATTErr% .390 .677 24.958 .000 8.167 .000 
7. ATTBlo% .762 .467 72.590 .000 12.394 .000 
8. ATTPts%                                                                                                                                                     8.698  . 000* 111.050 .000 22.529 .000 
9. BLK/SETP% .506 .603 25.501 .000 3.267 .039 

* Tukey's test: Ambivalent vs. Safe (p=0.010), Ambivalent vs. Unbalanced (p=0.000), 
Safe vs. Unbalanced (p=0.429). 
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The significant MANOVA results were further assessed in terms of the relative 
importance of the nine performance indicators by a series of follow-up Discriminant 
analysis (tables 5, 6, 7). The test of equality of the two group means for "type of result" 
(table 5), collapsed "types of sets", was significant for all performance indicators 
(p<.000), except for PASSPrf% (p=.281) and PASSExc% (p=.090). With the exception 
of ATTPts% and SRVErr% a clear trend is apparent for ambivalent sets to present no 
significant differences in terms of winning or losing a set. To the contrary, for safe sets 
all variables were significant except SRVErr%, PASSPrf% and  PASSExc%, while for 
unbalanced sets this trend was even stronger as only variables PASSPrf% and 
PASSExc% were not significant (table 5). The eigenvalues, the canonical correlations, 
the chi-square values, the respective significances as well as the correct classifications 
of the respective discriminant functions are presented in table 6. The discriminant 
functions were all statistically significant (p<.005) and a clear trend of progressive 
change in these statistics between ambivalent, safe, and unbalanced sets is apparent. The 
“leave one out” test summarized the ability of the model to correctly classify the sets in 
their respective final outcome. It is then observed from these results that as the score 
difference gets smaller (unbalanced to safe to ambivalent sets) the discriminatory power 
of the particular function gets lower and vice-versa. Accordingly, the canonical 
correlations decrease from .892 to .410 and the corresponding classifications between 
win or loss of a set reduce from 98% to 67%.   
 
Table 5.Tests of significance (p values) for the equality of group means 
Performance  
Indicators 

Overall  
D.A. 

Ambivalent 
 Sets 

Safe 
sets 

Unbalanced 
Sets 

1. SRVErr% .000 .044 .153 .002 
2. SRVPts% .000 .881 .023 .000 
3. PASSErr% .000 .898 .005 .000 
4. PASSPrf% .281 .807 .298 .305 
5. PASSExc% .090 .979 .152 .184 
6. ATTErr% .000 .756 .000 .000 
7. ATTBlo% .000 .110 .000 .000 
8. ATTPts% .000 .002 .000 .000 
9. BLK/SETP% .000 .231 .007 .000 

D.A.: discriminant analysis. 
 
 
Table 6. Discriminant analysis statistics for type of result: win vs. defeat in a typical set 

Type of Result Overall 
D.A. 

Ambivalent 
 Sets 

Safe 
sets 

Unbalanced 
Sets 

Eigenvalue .756 .202 .746 3.879 
Canonical Correlation .656 .410 .654 .892 
Wilks’ Lambda .570 .832 .573 .205 
Chi-square 193.39 19.031 67.689 167.220 
df 9 9 9 9 
p .000 .025 .000 .000 
Correct Classification 79.7% 67.3% 82.8% 98.2% 
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To assess the relative contribution of each performance indicator in maximizing the 
multivariate difference between win and loss (type of result) the (discriminant) structure 
coefficients were examined (table 7). Structure coefficients .|30| (in bold) are 
meaningful and indicate substantial contribution of the respective independent variables 
in the separation between the levels of the dependent variable (Pedhazur, 1997, p. 910). 
Four performance indicators possessed a meaningful structure coefficient (SC) with 
regards to the multivariate separation between the two groups of "type of result" (SC 
values in order of size in parenthesis): ATTPts% (.593), ATTBlo% (-.510), 
BLK/SETP% (.310), ATTErr% (-.308).  The negative signs in two of the variables 
indicate the presence of bipolarity between the positive effect of ATTPts% and 
BLK/SETP% and the negative effect of ATTBlo% and ATTErr%. The squared SC 
values indicated that 35%, 26%, 9.6%, and 9.5%, respectively, of the variance in these 
four variables is accounted for by the discriminant function. Their combination leads to 
the substantive interpretation that the main difference between the two groups of sets 
(won, lost) reflects mainly the status of attack.  
 
This trend was also clearly apparent in the SC values produced by the discriminant 
function analysis for each level of the "type of set". Only two variables reflected this 
composite trend (attack status) in each type of set (ambivalent, safe, unbalanced) as 
indicated by their meaningful SCs: ATTPts% (0.669, -0.374, -0.550, respectively) and 
ATTBlo% (-0.345, 0.484, 0.402, respectively). Meaningful importance was also 
possessed for ambivalent sets by variable SRVErr% (-0.437), for safe sets by variable 
ATTErr% (0.392), and for unbalanced sets by variable SRVPts% (-0.322). 
  
Table 7. Structure Matrix for type of result: win vs. defeat in a typical set. 
Performance  
Indicators 

Overall  
D.A. 

Ambivalent 
 sets 

Safe 
sets 

Unbalanced 
Sets 

1. SRVErr% -.229 -.437 .148 .150 
2. SRVPts% .295 .032 -.238 -.322 
3. PASSErr% -.299 -.027 .294 .272 
4. PASSPrf% .067 -.052 -.108 -.050 
5. PASSExc% .105 .006 -.149 -.065 
6. ATTErr% -.308 .067 .392 .256 
7. ATTBlo% -.510 -.345 .484 .402 
8. ATTPts% .593 .669 -.374 -.550 
9. BLK/SETP% .310 .258 -.285 -.230 

 
 
4. Discussion 
 
Overall, the results of this study indicate that attack as a status composed of particular 
skills constitutes the principal factor of performance in Volleyball. This is in accordance 
to previous studies proposing attack as the most important and decisive skill for success 
in the game (Eom and Schutz, 1992b; Palao et al., 2004; Marcelino and Mesquita, 2006; 
Laios et al., 2004; Lobietti et al., 2006). Our findings show that as the score difference 
between the two opponent teams reduces its role becomes increasingly important: the 
more difficult the set, the more decisive the capacity of either team to apply attack 
actions. The increasing competence of contemporary teams to score points from attack 
makes score differences in difficult sets smaller. According to Calhoun et al. (2002), it 
is better for the weaker team to increase the probability of winning a rally when 
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receiving the ball.  One way or another, the probability of a team in men’s volleyball to 
win a point when receiving the ball is about 65% (Shimazu et al., 1999; Laios and 
Kountouris, 2009), and this can be done more effectively by successful attacks. The 
parallel improvement of both teams in this capability increase the effectiveness of “kill” 
attack and gives teams easy points to reach the final part of the set (after 20 points). For 
this reason in ambivalent sets the percentage of points won after attack (ATTPts%) is 
higher than in the other two types of sets.  
 
The statistical approach followed in this study resulted in maximizing the correctness of 
identifying the performance indicators that best discriminate between winning and 
losing a set in Volleyball based on the final score difference. This was achieved by 
combining results of a 2x3 MANOVA with those of follow-up Discriminant Analysis. 
Instead of examining each potential performance indicator separately their multivariate 
combination proved to be statistically successful. Thus the results from safe and 
unbalanced sets demonstrated that as a general trend the losing teams perform poorly in 
all indicators of scoring skills (serve, attack, block) except pass. Contrary to our initial 
hypothesis this skill does not seem to determine the end of the action and the winning of 
a point. Its impact on the outcome of a typical set was rather small, as indicated by the 
meaningless respective structure coefficients. This is in agreement with Lobietti et al. 
(2006) but in disagreement with Zetou et al. (2007). Apparently it may not be enough 
for a team to receive well in order to win a set, as the skills which largely determine the 
result of a set are mostly attack related. This finding is in partial agreement with Marelic 
et al. (2004) who used a quality grade and found clear differences in all four 
performance skills (attack, pass, serve, block) between the sets won and the sets lost. 
Perhaps combining quantitative results like those produced in the present study with 
certain qualitative ones may provide a more comprehensive tool of assessing the skills 
that best discriminate victory from defeat in a typical volleyball set.  
 
According to Karlis & Ntzoufras (2003) in team sports, in general, the match is 
characterized by the continuous interaction between the two opponent teams. 
Consequently, the differentiation of important performance indicators according to the 
score difference is of particular value. Especially in ambivalent sets in volleyball, the 
skills that mostly determine the final set score are the effectiveness of attack, the 
avoidance of the opponent block, and the reduction of serve errors. In these types of sets, 
attack must be successful by initially securing avoidance of potential direct block point 
by the opponent team. Spiking and blocking in the game are evaluated by their 
effectiveness as a result of a constant interaction with the opponent at the net, more than 
the performance itself. In other words, the effectiveness of a spike or block depends also 
upon the opponent’s reaction. Thus, attackers must improve quick estimation of the 
opponent block at the time of spiking, while equally important is the cover of the attack 
with which every team is designed to protect the direct touch of the ball to the ground 
after a stuffed attack by opponent block. Especially in ambivalent sets, besides the 
reasonable effectiveness of attack, the percentage of serve errors seems to play an 
important role. The reduction in the number of serve errors increases the probability of 
winning the set. Obviously, when the difference in the score is small the game must be 
played “safely” from serve’s position. In this way the serving team transfers to the team 
which receives not only the ball but also the probability of making an unforced error in 
their three touches of the ball (pass, set, spike). This implies a more conservative tactic 
in executing the serves and, as a result, a smaller number (%) of passing errors are 
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observed in the ambivalent sets as opposed to the safe and unbalanced sets, as shown in 
the present study.  
 
In safe sets the three indicators that define attack (% of attack points, % of attack blocks, 
% of attack errors) proved to be the only substantial discriminators of win and defeat as 
indicated by their meaningful structure coefficients (>|.30|).Also in safe sets all scoring 
skills differentiated winning and losing teams except for serve errors. An inspection of 
the respective mean values shows in this type of set both teams are prone to a bigger 
percentage of serve errors than in the other two types of sets. The score differences that 
are created during the set provide a guarantee to the team leading the score to risk in 
serve and, consequently, to lose more serves. This simply means that teams that try to 
reduce the score difference by risking in serve end-up with more serve errors.   
 
In unbalanced sets the results allowed a greater discrimination between win and defeat 
and this was exclusively based on the % attack points, the % attack blocks, and the % 
serve errors. As a general trend, winning teams exhibit better performance values than 
losing teams. However training in elite men’s volleyball should mainly focus on attack 
in two ways. First, by increasing direct effectiveness and avoidance of direct stuffed 
attack by opponent’s block, and second, by reducing direct attacking errors. Especially 
in ambivalent sets, coaches must have several versions of offensive scenarios to 
reinforce their potentiality in attack and they must prepare all players, starters or non 
starters, to be ready to gain a point from this skill. 
 
Regarding accuracy of the discriminant functions, a tendency was revealed for the 
percentage of correct classification of cases to increase along the increase in the score 
difference. In a similar approach by Marelic et al. (2004) about 83% correct 
classifications were produced, though based on statistics from only one team. In the 
present study the discriminant function equation classified correctly about 98% of the 
unbalanced sets, 83% of the safe sets, and 67% of the ambivalent sets, which are 
finished with the minimum difference of two points. In a recent analysis Drikos (2009) 
used data from only one team and found no significant discriminant function for sets 
with a final score difference of 2-3 points. Thus, the creation of a discriminant equation 
for ambivalent sets in tournaments as competitive as Men’s European Championship 
points-out the necessity for further research in two directions: (a) to determine the 
hierarchy of variables which can increase the percentage of correct discriminant 
classification, and (b) to investigate the relationship between performance and 
randomness in the variation of the result. If the approximately 30% of the sets that end-
up with a final score difference of two points are not won by the team with the best 
performance in the basic technical skills of the game, then the rules that define the end 
of the set (score difference of at least two points) should be adapted to correct for this 
inconsistency. 
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Η Σημασία των Τεχνικών Επιδεξιοτήτων στην Επιτυχία σε Διάφορους Τύπους Σετ στην Πετοσφαίριση 
 

Σωτήριος Δρίκος & Παναγιώτης Κουντούρης 
ΤΕΦΑΑ, Καποδιστριακό Πανεπιστήμιο Αθηνών 

 
Περίληψη 

Για την καλύτερη προετοιμασία των ομάδων, την επιλογή της κατάλληλης τακτικής αλλά και τις προ-
σαρμογές της κατά τη διάρκεια αγώνων Πετοσφαίρισης, οι προπονητές είναι σημαντικό να γνωρίζουν ποιες 
τεχνικές επιδεξιότητες είναι κρίσιμες για την επιτυχία, ιδιαιτέρα στα σετ όπου η διαφορά πόντων μεταξύ των 
ομάδων είναι μικρή. Σκοπός της παρούσας έρευνας είναι να επισημάνει τις διαφορές που προκύπτουν από 
την επίδραση των τεχνικών επιδεξιοτήτων σε όλους στους τύπους των σετ ανάμεσα σε κερδισμένα και απο-
λεσθέντα. Τα δεδομένα καταγράφτηκαν από την επίδοση των ομάδων σε όλα τα σετ (Ν=175) των αγώνων 
που διεξήχθηκαν στη διάρκεια του Πανευρωπαϊκού Πρωταθλήματος Ανδρών τον Σεπτέμβριο του 2009. Επι-
λέχθηκαν 4 δείκτες αγώνα και 10 δείκτες απόδοσης (%) από τέσσερις τεχνικές επιδεξιότητες: επίθεση, σερβίς, 
υποδοχή, μπλοκ και προηγήθηκε ενδοατομικός έλεγχος αξιοπιστίας με αρχική και επαναληπτική καταγρα-
φή. Η ανάλυση cluster παρήγαγε τρεις τύπους σετ, με κριτήριο την τελική διαφορά των πόντων: Σετ με δια-
φορά στο τελικό σκορ 2 πόντων (αμφίρροπα), 3-5 πόντων (ισορροπημένα), >5 πόντων (άνισα). Η στατιστική 
επεξεργασία των δεδομένων έγινε με Wilcoxon signed rank tests. Τα αποτελέσματα έδειξαν τόσο για όλα τα 
σετ των δεδομένων όσο και για τα άνισα 11 σημαντικούς δείκτες απόδοσης, 7 για τα ισορροπημένα σετ και 1 
για τα αμφίρροπα σετ. Η ανάλυση των αμφίρροπων σετ έδειξε ότι, οι νικήτριες ομάδες είχαν στατιστικά ση-
μαντικότερο ποσοστό άμεσων πόντων από την επίθεση (p<0.001) σε σύγκριση με τις ηττημένες ομάδες, επι-
βεβαιώνοντας την προπονητική προτεραιότητα ανάπτυξης των επιθετικών ικανοτήτων των αθλητών ανδρι-
κών ομάδων υψηλού επιπέδου. 

Λέξεις κλειδιά: Πετοσφαίριση, ανάλυση απόδοσης, σετ, επίθεση 

 

The Importance of Certain Performance Indicators on Specific Set Types in Volleyball 
  

Sotirios Drikos & Panagiotis Kountouris 
Department of Physical Education and Sports Sciences, University of Athens, Athens, Hellas 

Abstract 

The aim of this study was to identify volleyball performance indicators that best discriminate between 
winning and losing teams in a set according to set final score differences. The data were collected from 
teams’ performances (N=175) in all sets played during the 2009 Men’s European Volleyball Championship in 
Turkey. Clusters analysis established three different groups of sets according to set final score difference: 2 
points (ambivalent), 3-5 points (safe), >5 points (unbalanced). A Wilcoxon signed rank test was performed 
on 10 performance indicators and 4 match indicators. The analysis revealed 11 important indicators for all 
sets have been played and for unbalanced set too, 7 important indicators for safe sets and 1 indicator for am-
bivalent sets. The analysis of ambivalent sets showed that the winning teams had a statistically significant (p 
<0.001) percentage of points from direct attack compared to the defeated teams. The results confirm that 
coaches of men’s volleyball team should attach importance to improving offensive capacities of athletes. 

Key words: Volleyball, performance analysis, set characteristics, attack 
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Εισαγωγή 

Η ποσοτική ανάλυση, η εκτίμηση της απόδοσης και η στατιστική επεξεργασία γίνονται όλο και πιο ση-
μαντική διαδικασία για τους εμπλεκόμενους σε αρκετά σπορ και ιδιαιτέρα στα ομαδικά. Ειδικά στην Πετο-
σφαίριση, σπουδαία σημασία έχει η συλλογή δεδομένων από την παρατήρηση και αξιολόγηση των επιδεξιο-
τήτων του αθλήματος. Το άθλημα της Πετοσφαίρισης προσφέρεται για τέτοιου είδους αναλύσεις λόγω του 
μεγάλου αριθμού των επαφών που γίνονται από τους αθλητές κατά τη διάρκεια του αγώνα, έτσι ώστε να 
εξασφαλίζεται επαρκώς η ανάλυση της ατομικής τεχνικής και της ομαδικής τακτικής απόδοσης. Δεκαετίες 
πριν, έχει αποδειχθεί ότι το παιχνίδι συγκροτούν μια σειρά ατομικών επιδεξιοτήτων, που σχετίζονται σημα-
ντικά με την απόδοση και αγωνιστική επίδοση της ομάδας. Οι Cox (1974a,b), Nishijima και Takahiko (1986), 
εξετάζοντας τις ατομικές επιδεξιότητες της Πετοσφαίρισης που σχετίζονται με την αγωνιστική απόδοση της 
ομάδας, έδειξαν ότι η επίθεση προηγείται αξιολογικά όλων των υπολοίπων επιδεξιοτήτων του παιχνιδιού 
που σχετίζονται με την αγωνιστική απόδοση της ομάδας. Οι Nishijima, Ohswava και Matsuura (1987), εξα-
ντλώντας από στατιστικής πλευράς τα παραπάνω ευρήματα και ερευνώντας παράλληλα τη δομή και συσχέ-
τιση τους με την αγωνιστική απόδοση, εξήγησαν γιατί η επίθεση προηγείται αξιολογικά των υπολοίπων επι-
δεξιοτήτων και μαζί με την πάσα (ύψωμα) για επίθεση, συμβάλλουν περισσότερο από τις υπόλοιπες επιδε-
ξιότητες του παιχνιδιού στην αγωνιστική απόδοση της ομάδας. Επομένως, είναι απαραίτητο από τεχνικής 
και τακτικής πλευράς, να γίνεται αναφορά στις τεχνικές επιδεξιότητες που επηρεάζουν την απόδοση (Eom & 
Schutz, 1992 a,b). Οι Laios και Kountouris (2005), σε έρευνα τους που σχετιζόταν με τις τεχνικές επιδεξιότητες 
του παιχνιδιού της Πετοσφαίρισης στο επίπεδο των ανδρών στους Ολυμπιακούς αγώνες της Αθήνας, μετά 
την εφαρμογή των νέων κανονισμών του αθλήματος, έδειξε ότι εκτός των ποσοστών στις υπόλοιπες τεχνικές 
επιδεξιότητες, αυτή που έκανε τη διαφορά ήταν η αποτελεσματικότητα στην επίθεση. Επί πλέον, οι 
Marcelino, Mesquita και Alfonso (2008), σε μελέτη τους από τη διοργάνωση του Volleyball World League 
2005, όπου συνέκριναν την απόδοση των ομάδων στις τεχνικές επιδεξιότητες που αποφέρουν πόντο (επίθε-
ση, μπλοκ και σερβίς) σε σχέση με την τελική τους κατάταξη, έδειξαν ότι η επίθεση ήταν ο καλύτερος δείκτης 
επιτυχίας στο υψηλό επίπεδο της Πετοσφαίρισης. Οι Marcelino, Mesquita, Palao και Sampaio (2009) έδειξαν 
ότι η νίκη σε ένα σετ σχετίζεται με την απόδοση στις τεχνικές επιδεξιότητες του αθλήματος.  

Η Πετοσφαίριση αποτελείται από 3-5 σετ ανεξάρτητα μεταξύ τους. Η απόδοση στο προηγούμενο σετ δεν 
καθορίζει την απόδοση στο επόμενο, αφού οι ομάδες δεν μεταφέρουν κανένα πλεονέκτημα από το προη-
γούμενο. Σε κάθε νέο σετ, η μέτρηση του σκορ ξεκινά από το μηδέν. Σε μελέτες που έχουν ασχοληθεί με την 
επικράτηση στο σετ (Durkovic, Marelic & Resetar, 2009; Marelic, Resetar & Jankovic, 2004), η επίθεση, το 
σερβίς και η υποδοχή σερβίς φαίνεται να είναι οι κρισιμότερες επιδεξιότητες.  

Όταν όμως αναλύονται όλα τα σετ ενός αγώνα ή μιας διοργάνωσης, περιλαμβάνονται και εκείνα στα 
οποία το αποτέλεσμα και η απόδοση των δύο ομάδων, σε ότι αφορά στη διαφορά πόντων που έκρινε την 
κατάληξη του σετ, πιθανόν να ήταν μεγάλη. Έτσι λοιπόν, είναι ορατός ο κίνδυνος να διογκώνεται η σημασία 
που έχουν οι κρίσιμες τεχνικές επιδεξιότητες και να μην λαμβάνεται υπόψη η αλληλεπίδραση που ασκούν οι 
ομάδες η μία στην άλλη (Κarlis & Νtzoufras, 2003). Ο στόχος της παρούσας μελέτης είναι να εντοπίσει τις 
διαφορές επίδρασης των βασικών τεχνικών επιδεξιοτήτων (σερβίς, υποδοχή, σερβίς, επίθεση, μπλοκ), συ-
γκρίνοντας την αγωνιστική απόδοση νικητριών και ηττημένων ομάδων, λαμβάνοντας υπόψη την τελική 
διαφορά πόντων των ομάδων στο σετ. Επιπλέον στόχος είναι να διευκρινίσει αν οι σημαντικοί δείκτες από-
δοσης παραμένουν σταθεροί κατά τη διάρκεια του αγώνα από σετ σε σετ. 

Δεδομένα και Μέθοδος 

Τα δεδομένα προήλθαν από 175 σετ του Πανευρωπαϊκού πρωταθλήματος Ανδρών 2009. Τα δεδομένα 
καταγράφηκαν από ομάδα διαπιστευμένων καταγραφέων της CEV, με το ειδικό λογισμικό χωροχρονικής 
καταγραφής Data Project (Data Project, Salerno, Italy, Release 3.6.2). Η αξιοπιστία της καταγραφής και αξιο-
λόγηση των δεδομένων ελέγχτηκε από ανεξάρτητο καταγραφέα – αξιολογητή με τη μέθοδο των επαναλαμ-
βανόμενων καταγραφών σε διάστημα μίας εβδομάδας σε τυχαίο δείγμα 35 σετ (20% του συνόλου). Ο δείκτης 
διαταξικής συσχέτισης βρέθηκε σε υψηλά αποδεκτά επίπεδα (>0.90). Λαμβάνοντας υπόψη την κατηγοριο-
ποίηση των δεικτών απόδοσης (performance indicators) από τους Hughes και Bartlet (2002), αναλύθηκαν 
από τέσσερις τεχνικές επιδεξιότητες 4 δείκτες αγώνα (match classification indicators) σε ποσοστό επί του συ-
νόλου των κερδισμένων πόντων ανά σετ: 1)Επιτυχημένα μπλοκ σε σχέση με τους κερδισμένους πόντους στο 
σετ (BLCK points/setpoints), 2)Λάθη αντιπάλων (Σερβίς αντιπάλων χαμένα, Επιθέσεις αντιπάλων χαμένες, 
άλλα λάθη αντιπάλων) σε σχέση με τους κερδισμένους πόντους στο σετ (OPPErr/setpoints), 3)Επιτυχημένες 
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επιθέσεις σε σχέση με του κερδισμένους πόντους στο σετ (ATTpoints/setpoints), 4) Επιτυχημένα σερβίς σε 
σχέση με του κερδισμένους πόντους στο σετ (SRVpoints/setpoints) και 10 δείκτες απόδοσης τεχνικών επιδε-
ξιοτήτων (technical indicators), σε ποσοστό επί του συνόλου των εκτελεσμένων ενεργειών: 5) Σερβίς Άσσοι 
(SRVPts%), 6) Σερβίς Χαμένα (SRVErr%), 7) Υποδοχή σερβίς άριστη (PASSExc%), 8)Υποδοχή σερβίς καλή 
(PASSPos%), 9) Σύνολο Υποδοχών Σερβίς Άριστων + καλών (PASSExc% + PASSPos%), 10) Υποδοχές Σερβίς 
χαμένες (PASSErr%), 11) Επιθέσεις τελειωμένες (ATTPts%), 12) Επιθέσεις χαμένες (ATTErr%), 13) Επιθέσεις 
μπλοκαρισμένες από τον αντίπαλο (ATTBlo%), 14) Σύνολο Επιθέσεων χαμένων + μπλοκαρισμένων από τον 
αντίπαλο (ATTErr% + ATTBlo%). Λόγω των ακραίων κατανομικών λοξοτήτων σε 13 από τις 14 μεταβλητές 
(K-S, p<0,05), η στατιστική ανάλυση έγινε με τoν απαραμετρικό έλεγχο σύγκρισης διάμεσων τιμών (Wilcox-
on). Η επεξεργασία των δεδομένων έγινε σε SPSS 15.0. Η ανάλυση cluster εξήγαγε τρεις τύπους σετ (διαφο-
ρά): αμφίρροπα (2 πόντοι), ισορροπημένα (3-5 πόντοι), άνισα (>5 πόντοι). Το συνολικό δείγμα των 175 σετ 
ομάδων χωρίστηκε με την μέθοδο k-means (Norusis, 1993) σε τρεις κατηγορίες με βάση τη διαφορά των πό-
ντων των δύο ομάδων σε κάθε σετ. Έτσι 55 (31.5%) ήταν σετ που είχαν τελειώσει με δύο πόντους διαφορά 
(αμφίρροπα σετ), 64 (36.5%) ήταν σετ που είχαν τελειώσει με διαφορά από 3 έως 5 πόντους (ισορροπημένα) 
και 56 (32%) ήταν σετ που είχαν τελειώσει με διαφορά μεγαλύτερη από 6 πόντους (άνισα). Η κατηγοριοποί-
ηση αυτής της μεταβλητής επιβεβαιώνει το υψηλό ανταγωνιστικό επίπεδο του Πανευρωπαϊκού πρωταθλή-
ματος Ανδρών, αφού το 31.5 % των σετ έληξε με την ελάχιστη διαφορά πόντων που επιτρέπει ο κανονισμός 
του αθλήματος. 

Αποτελέσματα 

Δείκτες αγώνα και δείκτες απόδοσης στο σύνολο των σετ.  

Οι νικήτριες ομάδες αποδίδουν καλύτερα από τις ηττημένες σε όλους τους δείκτες αγώνα εκτός από τα 
λάθη αντιπάλου και σε όλες τις τεχνικές επιδεξιότητες εκτός από την υποδοχή του σερβίς, όπως αυτή εκφρά-
ζεται από το ποσοστό των καλών υποδοχών και από το ποσοστό των άριστων υποδοχών ξεχωριστά. Στο σύ-
νολο των καλών και άριστων υποδοχών υπάρχει καλύτερη απόδοση των νικητών από τους ηττημένους. Το 
σύνολο των καλών και άριστων υποδοχών επιτρέπουν στον πασαδόρο της ομάδος να αναπτύξει το προσχε-
διασμένο επιθετικό παιχνίδι της ομάδας χρησιμοποιώντας μεγάλο μέρος από τις επιθετικές δυνατότητες των 
παικτών του. Είναι χαρακτηριστικό ότι η ποιότητα της υποδοχής είναι τεχνικό στοιχείο που δεν αποφέρει 
άμεσο πόντο στην ομάδα (non scoring skill), αλλά δημιουργεί προϋποθέσεις για να επιτευχθεί ο πόντος με 
την εκτέλεση της επίθεσης.  

Δείκτες αγώνα και δείκτες απόδοσης στα άνισα σετ. 

Παρόμοια εικόνα με το σύνολο των εξεταζομένων σετ παρουσιάζουν και τα σετ που έληξαν με διαφορά 
μεγαλύτερη από 6 πόντους και πάνω. Σε όλους τους δείκτες αγώνα, εκτός από τα λάθη αντιπάλου, υπήρχαν 
σημαντικές διαφορές. Οι νικήτριες ομάδες κατακτούσαν, σε σχέση με το σύνολο των κερδισμένων πόντων, 
περισσότερους πόντους από τις ηττημένες από την εκτέλεση σερβίς (SRVPts/setpoints, 6.5% έναντι 2.1%) και 
από το μπλοκ (BLOCKpoints/setpoints, 15.2% έναντι 9.3%). Στους κερδισμένους από επίθεση πόντους σε 
σχέση με το σύνολο των πόντων, οι νικήτριες ομάδες κατακτούσαν λιγότερους πόντους από τις ηττημένες 
(ATTPts/setpoints, 53.2% έναντι 59.4%,p<0.05). Είχαν όμως καλύτερες επιδόσεις σε όλους τους δείκτες από-
δοσης που αφορούν στην τεχνική επιδεξιότητα της επίθεσης (ATTErr%, 5.3% έναντι 10.5%, p<0.001, 
ATTBlo%, 6.1%% έναντι 14.6%, p<0.001,ATTErr% + ATTBlo%, 11.4% έναντι 25.1%, p<0.001, ATTPts%, 
56.4% έναντι 38.4%, p<0.001). Καλύτερη απόδοση των νικητριών ομάδων από σε σχέση με τις ηττημένες πα-
ρουσιάστηκε και στους υπόλοιπους δείκτες απόδοσης που αφορούν στις τεχνικές επιδεξιότητες του σερβίς 
(SRVPts%, 5.7% έναντι 3.8%, p<0.001, SRVErr%, 15.9% έναντι 18%, p<0.01) και της υποδοχής (PASSErr%, 
5.7% έναντι 8.9%, p<0.05, PASSPos% + PASSExc%, 66.9% έναντι 60.3%, p<0.05). Τέλος, οι δείκτες των άρι-
στων και καλών υποδοχών δεν παρουσίασαν διαφοροποίηση όταν ελέγχθηκαν ξεχωριστά. 
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Πίνακας 1. Ανάλυση συνόλου των σετ και άνισων σετ 

Performance Indicator 

Σύνολο των σετ (n=175) Άνισα σετ (n=56) 

Νικητές 
Μέσος όρος ± 
Τυπική από-

κλιση 

Ηττημένοι 
Μέσος όρος ± 
Τυπική από-

κλιση 

Νικητές 
Μέσος όρος ± 
Τυπική από-

κλιση 

Ηττημένοι 
Μέσος όρος ± 
Τυπική από-

κλιση 

SRVErr% .145±.068** .174±.082 .133±.066** .176±.085 

SRVPts% .057±.049*** .034±.037 .067±.042*** .019±.031 

PASSErr% .052±.054*** .086±.069 .040±.058*** .105±.061 

PASSPos%+PASSExc% .669±.148** .623±.136 .680±.153* .612±.138 

PASSExc% .456±.168 .427±.145 .469±.195 .427±.143 

PASSPos% .213±.132 .196±.116 .211±.125 .185±.112 

ATTErr% .060±.047*** .089±.053 .053±.044 *** .105±.054 

ATTBlo% .076±.052*** .124±.060 .061±.047*** .146±.065 

ATTErr% + ATTBlo% .136±.065*** .213±.073 .114±.063*** .251±.074 

ATTPts% .536±.091*** .443±.100 .564±.091*** .384±.094 

BLOCKpoints/set points .135±.061*** .099±.071 .152±.062*** .093±.070 

OPPERR/set points .263±.087 .274±.105 .251±.081 .293±.108 

SRVPts/set points .055±.048*** .035±.038 .065±.041*** .021±.033 

ATTPts/set points .546±.095*** 592±.126 .532±.092* .594±.140 

*= στατιστικά σημαντική διαφορά για p<0.05 
**= στατιστικά σημαντική διαφορά για p<0.01 
***= στατιστικά σημαντική διαφορά για p<0.001  
 

Δείκτες αγώνα και δείκτες απόδοσης στα ισορροπημένα σετ 

Στα σετ που έληξαν με διαφορά 3-5 πόντων, η απόδοση νικητριών και ηττημένων ομάδων δεν διέφερε 
σημαντικά σε κανένα δείκτη αγώνα. Στατιστικά σημαντικές διαφορές σε επίπεδο σύγκρισης p<0.001 υπήρ-
χαν σε όλους τους δείκτες απόδοσης που αφορούσαν στην επίθεση (ATTErr%, 5.6% έναντι 8.9%, ATTBlo%, 
7.4% έναντι 11.9%,ATTErr% + ATTBlo%, 13.1% έναντι 20.8% και ATTPts%,51.2% έναντι 45.1%) και σε δεί-
κτες που αφορούσαν στην υποδοχή του σερβίς (PASSPos%+PASSExc%, 66.9% έναντι 60.3%, p< 0.01 και 
PASSErr%, 5.7% έναντι 8.9%, p<0.05). 

Δείκτες αγώνα και δείκτες απόδοσης στα αμφίρροπα σετ  

Στα αμφίρροπα σετ, αυτά που έληξαν με τη μικρότερη δυνατή διαφορά των δύο πόντων, αρκούσε στις 
νικήτριες ομάδες να αποδίδουν καλύτερα από τις ηττημένες (53.6% έναντι 49.2%), μόνο σε ένα αγωνιστικό 
δείκτη, τις τελειωμένες επιθέσεις επί του συνόλου των επιθέσεων (ATTPts%, p<0.001). 
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Πίνακας 2. Ανάλυση ισορροπημένων και αμφίρροπων σετ 

Performance Indicator 

Ισορροπημένα σετ (n=64) Αμφίρροπα σετ (N=55) 

Νικητές 
Μέσος όρος ± 
Τυπική από-

κλιση 

Ηττημένοι 
Μέσος όρος ± 
Τυπική από-

κλιση 

Νικητές 
Μέσος όρος ± 
Τυπική από-

κλιση 

Ηττημένοι 
Μέσος όρος ± 
Τυπική από-

κλιση 

SRVErr% .159±.072 .180±.090 .142±.065 .165±.068 

SRVPts% .057±.053 .038±.037 .046±.049 .045±.039 

PASSErr% .057±.052* .089±.074 .060±.051 .064±.066 

PASSPos%+PASSExc% .669±.148** .603±.136 .657±.144 .658±.130 

PASSExc% .450±.154 .409±.155 .449±.156 .448±.135 

PASSPos% .218±.147 .194±.111 .208±.122 .210±.126 

ATTErr% .056±.047*** .089±.051 .072±.050 .072±.049 

ATTBlo% 074±.051*** .119±.055 .093±.055 .107±.054 

ATTErr% + ATTBlo% .131±061*** .208±.067 .165±.062 .179±.061 

ATTPts% .512±.084*** .451±.095 .536±.092*** .492±.081 

BLOCKpoints/set points .131±.058 .098±.074 .122±.058 .107±.069 

OPPERR/set points .279±.094 .277±.107 .258±.082 .250±.097 

SRVPts/set points .055±.052 .039±.038 .045±.048 .046±.039 

ATTPts/set points .535±.100 586±.131 .575±.086 .597±.104 

*= στατιστικά σημαντική διαφορά για p<0.05 
**= στατιστικά σημαντική διαφορά για p<0.01 
***= στατιστικά σημαντική διαφορά για p<0.001  

 
Στον πίνακα 3 παρουσιάζονται τα αποτελέσματα της σημαντικότητας των δεικτών αγώνα και των δει-

κτών απόδοσης ανά σετ σύμφωνα με την εξέλιξη του. Κατά τη διάρκεια του αγώνα και από σετ σε σετ, ο δεί-
κτης αγώνα που αποδίδει την τεχνική επιδεξιότητα της επίθεσης (ATTPts/setpoints) ήταν σταθερά διαφορο-
ποιημένος μεταξύ νικητριών και ηττημένων ομάδων. Οι ηττημένες ομάδες κατακτούσαν μεγαλύτερο ποσο-
στό των συνολικών τους πόντων από την τεχνική επιδεξιότητα της επίθεσης στα 4 πρώτα σετ των αγώνων. Ο 
δείκτης αγώνα που απέδιδε τα λάθη αντιπάλων (OPPERR/setpoints) δεν εμφάνισε σε κανένα σετ του αγώνα 
διαφοροποίηση μεταξύ νικητριών και ηττημένων ομάδων. Οι δείκτες αγώνα που αφορούσαν στην τεχνική 
επιδεξιότητα του μπλοκ (BLOCKpoints/setpoints) εμφάνισαν διαφοροποίηση στο 1ο και στο 4ο σετ του α-
γώνα, ενώ ο δείκτης αγώνα που αφορούσε στο σερβίς (SRVPts/setpoints) διαφοροποιήθηκε στο 1ο και στο 
3ο. Στις τεχνικές επιδεξιότητες του μπλοκ και του σερβίς, το ποσοστό των πόντων που κατακτούσε η νικήτρια 
ομάδα ήταν μεγαλύτερο από το ποσοστό των πόντων που κατακτούσε η ηττημένη, στην ίδια τεχνική επιδε-
ξιότητα 

Οι δείκτες απόδοσης που αφορούσαν στην τεχνική επιδεξιότητα της επίθεσης (ATTErr%, ATTBlo%, 
ATTErr% + ATTBlo%, ATTPts%,) εμφάνισαν διαφορές σε όλα τα σετ, ενώ οι αντίστοιχοι της υποδοχής διέ-
φεραν στο 1ο και 3ο σετ ως προς τα λάθη στην υποδοχή του σερβίς (PASSErr%) και μόνο στο 3ο σετ ως προς 
το σύνολο των καλών και άριστων υποδοχών (PASSPos%+PASSExc%). Δείκτες απόδοσης που αφορούσαν 
στην τεχνική επιδεξιότητα του σερβίς φάνηκε να έχουν σημαντική διαφορά. Συγκεκριμένα, ως προς τον δεί-
κτη που απέδιδε τα λάθη (SRVErr%) στο 2ο σετ και το δείκτη που απέδιδε τα επιτυχημένα σερβίς (SRVPts%) 
στο 3ο σετ των αναμετρήσεων.  

 Όλοι οι αγωνιστικοί δείκτες που εξέφραζαν την τεχνική επιδεξιότητα της επίθεσης (ATTErr%, 
ATTBlo%, ATTErr% + ATTBlo%, ATTPts%,) ήταν σημαντικοί σε όλη τη διάρκεια του αγώνα, εκτός από τα 
λάθη στην επίθεση (ATTErr%) στο 4ο σετ του αγώνα. Στο 5ο σετ του αγώνα, μόνο οι χαμένοι πόντοι από την 
επίθεση, είτε από χαμένη είτε από μπλοκαρισμένη επίθεση, διαφέρουν σημαντικά μεταξύ νικητριών και ητ-
τημένων ομάδων (11.5% έναντι 21.3%). 

 
 
 



22 
Σ. Δρίκος, κ.ά. / Αναζητήσεις στη Φ.Α. & τον Αθλητισμό, 12, (2014), 17 - 25 
 

Πίνακας 3. Ανάλυση ανά σετ (1ο και 2ο σετ του αγώνα) 

Performance Indicator 

1ο σετ 
(N=46) 

2ο σετ 
(N=46) 

Νικητές 
Μέσος όρος ± 

Τυπική απόκλιση 

Ηττημένοι 
Μέσος όρος ± 

Τυπική απόκλι-
ση 

Νικητές 
Μέσος όρος ± 

Τυπική απόκλι-
ση 

Ηττημένοι 
Μέσος όρος ± 
Τυπική από-

κλιση 

SRVErr% .146±.063 .164±.080 .153±.064* .192±088 

SRVPts% .046±.040 .028±.035 .053±.046 .041±.042 

PASSErr% .044±.059* .075±.056 .066±.058 .082±.063 

PASSPos%+PASSExc% .690±.150 .656±.129 .663±125 .631±127 

PASSExc% .469±.179 .462±.138 .449±168 .429±134 

PASSPos% .222±.136 .194±.103 .214±145 .202±.116 

ATTErr% .054±.051*** .096±.045 .066±.048* .089±.052 

ATTBlo% .070±.051*** .116±.061 .085±.058** .114±.049 

ATTErr% + ATTBlo% .124±.066*** .212±.079 .151±.060** .204±.071 

ATTPts% .539±.070*** .445±.101 .548±.095*** .449±.104 

BLOCKpoints/set points .130±.063* .093±.065 .122±.052 .104±.079 

OPPERR/set points .267±.086 .265±.108 .284±.083 .279±.097 

SRVPts/set points .044±.039* .030±.037 .051±.045 .042±.042 

ATTPts/set points .558±101*** .612±.119 .543±.090*** .576±.108 

*= στατιστικά σημαντική διαφορά για p<0.05 
**= στατιστικά σημαντική διαφορά για p<0.01 
***= στατιστικά σημαντική διαφορά για p<0.001 
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Πίνακας 4. Ανάλυση ανά σετ (3ο, 4ο & 5ο σετ του αγώνα) 

Performance Indicator 

3ο σετ 
(N=46) 

4ο σετ  
(N=28) 

5ο σετ 
 (N=9) 

Νικητές 
Μέσος 
όρος ± 
Τυπική 

απόκλιση 

Ηττημένοι 
Μέσος ό-
ρος ± Τυ-
πική από-

κλιση 

Νικητές 
Μέσος ό-
ρος ± Τυ-
πική από-

κλιση 

Ηττημένοι 
Μέσος ό-
ρος ± Τυ-
πική από-

κλιση 

Νικητές 
Μέσος 
όρος ± 
Τυπική 

απόκλιση 

Ηττημένοι 
Μέσος 
όρος ± 
Τυπική 

απόκλιση 

SRVErr% .151±.073 .176±.074 .138±.066 .168±.072 .099±.096 .139±.114 

SRVPts% 
.072±.050 

*** 
.035±.028 .058±.055 .036±.046 .051±.071 .25±.037 

PASSErr% 
.052±.038 

*** 
.111±.076 .053±.061 .081±.077 .030±.046 .056±.080 

PASSPos%+PASSExc% 
.652±.152 

* 
.594±.130 .647±.174 .594±.151 .738±.133 .653±.179 

PASSExc% .441±.144 .399±.149 .453±.191 .400±.161 .517±.164 .466±.148 

PASSPos% .212±.127 .195±.121 .195±.120 .194±.137 .221±.128 .188±.102 

ATTErr% 
.061±.046 

* 
.092±.059 .067±.044 .085±.056 .037±.039 .058±.052 

ATTBlo% 
.077±.043 

*** 
.128±.062 

.069±.043 
*** 

.134±.071 .078±.092 .155±.051 

ATTErr% + ATTBlo% 
.136±.063 

*** 
.220±.077 

.135±.064 
*** 

.216±.068 .115±.097* .213±.057 

ATTPts% 
.513±.093 

*** 
.427±.094 

.542±.104 
*** 

.438±.102 .565±..112 .494±.092 

BLOCKpoints/set 
points 

.136±.061 .106±.061 
.150±.066 

** 
.085±.056 .175±.093 .114±.129 

OPPERR/set points .259±.085 .287±.099 .258±.083 .283±.103 .179±.093 .195±.147 

SRVPts/set points 
.070±.049 

*** 
.036±.029 .057±.055 .036±.046 .050±.071 .026±.039 

ATTPts/setpoints 
.535±.094 

*** 
.571±.123 .536±.089* .596±.144 .596±.099 .665±.172 

*= στατιστικά σημαντική διαφορά για p<0.05 
**= στατιστικά σημαντική διαφορά για p<0.01 
***= στατιστικά σημαντική διαφορά για p<0.001  

Συζήτηση 

Όλες οι τεχνικές επιδεξιότητες που αποδίδουν άμεσα κατάκτηση ή απώλεια πόντου είχαν στατιστικά 
σημαντική διαφορά για τις ομάδες που κατακτούσαν το σετ σε σχέση με αυτές που το έχαναν. Ο αριθμός των 
σημαντικών δεικτών απόδοσης για την επιτυχία στην Πετοσφαίριση υψηλού επιπέδου μειώνεται όσο μειώ-
νεται η διαφορά των πόντων μεταξύ των δύο διαγωνιζομένων ομάδων. Στα σετ που η διαφορά των ομάδων 
ήταν μεγαλύτερη από 5 πόντους, όλοι οι δείκτες αγώνα, εκτός από τα λάθη αντιπάλου και όλες οι τεχνικές 
επιδεξιότητες όπως εκφράζονται από τους δείκτες απόδοσης, εκτός από την υποδοχή του σερβίς, ήταν δια-
φοροποιημένοι μεταξύ των νικητριών και των ηττημένων ομάδων. Στα σετ που έληξαν με διαφορά 3-5 πό-
ντους, κανένας δείκτης αγώνα δεν εμφάνισε στατιστικά σημαντική διαφορά ανάμεσα σε νικητές και ηττημέ-
νους. Από τους δείκτες αγωνιστικής απόδοσης σημαντικοί ήταν όλοι οι εκείνοι που εξέφραζαν την τεχνική 
επιδεξιότητα της επίθεσης. Επίσης, σημαντικοί ήταν και οι δείκτες στην τεχνική επιδεξιότητα της υποδοχής 
του σερβίς και ως προς το ποσοστό των λαθών που κάνει μία ομάδα, αλλά και ως προς το ποσοστό των υπο-
δοχών που δίνουν τη δυνατότητα στον πασαδόρο της ομάδας να οργανώσει απρόσκοπτα το επιθετικό της 
παιχνίδι. Στα αμφίρροπα σετ, μόνο ο δείκτης απόδοσης που εξέφραζε το ποσοστό των επιθέσεων που παρα-
χωρούσε άμεσο πόντο στην ομάδα που τις εκδήλωνε ήταν αρκετό για να δηλώσει τη διαφοροποίηση μεταξύ 
νικητριών και ηττημένων ομάδων. Αυτό σημαίνει ότι, όσο πιο αμφίρροπο ως προς την κατάληξη του είναι 
ένα σετ, τόσο σημαντικότερη είναι η τεχνική επιδεξιότητα της επίθεσης μιας ομάδας. Στο ίδιο συμπέρασμα 
κατέληξαν πολλοί ερευνητές (Marcelino & Mesquita, 2006a; Marelic et al., 2004; Laios & Kountouris, 2005; 
Zetou et al., 2007;) εξετάζοντας το σύνολο των σετ, καταδεικνύοντας ότι ή επίθεση είναι η πιο σημαντική τε-
χνική επιδεξιότητα στο βόλεϊ ανδρών υψηλού επιπέδου. Τέλος, η άποψη αυτή επιβεβαιώνεται και για τα σετ 
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τα οποία λήγουν με τη μικρότερη διαφορά πόντων που επιτρέπει ο κανονισμός του αθλήματος. 
Η τεχνική επιδεξιότητα του σερβίς φάνηκε ότι ήταν σημαντική μόνο στα σετ που λήγουν με διαφορά 

μεγαλύτερη από 5 πόντους. Στην παρούσα έρευνα δεν επιβεβαιώνεται η προσέγγιση του Marcelino et al. 
(2006), για τη σημασία της τεχνικής επιδεξιότητας του σερβίς στην επικράτηση μιας ομάδας σε αγώνα Πετο-
σφαίρισης, αφού μόνο στην κατηγορία των άνισων σετ υπήρχε σημαντική διαφορά μεταξύ νικητριών και 
ηττημένων ομάδων. Στη κατηγορία των άνισων σετ, οι νικήτριες ομάδες είχαν μεγαλύτερο ποσοστό άμεσων 
πόντων (άσσων) από εκτέλεση σερβίς σε σχέση με τις νικήτριες ομάδες στις άλλες δύο κατηγορίες σετ, δεδο-
μένου ότι η διαφορά που υπήρχε μεταξύ των δύο ομάδων έδινε τη δυνατότητα στην ομάδα που προηγείται 
να «πιέσει» περισσότερο τον αντίπαλο με την εκτέλεση του σερβίς της προσπαθώντας για έναν άμεσο, εύκο-
λο και ξεκούραστο πόντο. 

Στην τεχνική επιδεξιότητα της υποδοχής του σερβίς υπήρξε διαφοροποίηση μεταξύ νικητών και ηττημέ-
νων μόνο όταν αυτή εξετάστηκε επί του συνόλου των καλών και των άριστων υποδοχών του σερβίς και όχι 
κατά την εξέταση κάθε μίας από τις δύο κατηγορίες αξιολόγησης χωριστά. Θα μπορούσε η κλίμακα αξιολό-
γησης της υποδοχής και του σερβίς που είναι αντίστροφες να μειωθεί κατά ένα επίπεδο (Coleman, 1971). 
Χρειάζεται όμως περαιτέρω διερεύνηση ώστε να εξεταστεί και η σχέση των καλών και άριστων υποδοχών με 
την αποτελεσματικότητα στην επίθεση μετά από υποδοχή του σερβίς. Τα λάθη στην υποδοχή είναι σημαντι-
κότερα από τις άριστες υποδοχές. Συμπερασματικά, προτεραιότητα των ομάδων πρέπει να αποτελέσει η α-
ποφυγή του λάθους στην υποδοχή του σερβίς. Σε παρόμοιο συμπέρασμα είχαν οδηγηθεί ο Lobietti, et al. 
(2006), εξετάζοντας δεδομένα του Ιταλικού πρωταθλήματος Πετοσφαίρισης ανδρών. 

Στον διαχωρισμό που έκαναν στις αθλητικές συναντήσεις οι Reed και Edwards (1992), η Πετοσφαίριση 
κατατάχθηκε στα παιχνίδια φιλέ και τοίχου (Net & Wall games). Σε αυτή την κατηγορία των αθλητικών συ-
ναντήσεων στην οποία ανήκουν η Αντισφαίριση (Tennis), η Τοιχοσφαίριση (Squash) και η Αντιπτέριση 
(Babington), οι δείκτες αγώνα (match classification indicators), σύμφωνα με τους Hughes και Bartlet (2002), 
έχουν συμπληρωματικό ρόλο στην εξήγηση των αγωνιστικών δεδομένων μιας αναμέτρησης, αφού τον κυρί-
αρχο ρόλο τον κατέχουν οι δείκτες απόδοσης των τεχνικών επιδεξιοτήτων. Είναι χαρακτηριστικό ότι οι ητ-
τημένες ομάδες στη ροή του αγώνα κατακτούν το μεγαλύτερο ποσοστό των πόντων τους από την επίθεση σε 
σχέση με τις ομάδες που επικρατούν, έχοντας όμως μικρότερο ποσοστό επιτυχίας στην επίθεση. Η μη ύπαρξη 
σημαντικών διαφορών μεταξύ νικητριών και ηττημένων ομάδων στη κατηγορία των δεικτών αγώνα στα 
άνισα και στα αμφίρροπα σετ επιβεβαιώνει αυτή την προσέγγιση.  

Είναι σύνηθες στην Πετοσφαίριση, ότι ο κατά περίσταση νικητής ενός τμήματος του αγώνα, π.χ. ο νικη-
τής ενός σετ, να μην είναι ο τελικός νικητής της αναμέτρησης. Φαίνεται όμως ότι η σημασία που έχει η τεχνι-
κή επιδεξιότητα της επίθεσης είναι ανεξάρτητη από το βαθμό εξέλιξης της αναμέτρησης. Οι υψηλού επιπέδου 
ομάδες ανδρών θα πρέπει να καλλιεργούν μέσω της προπονητικής διαδικασίας τη δυνατότητα, τις φυσικές 
δυνάμεις και την τεχνική, ώστε να έχουν να έχουν υψηλή απόδοση στην τεχνική επιδεξιότητα της επίθεσης 
σε όλη τη διάρκεια ενός αγώνα. Παράλληλα, οι προπονητές των ομάδων θα πρέπει να έχουν αναπτύξει ε-
ναλλακτικές λύσεις στην τακτική της επίθεσης, ώστε να είναι έτοιμοι να αντιμετωπίσουν τυχόν αδυναμίες 
που θα αναδειχθούν κατά τη διάρκεια μιας αναμέτρησης. Για τις άλλες τεχνικές επιδεξιότητες που εμφανί-
ζουν περιοδική σημαντικότητα από σετ σε σετ χρειάζεται περαιτέρω διερεύνηση. Για τις τεχνικές επιδεξιότη-
τες του μπλοκ και του σερβίς, η σημασία που έχουν στο 1ο σετ μιας αναμέτρησης επιβεβαιώνει το αντίστοιχο 
συμπέρασμα του Marcelino, et al. (2009) και Palao, et al. (2004), ενώ δεν υπάρχουν αντίστοιχα ευρήματα για 
τη σημασία του μπλοκ στο 4ο σετ, όπου διαφοροποιούνται σημαντικά όχι μόνο το ποσοστό των μπλοκαρι-
σμένων επιθέσεων αλλά και οι πόντοι από μπλοκ που κατέκτησαν οι ομάδες. 
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Abstract
This study compares the differences in effectiveness of the five volleyball skills 
(serve, reception, attack, block, and dig) between men and women in high-
level tournament games played at the last four consecutive Olympics. Results 
showed that men's and women's volleyball games are completely differentiated 
by two outcome measures. The first one is the higher proportion of faulty serves 
performed by men which is essentially attributable to the 19 cm difference in net 
height, while the second one derives from the fact that men outperform women 
at the execution of the attack.

It is difficult to think of a sport, whether it is a field contest or a team game, that is not 
differentiated into men's and women's competitions. This is justified by the obvious 
distinguishing differences of the male and female phenotypes in strength, acceleration, 
and speed due to men's larger muscle mass (Bishop, Cureton, & Collins, 1987; Miller, 
MacDougall, Tarnopolsky, & Sale, 1993), height, etc. In most sports, men's and women's 
competitions are governed by the same rules and regulations. In volleyball, however, a 
specific difference is the height of the net at 2.24 m in women's competitions and 2.43 m 
in men's competitions (F. I. V. B., 2012).

There have been a number of studies comparing performance and effectiveness of 
different volleyball techniques between males and females. For example, Palao and col-
leagues published a number of studies related to sex differences in volleyball perfor-
mance. Their 2004 article (Palao, Santos, & Ureña, 2004) studied the effect of team level 
on skill performance in volleyball matches of the Sydney 2000 Olympics. The analy-
sis was performed separately for males and females, while the team's level was estab-
lished in relation to the final classification of the team in the competition (level 1: 1st-
4th; level 2: 5th-8th, and level 3: 9th-12th). The findings showed that, in males there was 
a significant difference between teams’ levels for the skills of spiking and blocking. The 
block is the skill that differentiates the teams of level 1 with the teams of level 2. A re-
duction of error in relation to the level of the team is observed. In females there was 
a significant difference in the performance of the attack in the teams of level 1. An in-
crease in success of reception, attack, block and dig in relation to the level of the team 
is observed. The 2009 study (Palao, Manzanares, & Ortega, 2009) analyzed games from 
the XVth Mediterranean Games of Almeria 2005. The variables analyzed were gender, 
type of technique, and efficacy of technique. It was found that the serve most used by 
males was the power jump serve, and by females it was the standing serve. The serve 
was more effective for females than for males, while serve reception was more effective 
for males. The overhead set was the most used set for both males and females. When 
the set was done after a dig, the forearm contact was also used. Males had more effec-
tive sets than females. The standard attack technique was the most used attack. Attack 
efficacy was similar for both genders. The dig technique most often used was the fore-

1Address correspondence to Miltiades Kyprianou, 18 Makrinitsas St., Athens, 11522 Greece or e-mail (miltosk@
gmail.com).Ammons Scientific

www.AmmonsScientific.com

Comprehensive 
Psychology
2015, Volume 4, Article 9
ISSN 2165-2228

DOI: 10.2466/30.50.CP.4.9
© Miltiades Kyprianou 2015
Attribution-NonCommercial- 
NoDerivs CC-BY-NC-ND

Received August 8, 2014
Accepted June 1, 2015
Published June 30, 2015

Citation 
Kountouris, P., Drikos, S., 

Aggelonidis, I., Laios, A., 
& Kyprianou, M. (2015) 
Evidence for differences in 
men’s and women’s volley-
ball games based on skills 
effectiveness in four consecu-
tive Olympic tournaments. 
Comprehensive Psychology, 
4, 9.



Sex Differences in Volleyball / P. Kountouris, et al.

2 2015, Volume 4, Article 9Comprehensive Psychology

arm contact. Dig efficacy was similar for both genders. 
The data showed that use of the techniques and their ef-
ficacy were different for males and females; therefore, 
training methods should also be different. Finally, the 
2010 study (Palao, Leite, Mesquita, & Sampaio, 2010) 
analyzed games from several World Championships 
in 2007. Discriminant analysis was used to identify the 
game-related statistics which better discriminated per-
formances by sex. The analysis yielded an emphasis on 
fault serves, shot attacks, and reception digs. Men's vol-
leyball games were better associated with terminal ac-
tions (errors of service) and women's volleyball games 
were characterized by continuous actions (in defense 
and attack). The authors conclude that these differences 
may be related to the anthropometric and physiological 
differences between women and men and their influ-
ence on performance profiles.

Likewise, a series of two studies was recently pub-
lished comparing the performance of male and female 
volleyball athletes from the 2004 Athens Olympics on 
different techniques. In the first study (Bergeles, Bar-
zouka, & Nikolaidou, 2009), where comparisons were 
made between setters and attackers, it was found that 
the higher the performance of setters, the higher the 
performance of attackers of both genders. Significantly 
lower percentages of male compared to female attack-
ers’ average and very good performances were found 
after receiving good and excellent quality sets, whereas 
significantly higher percentages of good performance 
were shown in favor of male attackers after receiving 
excellent quality sets. In the second study (Bergeles, 
Barzouka & Malousaris, 2010) it was found that perfor-
mance effectiveness in sequential actions of set-to-coun-
ter-attack was similar between genders.

Finally, Laios (2010) showed that men in the 2008 Bei-
jing Olympics volleyball games had significantly high-
er efficiencies in the skills of the pass, reception, and at-
tack, while women had significantly higher efficiencies 
in the skill of the serve. There were no differences be-
tween the two genders in the skills of the dig and block. 
The attacking skills of reception, attack, and block were 
significantly correlated. The same occurs among the de-
fensive skills of serve and block. The logistic regression 
model provided evidence that the efficiency of the set 
may fully predict the gender of the team. In this study, it 
was shown that the use of the percentage of perfect ac-
tions to the total number of attempts as an index of the 
efficiency can differentiate high-level teams of different 
gender. The author concluded that these findings and 
inferences can be used as guidelines to coaches of teams 
of both genders with regards to the skills that require 
further improvement.

The goal of this study was to compare the effective-
ness of the five classic skills in volleyball (serve, recep-
tion, attack, block, and dig) between men and women 
in games played in the last four consecutive Olympic 

tournaments. This longitudinal approach will enable 
the distinction of those differences that remain signifi-
cant over time and consequently differentiate the game 
of volleyball played by the two genders.

Method

Procedure
In all Olympics tournaments both in men's and wom-
en's games there was a preliminary round, where the 
12 teams of each gender were divided in two groups 
of six. In each group, all teams played with each other 
one match. Thus, in this round there was a total of 30 
matches. The first four teams from each group quali-
fied for the quarter-finals. There followed four quar-
ter-final matches, two semi-final matches, and the final 
match for the gold and silver medal plus a match for 
the bronze medal and the fourth position. This brings 
the total number of matches to 38 for each team in each 
tournament. The grand total numbers of matches to 
all tournaments were 152 for each gender. It should be 
noted that all tournaments played with the same regula-
tions. All the data were collected from the official statis-
tical bulletins of all Olympic tournaments both for men 
and women. The heights of all the participant athletes 
were also recorded. At the same time all games were ana-
lyzed with the VirtualDub software (VirtualDub, 2007). 
The agreement with regard to scoring actions, i.e., actions 
that result in an immediate point for either team, was 
100%, while for non-scoring actions it was also almost 
perfect (99.8%).

The following five classic skills were examined: 
serve, reception, attack, block, and dig. A successful 
serve is an ace, i.e., a serve that gives an instant point to 
the serving team, while a faulty serve gives an instant 
point to the opposing team. A successful reception is the 
reception that allows the team to build an attack, while 
a fault in reception gives an immediate point to the op-
posing team. A successful attack gives the point to the 
attacking team, while a faulty attack gives the point to 
the defending team. Likewise, a successful block earns 
the point for the blocking team, while a faulty block 
gives the point to the attacking team. Finally, a success-
ful dig is the dig that allows the team to continue its 
play, while a faulty dig means that the opposing team 
wins the point. As a result, in each Olympiad and each 
gender, 10 variables’ absolute frequencies were counted 
and their proportions calculated using the total number 
of attempts in each skill.

Analyses
The differences in the mean values of the 10 outcome 
measures in their percentage form for men and women 
at the four Olympics were tested with the independent 
samples t test. Likewise, the difference in the mean 
heights between male and female athletes, which were 
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found to follow the normal distribution with the Kol-
mogorov–Smirnov test, was tested with the indepen-
dent samples t test. The level of significance was set at 
0.05. The effect size was also calculated using Cohen's d 
(Cohen, 1988).

Results
The mean height of male players who participated in 
the four Olympics was 197.5 ± 7.2 cm, while for women 
it was 182.6 ± 8.3 cm. The statistically significant dif-
ference (t1150 = 32.8, p < .01, Cohen's d = 1.92) is almost 
15cm, which is 4 cm below the 19 cm difference in the 
height of the net. If the libero players are not taken into 
consideration, since they are not allowed to perform 
serves and attacks, the difference remains roughly the 
same (198.5 ± 6.3 cm vs. 183.9 ± 7.6cm; t1044 = 23.9, p < .01, 
Cohen's d = 2.09).

Figures 1–5 show the proportions of successes and 
faults for each of the five skills for a total of 10 outcome 
measures for men (continuous line) and women (dotted 
line) in each of the four Olympics. The grey and dotted 

columns show the aggregate mean values (with their 
standard errors) for men and women, respectively, over 
the four Olympics. The aggregate mean values over the 
four Olympics are reiterated in Table 1 (showing stan-
dard deviations instead of standard errors). Also shown 
are the results of the t tests between the two genders 
and the associated effect size, expressed as Cohen's d.

Statistically significant differences between the two 
genders were found with respect to the serve faults 
(p < .001), successful attacks (p < .001), and faulty blocks 
(p < .05). The segregation of the two genders by the pro-
portion of serve faults was complete. There was a gap 
of 3.3% of serve faults between the lowest value for men 
(13.6%) and the highest value for women (10.3%) that 
greatly surpassed the additive variance observed in the 
two genders. In fact, as evidenced by the value of Cohen's 
d (4.79), the difference in the mean values is almost five 
times greater than the pooled variance of the two genders.

The same comprehensive discrimination between 
the two genders was observed with regards to the pro-
portion of successful attacks. In this case the gap be-

6%

10%

14%

18%

3%

4%

5%

6%

2000 2004 2008 2012 AggregateAggregateLondonBeijingAthensSydney

Aces Faults
Serves

Fig. 1.  Proportion of aces and faults in the serves for men (continuous line) and women (dotted line) in the four Olympics. The 
grey and dotted columns show the aggregate mean values (with their standard errors) for men and women, respectively, over 
the four Olympics.
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Fig. 2.  Proportion of excellent and faulty receptions for men (continuous line) and women (dotted line) in the four Olympics. 
The grey and dotted columns show the aggregate mean values (with their standard errors) for men and women, respectively, 
over the four Olympics.
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tween the lowest value for men (46.7%) and the high-
est value for women (41.1%) attained the value of 5.6%, 
with a Cohen's d equal to 5.75. The attacking superiority 
of men is enhanced by the significantly higher propor-

tion of faulty blocks of the opposing team with a Co-
hen's d equal to 1.89.

One final point of interest is the continually decreas-
ing proportion of dig faults across the four Olympics.

2000 2004 2008 2012 AggregateAggregateLondonBeijingAthensSydney

49%

42%

35%

18%

16%

14%

Success Fault
Attacks

Fig. 3.  Proportion of successful and faulty attacks for men (continuous line) and women (dotted line) in the four Olympics. The 
grey and dotted columns show the aggregate mean values (with their standard errors) for men and women, respectively, over 
the four Olympics.
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Fig. 4.  Proportion of successful and faulty blocks for men (continuous line) and women (dotted line) in the four Olympics. The 
grey and dotted columns show the aggregate mean values (with their standard errors) for men and women, respectively, over 
the four Olympics.
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Fig. 5.  Proportion of successful and faulty digs for men (continuous line) and women (dotted line) in the four Olympics. The 
grey and dotted columns show the aggregate mean values (with their standard errors) for men and women, respectively, over 
the four Olympics.
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Discussion
The present findings provide evidence that the game of 
volleyball played at the highest level is consistently dif-
ferent in men's games in comparison to women's games 
in two distinct skills. Specifically, men have almost 
twice as many faulty serves, and at the same time they 
outperform women in successful attacks, which is cou-
pled with the opponents’ increased proportion of faulty 
blocks. Both these differences are unbridgeable to the 
extent that just by looking at the game statistics one can 
safely deduce whether it was a men's or a women's vol-
leyball game.

The vast difference in serve faults between men and 
women is the primary repercussion of the 19 cm dif-
ference in the height of the net, therefore it is not gen-
der-related per se. This requires some more explanation, 
since this difference in net height is almost complete-
ly offset by the difference in the heights between male 
and female volleyball players and even overcompen-
sated, since men jump higher than women. It has been 
shown that both in men's and women's volleyball the 
jump serve is the dominant serve (Aggelonidis, 2004). 
The rationale behind this prevailing tendency is not 
only to achieve an ace, but to make reception more dif-
ficult. The odds of winning the rally are overwhelming-
ly in favor of the receiving team (∼65% vs. ∼35% for the 
receiving team). A team that receives a serve without 
any problems will have the chance to choose the best at-
tacking line. Consequently, the serving team's foremost 
strategy is to encumber the opposing team's reception. 
This can only be done with an attacking (jump) serve.

If there were no net, then the server would have no 
difficulty in executing a jump serve and landing it with 
the maximum speed anywhere on the opponent's ter-
rain. The net is an additional challenge: the ball first has 
to pass over it. The best servers hit the ball when they 
have performed their jump, at a height over three me-
ters, and when they are already around two meters in-
side their own backline with an initial horizontal veloc-

ity of the ball around 25 m/s, so that the ball reaches the 
opponents’ backline in less than 0.8 s, minimizing the 
receiver's ability to react (Cairns, 2006; Huang & Hu, 
2007). Taking into consideration the ball's dimensions 
(a circumference of 65–67 cm or adding about 11 cm to 
the height that the ball has to pass over the net), with 
the assumption of no air resistance, and taking the ac-
celeration due to gravity equal to 9.8 m/s, finding a tra-
jectory with all the above conditions satisfied is almost 
a physical impossibility. Solving the problem with the 
height of the net at 2.24 m, one arrives at numerous so-
lutions for the trajectory. It seems that the inventors of 
the volleyball rules have, unknowingly, set an almost 
insurmountable obstacle for the male jump servers.

The above is clarified in the Appendix, where a sim-
ple mathematical model of the ball trajectory of jump 
serves is presented. Although the analysis does not 
claim to be comprehensive, it does however make it 
clear that the net height in men's volleyball poses a con-
straint for the execution of successful jump serves.

However, the resistance of the air comes to the aid 
of the servers. First, solving the projectile motion equa-
tions taking air resistance (drag) into consideration 
seems to be in favor of the servers. But most important-
ly, the servers make use of the Magnus effect by hitting 
the ball with top-spin (Lithio & Webb, 2006). Simply 
put, a ball with a top-spin will cause it to deviate from 
the theoretical parabolic trajectory to one that is more 
elliptical. Both the drag and Magnus effects will cause 
the ball to hit the ground at a shorter distance than the 
theoretically expected one. It should be noted that not 
only men but also women execute the jump serve with a 
top-spin, utilizing its advantages of shorter flight times 
and motion unpredictability.

All the above lead to the conclusion that in men's 
volleyball the execution of a successful attack serve is a 
more complicated task, requiring complex coordination 
of many movements by the server (Häyrinen, Mikko-
la, Honkanen, Lahtinen, Paananen, & Blomqvist, 2011). 

TABLE 1
 Descriptive Statistics (Averaged Over Four Olympics) For 10 Outcome Measures  

(Percentages) For Men and Women With Comparisons by Sex

Outcome
Men Women

t6 p Effect size 
(Cohen's d)M SD M SD

Serve aces 5.0 0.9 4.5 0.7 0.81 .45 0.62
Serve faults 15.2 1.5 8.7 0.2 7.00 .001 4.79
Excellent receptions 60.4 3.7 58.8 6.9 0.42 .69 0.29
Faulty receptions 5.3 1.5 6.3 1.1 −1.01 .35 −0.76
Successful attacks 47.1 0.4 39.6 1.8 8.20 .001 5.75
Faulty attacks 16.5 1.4 15.0 0.5 2.09 .08 1.43
Successful blocks 18.6 1.9 17.0 1.5 1.33 .23 0.93
Faulty blocks 39.0 3.6 31.5 4.3 2.65 .04 1.89
Successful digs 58.2 5.9 63.6 8.1 −1.08 .32 −0.76
Faulty digs 33.4 8.8 27.5 6.2 1.10 .31 0.78
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Most players are willing to risk hitting the net or, more 
often, to land the ball outside the opponents’ court rath-
er than jeopardize their team's performance with an un-
hindered attack from the opponent.

We have to bear in mind that the proportion of suc-
cessful attacks includes also second attacks and coun-
terattacks, which are usually not performed under the 
best of conditions. This proportion would be larger if 
the reception was not performed after a jump serve. It 
is also important to note that the proportion of success-
ful attacks is the one that remained remarkably invari-
ant throughout the four Olympics. No other technique 
in men or women showed similar consistency. The in-
creased capability of men to perform powerful attacks 
high above the net, which increases the probability of 
success, is coupled with their significantly increased 
proportion of faulty blocks in comparison to women.

One other outcome of interest, although not related 
to gender comparisons, is the almost twofold reduction 
of dig faults from the Sydney 2000 to the London 2012 
Olympics. The beginning of this escalating capability in 
better ground defense roughly coincides with the intro-
duction of the libero player in 1998. Already, an analysis 
of games from the 2004 World League showed that the 
intervention of the libero was associated with better ef-
ficacy in defense (Palao, 2007). Similar findings were re-
ported with regards to the Athens 2004 in comparison to 
the Sydney 2000 Olympics (Laios & Kountouris, 2005).

A comment on the statistical analysis currently em-
ployed is warranted. The t tests employed were over 
the averaged proportion in each of the 10 outcome mea-
sures in each of the four Olympics separately for men 
and women. Therefore, there were but eight rows of 
data, which, however, were intransigent and robust as-
sessments of the measured proportions for each Olym-
pic tournament. Two other alternative approaches 
would be to average over the 12 + 12 = 24 teams in each 
tournament that would yield a sample of 96 rows or to 
average over each 152 + 152 = 304 games in each tourna-
ment that would yield a sample of 1,216 rows. Undoubt-
edly, these approaches would yield better estimates of 
the variability of the outcome measures. However, the 
standard errors calculated by dividing the standard de-
viations by the square root of the sample size would re-
vert to the same estimates as the sample sizes in these 
alternative approaches are increased. This is not a con-
jecture, since both these alternatives were actually per-
formed and the differences in the standard errors and 
especially in the average values were infinitesimal. Be-
sides, as already stated, the differences between the two 
genders in the two primary outcomes of serve faults 
and attack successes practically renders the statistical 
confirmation of their significance redundant.

In conclusion, in the opinion of a coach of national 
teams in men's and women's volleyball, “they are com-
pletely different games.” Although the statement sounds 

absolute, the current findings support the notion that vol-
leyball played at a high level follows different pathways 
for men and women. Differences in the serve are gov-
erned mostly by the difference in net height, while all the 
subsequent phases of the rally are governed by the men's 
increased capabilities at the execution of the attack.
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Appendix

A Simple Mathematical Model of the  
Ball Trajectory of Jump Serves

Basic Assumptions

1.	 After the ball is hit, it travels according to New-
ton's law of gravity and no other force, including 
air resistance, is exerted on it.

2.	 When the server throws the ball and then jumps 
to hit it, he moves inside his own court an average 
of 2 m.

3.	 A good jump serve is characterized by an average 
ball velocity of 25 m/s and an average flight time 
of 0.7 s.

4.	 The maximum ball trajectory under the condi-
tion that it will hit the ground inside the oppo-
nent court is achieved when the ball hits the op-
posite corner (see Fig. 6).

According to the above assumptions, the horizontal 
distance travelled by the ball (Sx) is

	 Sx m= ≈+16 7 17 52 2 . .	 Eq. 1

This distance fits well into the above assumptions 
since:

	 V S
t

x
x= = =17 5

0 7
25.

.
m/s    	 Eq. 2

The horizontal distance of 17.5 m, according to the 
figure, can be divided into two parts, the first part being 
from the point it was hit until the net (≈ 7.66 m) and the 
second part being from the net until the point it touches 
the ground (≈ 9.84 m).

According to the above figure, there are two con-
straints set upon the trajectory of the ball. First, it has to 
pass over the net; and second, it has to hit the ground 
inside the court.

Taking the second constraint, we have the following 
equation with regard to the y coordinate, i.e., the verti-
cal distance that the ball travels:

	  S V t gty y= +0
21

2
� Eq. 3

where Sy is the vertical distance travelled by the ball 
(3.30 m), g is the acceleration due to gravity (9.8 m/
s2), t is the time of the ball flight (0.7 s), and V0y is the 
unknown initial vertical velocity of the ball. Solving for 
this unknown, we get:

	 V
S gt

t
y

y

0

21
2=

−
.� Eq. 4

Substituting with the known values we get:

	 V =1.28m/s0y � Eq. 5

Now, we must check whether this initial vertical ve-
locity will satisfy the first constraint. The ball reaches 
the net at:

	 t=7.6/25=0.306s � Eq. 6

During this time, using Equation 3, the ball will 
have travelled downward by:

	 S=0 85. m .� Eq. 7

Subtracting this height from the height that the ball 
was hit:

	 H m= − ≈3 30 0 85 2 45. . . .� Eq. 8

This height H is obviously less than the minimum 
required height of the ball in order to pass over the net 
in men's games (2.54 m) by 9 cm. At the same time, this 
height is greater than the minimum required height of 
the ball in order to pass over the net in women's games 
(2.35 m) by 10 cm. Trying to satisfy the first constraint of 
the ball passing over the net, according to Equation 4:
	 V m/s0 0 98y = . � Eq. 9

In order to find the time that the ball stays in the air, 
we must rearrange Equation 3 and solve in terms of t 
the quadratic equation in equation 10 and get the posi-
tive value for t

	
1
2

02
0gt V t Sy y+ − = .� Eq. 10

The solution gives:
	 t =0 727. s � Eq. 11

But we already know that at t = 0.7 the ball will have 
reached the court limits. In this extra 0.027 s the ball will 
miss the line by:
	 D=0.027 *25 0.67m.≈ � Eq. 12

Fig. 6.  Plan of the volleyball showing the maximum horizontal 
trajectory of the ball (dashed line) under the above assumptions.

7.66 m

3.30 m 2.54 m

17.50 m

9.64 m

Fig. 7.  The parabolic trajectory of the ball (dashed line) from 
the hit point, over the net, and to the touchdown.
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Abstract 
The purpose of the present study was to investigate the time characteristics four 
consecutive Olympic Games after the implementation of the new regulations, both in men 
and women. Data concerns the points and the duration of the set and the match as well 
and the total match duration, from Olympic volleyball games (Sidney 2000, Athens 2004, 
Beijing 2008 and London 2012). In total 312 matches were analyzed. Results indicated a 
continuous significant increase in the set and accordingly match durations, both in men 
and women. Overall the mean set duration for each of the first four sets increased from 
around 22 minutes in Sydney to 26 minutes in London and the fifth sets increased from 
around 15 minutes to 17.5 minutes respectively. This may be is a consequence of the 
teams’ primary commitment to performance improvement in the defense tactics and the 
special attention given to the avoidance of faults. In conclusion, the implementation of the 
new rules since 2000, especially those related with the change to the rally point system, 
with each set played to 25 points and the introduction of rule for libero player have forced 
volleyball coaches and players to reevaluate their strategies and tactics in the goal of 
winning a rally, a set and a game. The collateral prolongation of the rallies and the 
increased uncertainty of the outcome have undeniably made the game more spectacular 
and intriguing to watch. 
Keywords: Volleyball; Time characteristics; Rules. 

1 Introduction  
From the beginning of 1990’s the most important topic in volleyball was whether F.I.V.B. 
would establish a new rally scoring system. A number of coaches were against this rule, 
because it would oblige them to reevaluate their strategies and tactics and to develop new 
ones (Thinnes, 1992). This rule, however, eventually became a reality. The result, as was 
expectedly planned, was to have shorter sets due to a significant decrease in the number 
of rallies per set in comparison to the previous counting system (Kountouris & Laios, 
2000b; Van Aartrijk, 2000).  

At the beginning of the new century, when FIVB established the new regulations, the 
plan was to shape a game more competitive, therefore more attractive and 
comprehensible for the spectators (Kountouris et al., 2001) and a game within certain time 
limits that would meet the demands of television broadcasts (Kountouris & Laios, 2000a,b; 
Urena, 2000). The implementation of the new rules put into practice a new specialization 
for volleyball players, namely the libero player (Aggelonidis et al., 2003), but the main 
reason was to fix the duration of the game for broadcasting reasons. Towards this end a 
new point system was applied, named the “Rally Point System” (RPS), instead of previous 
“side out” counting system. According to RPS the team that wins a rally scores a point, 
irrespective of whether it was serving or receiving. The game is won by the team that first 
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wins three sets, so the total number of sets played can vary from three to five. All sets, 
except the fifth deciding one, are won by the team that first scores 25 points with a 
minimum of two points advantage. The fifth set is won by the team that first scores 15 
points with a minimum two points advantage (F.I.V.B., 1999). The RPS proved to be more 
benevolent to the weaker teams, in that with the new system their chances of winning a 
point, a set, or even the game, were enhanced (Kountouris & Laios, 2000a).  

In the Olympic Games Volleyball tournament of Sydney 2000 the participating teams 
were obliged for the first time to compete according to a series of new rules, instituted by 
the Federation International of Volleyball (F.I.V.B., 1999). These rules became compulsory 
to all countries-members of the federation from 01-01-2000. The same rules applied in all 
consecutive Olympic Games Volleyball tournaments (Athens 2004, Beijing 2008 and 
London 2012). In a previous article that compared time characteristics of the game 
between the Sydney and Athens Olympic Games Volleyball tournaments, it was indicated 
that four years later in Athens time characteristics continued to be influenced by the impact 
of the new regulations (Kountouris, 2005). The present study follows the basic 
characteristics of the game including in the analysis the matches of the Beijing 2008 and 
London 2012 Olympics.  

Therefore, teams try to adapt their play as much as possible to the new conditions of 
the game and primarily to avoid mistakes that would give effortless points to the 
opponents. All game strategies are coordinated effectively and tactical cooperation or 
individual actions are well prepared to support maximum performance (Froehner & 
Zimmerman, 1996a,b,c). Therefore the teams’ tendency to perform perfectly every skill 
and tactic of the game became even more demanding, so as to avoid scoring 
disadvantages (Ahrabi-Fard & Huddleston, 1996). The scoring disadvantage arises from 
the fact that there is a two-point difference when a team loses a point instead of winning 
it. It was assumed that such a tendency would eventually lead to increased rally duration, 
because of the player’s effort to keep the ball “alive” in waiting for the opportunity to gain 
the point. In additional the men’s teams in Athens Olympic Volleyball competitions 
demonstrated a strong tendency of improvement of dig efficiency (Laios & Kountouris, 
2005).  

This article focuses on these notions and investigates whether there are notable 
changes in match and set duration in elite men’s and women’s volleyball games within the 
four consecutive Olympic Games volleyball competitions. 

2 Method  

2.1 Sample and procedure 
Data was collected from the official score sheets and official bulletins of F.I.V.B of 312 
men’s and women’s matches from all competitions. In each competition, there were 38 
men’s and 38 women’s matches. These included 30 matches from the preliminary round, 
4 from quarter final, and 2 from the semi-final and final rounds. Also included are the 
eight classification matches for the fifth to eighth positions from the Sidney competition. 
F.I.V.B. decided that these matches in the Olympic Games, beginning from Athens, 
would not be held. On the whole, 1147 sets were played in all competitions, 578 sets 
were for men's matches and 569 for women’s. All competitions were held with the same 
regulations, which provided identical conditions with regard to the interruption time 
among sets and the number and length of the time-outs. The elite teams were present at 
all competitions. 
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2.2 Data  
The collected data were the set, match and total match duration (MD-TMD), the number 
of points played per set and per match, as well as the final match result. Set duration 
represented the playing time of each set of the match, including all time-outs. The timeouts 
that can be requested in each set are two per team and last for 30 seconds. The two 
technical time-outs have duration of 60 seconds each, during sets 1 through 4, and are 
applied automatically when the leading team reaches the 8th and 16th points of each set. 
In the fifth set, there are no technical time-outs (F.I.V.B., 2011-12, rule, 15.4.1). Match 
duration is equal to the sum of the duration of the individual sets minus the three minutes’ 
breaks among sets. Total match duration includes the match duration plus the time for 
breaks among the played sets. 

2.3 Statistical analysis  
Statistical analysis was performed separately for men and for women. Distributions of set 
scores across the four Olympics were tested with the chi-square test. Match durations with 
the same set scores (3-0, 3-1 or 3-2) across the four Olympics were subjected to ANOVA 
followed by post-hoc pairwise comparisons with Bonferroni corrections. Significance was 
set at the 0.05 level.  

Dividing the match duration (MD) in seconds by the total number of rallies we obtain 
a crude estimate of the time interval between two consecutive serve executions. Actually, 
this time interval is somewhat inflated, since in the set duration are also included the time-
outs intervals. However, since the rules have remained the same, any observable 
differences across the four Olympics will be totally attributed to differences of the actual 
play time of the rallies. 

3 Results  
In 161 from the overall total of 312 games (51.6%) the final score was 3-0 with mean total 
match duration 75.7±8.8 minutes. There were 91 games (29.2%) with a final score of 3-1 
with mean total match duration 106.7±9.5 minutes.  

 

 
Figure 1. Distribution of the games depending on the final set scores for men across 

the four Olympics. 
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Finally, there were 60 games (19.2%) with a final score of 3-2 with mean total match 
duration 129.6±11.9 minutes. As figures 1 and 2 show, the distributions of the set scores 
across the four Olympics did present some irregularities, although the chi-square test has 
shown that neither for men, nor for women did these differences achieve significance. 

 

 
Figure 2. Distribution of the games depending on the final set scores for women across 

the four Olympics. 

As it can be seen from figures 3 and 4 and corroborated by ANOVA analysis, match 
durations have significantly increased across the four Olympics, especially from Sydney 
2000 to Athens 2004 and from Beijing 2008 to London 2012. Overall 3-0 games have 
increased from around 63 (± 5.9) minutes by an additional 13 minutes totaling to 76 (± 7.9) 
minutes; 3-1 games have increased from around 89 (± 5.4) minutes by an additional 17 
minutes totaling to 106 (± 7.0) minutes and 3-2 games have increased from around 104 
(± 8.9) minutes by an additional 23 minutes totaling to 127 (± 9.0) minutes. It is interesting 
to note that 3-1 games in London 2012 lasted as long as 3-2 games in Sydney 2000. 
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Figure 3. Means of match duration (MD) in minutes for three, four and five-set games 

for men across the four Olympics. 

 

 
Figure 4. Means of match duration (MD) in minutes for three, four and five-set games 

for women across the four Olympics. 

Overall the mean set duration for each of the first four sets increased from around 22 
minutes in Sydney 2000 to 26 minutes in London 2012, with the first set being generally 
shorter in duration than the other three sets. Likewise the fifth sets increased from around 
15 minutes in Sydney 2000 to 17.5 minutes in London 2012. On the contrary, as figures 5 
and 6 show, the average total number of rallies played, depending on the final set score, 
has remained practically the same across the four Olympics. Overall the mean total 
number of rallies played in each of the four sets was around 45 for each of the first four 
sets and 29 for the fifth set.  
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Figure 5. Means of total rallies for three four and five-set games for men across the 

four Olympics. 

 

 
Figure 6. Means of total rallies for three four and five-set games for women across the 

four Olympics. 

Combining the above two results of the significant increase of the set duration in 
conjunction with stability of the total number of rallies played, the obvious conclusion is 
that there is a significant increase of the rally duration. This can be visually observed from 
figures 7 and 8 and confirmed by the results of the ANOVA procedure with difference 
between two consecutive serves as the dependent variable and the Olympics as the 
independent variable (for men, F(3,152)=96.4, p<0.001, for women, F(3,152)=79.4, 
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p<0.01). Overall from the Sydney 2000 Olympics to the London 2012 Olympics there is 
an absolute increase of the rally duration of around six-and-a-half seconds.  

 

 
Figure 7. Mean differences between two consecutive serves (in seconds) for men 

across the four Olympics. 

 

 
Figure 8. Mean differences between two consecutive serves (in seconds) for women 

across the four Olympics. 

4 Discussion  
Four-set games take an additional half-hour to complete in comparison to three set games, 
while five-set games require an extra time of around twenty-three minutes in comparison 
to four set games. Similar findings were presented by the comparison between Sydney 
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2000 & Athens 2004 Olympics, both for men and women (Kountouris & Laios, 2005). That 
means the new regulations still influence time characteristics of the game sixteen years 
after their implementation. Considering that there cannot be a safe prediction of the final 
number of sets that will be played in a particular volleyball game, the scheduling of 
consecutive games in a competition taking into consideration the requirements for TV-
broadcasting is not an easy task.  

Notwithstanding the indirect way of its calculation, without doubt in the four Olympics 
we have witnessed an increasing rally time duration, both in men and women. As it has 
already been discussed, the primary reason for these trends is the implementation of the 
new rules in the game of volleyball, the most notable of which is the rally point system 
(RPS). The significant decrease of the number of rallies per set, in conjunction with the 
fact that in the RPS there is a two-point difference when a team loses a point instead of 
winning it, have dramatically changed the attitude of volleyball coaches and players toward 
the game.  

Evidently the primary adaptation was related to performance improvement in the 
defense tasks and the special attention committed to the avoidance of faults (Laios & 
Kountouris, 2005). Towards this end, the introduction of the libero player proved to be 
quite helpful. Moreover, the specialization of the players and the extension of the second 
libero in the players of the team (F.I.V.B., 2010, rule 19.4.1), using the one with the 
specialization of receiver and the other as defender perhaps will probably result in a further 
increase of the rally duration and consequently the duration of the set and the match.  

Finally, the two and a half full rotations per set and one and a half full rotation at the 
fifth set on average (Laios & Kountouris, 2010), perhaps leads the coaches to adapting 
their training to these demands of the game and consequently we shall see players with 
higher level performance, which help the extension of the rally duration.  

In conclusion, the implementation of the new rules as from 2000, especially those 
related to the implementation of the rally point system, with each set played to 25 points 
and the introduction of libero players have forced volleyball coaches and players to 
reevaluate their strategies and tactics in the goal of winning a rally, a set and a game. The 
collateral prolongation of the rallies together with the increased uncertainty of the outcome 
has undeniably made the game more spectacular and intriguing to watch. 
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Abstract 
In Volleyball, complex 1 consists of pass-set-attack skills in this specified order. This 
sequence is a stable pattern to win a point. Furthermore, it is important for teams’ success. 
Taking into account that this pattern is a first-order Markov chain, the creation of a 
probability transition matrix is feasible. Assuming multinomial likelihood with a Dirichlet 
prior on the transition probabilities a Markovian transition matrix can be constructed, and 
the calculation of conditional success probabilities is, thus, achievable. Data from the 
performance analysis of the winning team from recent world championships in three age 
categories (U19, U21, Men) of male Volleyball is used. Evaluation of the pass through a 
six-level ordinal scale is possible after the validation of the entire scale. The findings lead 
to redefining target pass area and to shrinking the evaluation scale at least for the teams 
under study. Moreover, pass accuracy is necessary because it must give at least two 
options for attack, but not sufficient condition for the success of attack in all age categories 
for male Volleyball. In U19 age category, there is a lack of stabilization in the complex 1 
sequence after pass against jump spin serve. 

Keywords: Volleyball; pass; age categories; evaluation scale; Bayesian analysis; 
conditional probabilities. 

1 Introduction  
Volleyball consists of 3 stable patterns to win a point: pass-setting-attack after pass- 
outcome serve-outcome and block-dig- setting- attack after dig or counterattack-outcome 
(Florence, Fellingham, Vehrs, & Mortensen, 2008). For each pattern three are the possible 
outcomes: win a point, continuation of the action and a point for the opponent. In rally point 
system the pattern pass-setting-attack after the pass is the necessary condition to claim 
the victory because in terms of probability winning a point when receiving is easier than 
winning a point when serving (Calhoun, Dargahi-Noubary, & Shi, 2002; Ferrante & 
Fonseca, 2014).  

Winning teams were significantly better in attack after pass than losing teams 
(Hayrinen, Hoivala, & Blomqvist, 2004) and attack after pass emerged as a decisive factor 
for team’s success (Patsiaouras, Charitonidis, Moustakidis, & Kokaridas, 2009). It is 
crucial for a team to organise a tactically well-structured and highly synchronised offensive 
game after receiving opponents serve.  It is the hierarchical order of skills in Volleyball 
(Nishijima, Ohswava, & Matsuura, 1987) that makes the performance in one skill depend 
on the performance in the previous one. The precise pass is a powerful aggressive tool 
for high-level teams and is a good predictor for winning (Zetou, Moustakidis, Tsigilis, & 
Komninakidou, 2007). For many coaches receiving well is a guarantee for a winning 
attack. The connection between quality of pass and achievement in attack is undoubted 
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for men age category in many types of research (Barzouka, Nikolaidou, Malousaris, & 
Bergeles, 2006; Eom & Schutz, 1992; Papadimitriou, Pashali, Sermaki, Mellas, & Papas, 
2004). Α partial rejection of this belief is suggested by Lobietti, Michele, & Merni (2006) 
who proposed that passing accuracy does not appear so fundamental, but it is important 
avoiding passing errors. 

Most of the studies have focused on top level competitions and only a few of them 
deal with the development age categories. For U19 age category attack after the pass is 
a good discriminator for a team’s performance, while the pass is not (Durkovic, Marelic, & 
Resetar, 2009). According to Costa G. C., et al. (2011) pass is not determinant of the 
attack effectiveness in the age category of U19 due to the fact that because of lack of 
players’ maturity the game is not well intergraded.  

An important issue when recording pass is the instrument to be used for its evaluation. 
Initially, the evaluation scale for pass which was used by researchers was consisted of 
three levels (excellent performance, continuity of the rally, error) (Marcelino & Mesquita, 
2006; Marcelino, Mesquita, & Sampaio, 2009; Marcelino R., Mesquita, Palao, & Sampaio, 
2009; Nishijima et al., 1987). This scale is used by F.I.V.B. and is called V.I.S. (Volleyball 
Information System) (F.I.V.B., 2017). There are also analyses (Barzouka et al., 2006; 
Durkovic et al., 2009; Hayrinen et al., 2004; Florence et al., 2008; Marelic, Resetar, & 
Jankovic, 2004) which have used as an instrument of pass evaluation a 5-point numerical 
rating scale, with 0 representing an error and 4 representing a perfect execution. This 
scale was introduced and validated by Eom & Schutz (1992).  Moreover, a 6-level ordinal 
scale was used to rate passes without a discriminate recording for passes against jump 
spin and jump float serve (Miskin, Fellingham, & Florence, 2010). 

The vast majority of previous analyses were carried out using accumulated data of 
volleyball skills in order to determine the most important of them with the use of statistical 
techniques as Chi-square test (Lirola & Gonzalez, 2009; Monteiro, Mesquita, & Marcelino, 
2009), multivariate techniques as discriminate analysis (Drikos & Vagenas, 2011) or 
logistic regression (Pena, Rodriguez - Guerra, Busca, & Serra, 2012)  or even  with 
multidimensional scaling analysis (Zirhlioglu, 2013).  The assumption that pass-setting-
attack after pass pattern is a first-order Markov chain allows the recording of these 
sequences in a transition probabilities matrix where data of the matrix represent the 
probability to move from one state to another and, finally, to an outcome. With the use of 
the Bayesian analysis, the past team’s performance or the coaches’ opinions about 
passing effects in the attack can be taken into consideration as a prior distribution in order 
to create with actual data the posterior distribution and, consequently, the conditional 
success probability.  

Thus, the aim of this study is to validate a 6-level ordinal scale for evaluation of pass 
and to determine the influence of each level of a pass to the success of attack in 3 different 
age categories (U19, U21, Men) for male high-level Volleyball. 

2 Method 
All recorded data refer to the performance in pass and attack after the pass of the winning 
team of the world championship for national teams in three age categories for male 
volleyball. All data record the performance on selected matches of the World national team 
champions (Poland in Men, 2014; Russia in U21 and in U19 for 2013). Thus, the initial 
sample (N=) was 815 for Men, 525 for U21 and 407 for U19 passes respectively. For the 
evaluation of pass, a 6-level ordinal scale was used with the 1st level being a passing error 
and the 6th level to be a pass performed in an optimal way. In Table 1 the performance 



 Drikos, S. 

 430 

ratings and a brief description of each passing level are presented.  Attack was evaluated 
with three possible outcomes: point for the team under observation, rally continuation and 
point for the opponent. 

Table 1. Performance ratings for pass (vs Jump Spin & Jump Float Serve). 
Level code 
(Level Symbol) 

Level brief description 

6(#) The ball was passed accurately with a suitable height, speed and parabolic 
trajectory in the target area (3m-4m from the right sideline and about 30-50 cm 
from the net or over 30-50 cm over the net if setter has the ability to jump 
setting). The setter could have all the options (location & type) for a set from 
the sidelines and the central lane without any adjustments in his approach to 
the ball. 

5(+) The ball was passed either away (1m. behind or 2m. in front the target area), 
or travelled higher, or lower (setter’s shoulder level). The setter could have all 
the options for attack (location & type) from the sidelines and the central lane 
with adjustments in his approach to the ball. 

4(!) The ball was passed with either 3m. away from the net or near the sidelines or 
to the top of the net. The setter could have two options for attack only from the 
sidelines.  

3(-) The ball was passed with very poor parabolic trajectory or near the sidelines, 
end line or outside of the court. The setter could have just one mandatory option 
for attack or the setter could not approach the ball and another player sets the 
ball mandatory. 

2(/) The ball was passed directly to the serving team court. No option for attack for 
the receiving team. 

1(=) The ball hit the floor directly or after touched by a receiver. The rally was ended 
after 1st or 2nd contact. 

 
The evaluation of a scale’s content validity is a critical step in reinforcing the validity 

of an instrument. To evaluate each item level, 4 expert coaches were asked to rate the 
relevance of each item on a 4-point scale (1= not relevant, 2= somewhat relevant, 3= quite 
relevant, 4= highly relevant)  (Davis, 1992) after the presentation of the detailed 
description of each level. Then, the Scale-Content Validity Index (S-CVI/Ave) is computed 
as an average across items. Acceptable value for S-CVI/Ave is 0.90 (Polit, Takano Beck, 
& Owen, 2007). Also, Scale Content Validity Index with Universal Agreement between 
experts (S-CVI/UA) is computed with an acceptable value of 0.80 (Polit et al., 2007).  

Based on the fact that decision accuracy is a type of criterion reference validity proper 
for sport performance analysis (O' Donoghue, 2010, p. 152), a tape of a five-set World 
League match 2015 which contained 189 passes was presented to 4 experts in 
performance recording of volleyball skills with a brief description of the 6 levels scale for 
pass. The experts were asked to assess the performance and evaluate passes using Data 
Project software (Data Project, 2000). The aim of this additional procedure was to obtain 
feedback about whether analysts have a commonly agreeable evaluation of pass 
performance based on the 6-level scale. Each possible pair of observers were checked 
with the computation of Adjusted Cohen’s κ with an acceptable value of 0.80 (Altman, 
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1991).  
The observer was a volleyball coach, expert in evaluation and recording of volleyball 

performance data and excellent user of the software. The interobserver reliability of the 
data collection and recording was checked by a test-retest procedure, with a one-week 
interval, from a random sample of 100 actions of stable pattern pass-set attack after pass-
outcome for each one of the teams under observation. As the acceptable value of Adjusted 
Cohen’s κ is set 0.80 (Altman, 1991). 

Every time the opponent serves the ball on the side of the observed team a sequence 
of events takes place that follows a specific scheme: pass–set–attack after pass–outcome. 
An assumption that this scheme is a first-order Markov chain is stated. This sequence was 
recorded in a transition probability matrix where data of the matrix represent the probability 
to move from one state to another and finally to reach an outcome. 

A Bayesian model to estimate the transition probabilities, and through them, the 
success probabilities were made. In this way three (one for each team) transition 
probabilities matrices were created. The multinomial likelihood for each row (i.e. level of 
the pass) was assumed. Given that the interest was in what the data suggest on the 
relationship between the different states of the sequence, a non-informative prior 
distribution is assumed. A conjugate Dirichlet prior distribution was used where each row 
of the prior parameters were all assumed to be equal to one (except those that were 
constrained to be zero). All conditional probabilities scores were calculated using a simple 
Monte Carlo scheme of 10,000 iterations to acquire a random sample from the posterior 
distribution. For a detailed description of the model see Drikos & Ntzoufras (2015). 

3 Results  
Table 2 shows the S-CVI/Ave as the average of the I-CVI (Item-Content Validity Index) for 
all the items on the scale. Also, in Table 2 the S-CVI/UA is presented as a proportion of 
items given a rating of 3 or 4 by all the raters involved. Both indexes have acceptable 
values. So, the pass rating scale with 6 levels has excellent content validity as it is 
composed of items that have an S-CVI/Ave above 0.90 and an S-CVI/UA above 0.80. 

Table 2. Validity indexes for pass evaluation scale. 
Validity Indexes Evaluation scale for Pass 

Scale Content Validity Index (S-CVI) 0.96 

Scale Content Validity Index with Universal Agreement 
between experts (S-CVI/UA) 

0.83 

 
Table 3 shows the Adjusted Cohen’s κ of each possible pair of experts-raters. All values 
are above 0.80. According to Altman’s (1991) interpretation scheme, experienced raters 
have a very good commonly agreeable opinion when evaluating pass performance based 
on a 6-level ordinal rating scale. Considering that the raters were given a brief description 
of the criteria for each level of pass, it can be concluded that the criteria were sufficiently 
defined with an acceptable degree of practical applicability. 
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Table 3. Agreement between raters for the validity of observation criteria. 
 K1-K2 K1-K3 K1-K4 K2-K3 K2-K4 K3-K4 

Adjusted 
Cohen’s κ 

0.9006 0.8465 0.8310 0.8800 0.8523 0.8452 

The interobserver reliability in evaluation and recording of data was well established 
because of acceptable Adjusted Cohen’s κ values calculated after the test-retest 
procedure. The values were 0.91 and 0.90 for a pass against jump spin and jump float 
serve respectively. 

The posterior means of unconditional probabilities for each no terminal level of the 
evaluation scale for jump spin and jump float serve are presented in Table 4. Level 1 of 
pass scale is a terminal level and its probability to move to another state or to reach a 
positive outcome is zero. For level 2 of the pass, there is a noticeable finding. After 
overpass against jump spin serve the receiving team keeps a sufficiently higher probability 
(0.45) to win a point than to keep the ball in its court and have a mandatory attack (level 
3). As expected, the pass in level 4, 5, and 6 of the scales have higher conditional 
probabilities.  An important increase of probability to win a point is obvious when the pass 
is evaluated as level 4 (two options from sidelines) contrary to evaluation as level 3 (one 
mandatory option for the setter). This increase is 0.21, 0.16, 0.28 against jump spin serve 
and 0.19, 0.19, 0.16 against jump float serve for Men, U21, and U19 respectively. For U19 
against jump serve the probability to win a point with pass level 4 is higher than with more 
precise passes (levels 5&6). Comparing success probabilities between levels 5 & 6 it is 
clear that more precise pass (level 6) does not mean higher success probabilities. Taking 
into consideration the standard deviation of each posterior mean, it is clear that success 
probabilities of a pass in levels 5 & 6 are almost equal for each age category. Also in Table 
4, the tail posterior probability level of differences across age categories for each level of 
pass evaluation scale is presented. It is remarkable that U19 team has a significantly 
higher probability of taking a point after a pass level 4 against both types of serve 
(offensive options only from sidelines) than U21 and Men team. Also, the U19 team has a 
higher probability to gain a point after an overpass against jump spin serve than both U21 
and Men. Meanwhile, the U19 team has a higher probability of winning a point compared 
to U21 when the pass from a float serve is accurate on the net (level 6). 
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Table 4. Posterior means (±sd) of conditional probabilities and summary of posterior 
differences across age categories for each no terminal level of pass evaluation scale. 

Skills (Si) Skills 
(sub) 

Men U21 U19 Posterior 
differences* 

Pass in 
Jump Spin 

2(/) 0.274 (±0.058) 0.266 (±0.053) 0.454 (±0.124) Men, U21<U19 

 3(-) 0.308 (±0.038) 0.337 (±0.055) 0.307 (±0.090)  

 4(!) 0.548 (±0.022) 0.515 (±0.033) 0.631 (±0.045) Men<U19, 
U21<<U19 

 5(+) 0.593 (±0.022) 0.548 (±0.029) 0.605 (±0.045)  

 6(#) 0.589 (±0.0212) 0.545 (±0.032) 0.565 (±0.048)  

Pass in 
Jump Float 

2(/) 0.256 (±0.046) 0.188 (±0.069) 0.281 (±0.049)  

 3(-) 0.325 (±0.039) 0.304 (±0.052) 0.412 (±0.079)  

 4(!) 0.539 (±0.024) 0.513 (±0.031) 0.603 (±0.035) Men<U19, 
U21<<U19 

 5(+) 0.581 (±0.022) 0.563 (±0.027) 0.616 (±0.031)  

 6(#) 0.569 (±0.022) 0.558 (±0.026) 0.629 (±0.030) Men<U19, 
U21<<U19 

* Inequalities indicate important differences between age categories: Age category A has lower success rates 
than age category B with posterior probability less than 0.01 ("A<<<B"), between 0.01 and 0.05 ("A<<B"), 
between 0.05 and 0.10("A<B"). 
 

A detailed preview of success unconditional probabilities is provided in Figures 1&2. 
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Figure 1. Box-plot (with outliers) of success conditional probability of each no terminal 

level of evaluation scale for a pass in Jump spin serve. 
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Figure 2. Box-plot (with outliers) of success conditional probability of each no terminal 
level of evaluation scale for a pass in Jump float serve. 

4 Discussion 
The target for the receiver is an area close to the net or sometimes over it (3m-4m from 
the right sideline and about 30-50 cm from the net or over 30-50 cm over the net if the 
setter has the ability for jump setting). The pass that is directed to the court of the serving 
team (2nd level, that is to say, overpass) and the pass with the one-option setting (3rd 
level of the evaluation scale) have the same characteristics at all ages, with an exception 
of U19 only for a pass against jump spin serve. The penalty for the overpass is higher 
compared to this for a 3rd level pass. Also, the pass level 6 on the net or too close to the 
net does not present higher probability compared to 5th level. Silva, Lacerda, & Joao 
(2014) have mentioned the possible difficulty of the setter to handle a ball on the net. 
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These findings follow the conclusions of Miskin et al. (2010) that, at least for the teams 
under consideration, the target area of a pass on the net must be more conservative.  

In all age categories, the probability of winning a point in the stable pattern pass-set-
attack after the pass is above 0.5 when the pass is evaluated on levels 4, 5, 6 of the 
evaluation scale. Thus, the first priority for a team should be to keep the ball in its court 
giving the setter the opportunity to choose at least between two attackers from the 
sidelines (outside hitter and opposite). The coaches’ belief that a good pass is a guarantee 
for an effective attack can be more specified by pointing out that a pass which secures at 
least two attacking options increase the probability of a successful attack for all age 
categories in male Volleyball. This is in partial agreement with many studies about the 
relationship between pass and attack (Barzouka et al., 2006; Eom & Schutz, 1992b; 
Marelic, Resetar, & Jankovic, 2004; Papadimitriou et al., 2004). The lack of discrimination 
between the 5th and 6th level of evaluation scale according to success probabilities ensures 
the finding of Lobietti et al. (2006) that passing with high accuracy is not a necessary 
condition for a successful attack. Also, this means that, at least for the teams under 
examination, the passing rating system has to be changed. A possible junction of 5th and 
6th level should be examined.  

The large discrepancy of success probability from 1st, 2nd and 3rd in relation to 4th, 5th, 
6th level of the pass evaluation scale is a clear message that the probability of success is 
not increasable as the evaluation grade gets higher. This phenomenon is observed in all 
age categories. There is no a fixed interval between levels of the scale, thus the 
assumption of treating ordinal data as numerical data and the use of descriptive statistics, 
such as mean and standard deviation, for the evaluation of teams’ or players’ performance 
may be groundless. The same has been concluded by Florence et al. (2008) after 
examination of a college women’s volleyball team.  

It is difficult to explain the finding that the U19 team has higher probabilities after an 
overpass against jump spin serve instead of keeping the ball in its court with only one 
option for attack. It is clear that this analysis is applicable only to these teams, their level 
and their opponents and generalisations may be not applicable to other teams. In the 
model, only the next two touches of the team under observation were recorded, so it is 
highly likely that a point after an overpass is due to opponents’ error. But even with this 
assumption, it is important to mention that the jump spin serve has higher speed than jump 
float serve (Pena, Busca, Galceran, & Bauza, 2013). For this reason, the reaction time for 
receivers is reduced in <0.5s (Katsikadelli, 1996). Consequently, the reaction time is also 
limited to the serving team too, especially if they are not well prepared to play an 
opponents’ overpass as a free ball.   

Team U19 after pass level 4 against jump spin serve is more effective than Men & 
U21 teams. Also, it is noteworthy that there is not increased the probability to win a point 
when passing performance rises above level 4, contrary to Men and U21 teams. 
Performance of U19 team in pass-set-attack after pass pattern confirms the findings of 
Costa G. C., et al. (2011) that subsequent actions do not have high functional dependence 
in relation to the precedent ones in the age category of U19 due to the fact that because 
of lack of players’ maturity the game is not well integrated.  

To sum up, the present study is validating the six-level scale for evaluation of pass, it 
is developing a Bayesian model including prior distribution and is applying this model to 
performance data of world champion teams in three age categories. The conclusion 
reached is that for all ages the quality of pass is important to ensure at least two offensive 
options for the setter. Furthermore, the discrepancy of success probabilities among the 
levels of the scale makes it clear that for this ordinal scale it is unrealistic to use descriptive 
statistics, like a mean and standard deviation. Finally, the target area of the pass must be 
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more conservative, and the evaluation scale must be shrunk, at least for teams under 
observation. 
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Abstract 
In Volleyball a team’s performance in skills is connected to the game result and to the 
team’s success in a championship. In order to identify the determinant parameters for the 
success in male volleyball, performance data for all teams of 12 Greek Volleyball 
championships from 2005-06 until 2016-17 (n=143) was used. The effectiveness of 
fourteen (14) parameters from 5 basic volleyball skills: serve, attack after passing, attack 
after defence, block and reception was examined. The findings lead to the conclusion that 
the best predictors of a team’s success in final ranking are serve aces, passing errors, 
precise pass and attack after passing or after defence. The relevant discriminant function 
has classified correctly 77.6% of the teams in positions 1-4, 5-8 and 9-12. Furthermore, 
among teams in positions 1-2 and 3-4 (n=48) the variables attack win and attack error, 
after reception and defence have significantly higher scores and are able to discriminate 
correctly 83,3% of the original cases. 

Keywords: match analysis; skills; attack; performance indicators; outcome. 

1 Introduction  
Quantitative analysis, performance evaluation and statistical processing are becoming an 
increasingly important process for those involved in several sports and, in particular, in 
team sports (O' Donoghue, 2010). Especially in volleyball, it is important to collect data 
from the observation and evaluation of the sport skills in order to carry out match analysis, 
to make decisions during matches and to analyze home team and opponents in a 
competition (Coleman, 2002). Volleyball is offered for such analyses due to the large 
number of contacts made by players during the match so as to ensure the adequate 
analysis of a team’s technical and tactical performance (Peppler, 2002).  

Volleyball consists of a series of individual skills that are highly relevant to the team's 
performance and success (Patsiaouras, Moustakidis, Charitonidis, & Kokaridas, 2011; 
Patsiaouras, Moustakidis, Charitonidis, & Kokaridas, 2010; Drikos, Kountouris, Laios, & 
Laios, 2009; Palao, Santos, & Urena, 2004). Three of them are scoring skills: serve, attack 
(split in attack 1 after reception & attack 2 after defence), block, and the rest are non-
scoring skills: pass, setting and dig (Nishijima, Ohswava, & Matsuura, 1987). Scoring skills 
have a stronger correlation with the result (Laios & Kountouris, 2005). However, as for the 
serve, in more recent studies, Pena, Rodriguez-Guerra, Busca, and Serra (2012) have 
pinpointed the limited importance of the technical skill of the serve and in extension to this, 
Kountouris, Drikos, Aggelonidis, Laios, and Kyprianou (2015) mentioned that in men's 
high-level volleyball serve is a disadvantage for the team which is to perform it. 

On the other hand, the attack is the main factor to predict whether a team will win or 
lose (Castro, Souza, & Mesquita, 2011; Drikos & Vagenas, 2011; Marcelino, Mesquita, & 

mailto:sdrikos@gmail.com
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Alfonso, 2008) without distinguishing attack after a pass from attack after defence. Zetou, 
Moustakidis, Tsigilis, and Komninakidou (2007) using data from an Olympic tournament 
proved that effectiveness in complex 1 (pass-setting-attack 1) can predict winners in Men’s 
top-level volleyball, and attack after defense is the most important skill for a team’s 
performance during complex 2 (serve-block-setting-attack 2) (Zetou, Tsigilis, Moustakidis, 
& Komninakidou, 2006). In addition, the block is the skill that differentiates teams of level 
1 from the teams of level 2 with data from 2000 Olympic Games (Palao, Santos, & Urena, 
2004), but its recording and evaluation is difficult since only blocks with a touch of the ball 
are recorded. 

Many coaches attribute the main reason for a defeat to a poor efficiency in the 
reception. The importance of reception has been confirmed in many types of studies 
(Barzouka, Nikolaidou, Malousaris, & Bergeles, 2006; Papadimitriou, Pashali, Sermaki, 
Mellas, & Papas, 2004; Eom & Schutz, 1992), while other studies (Drikos, 2018; Florence, 
Fellingham, Vehrs, & Mortensen, 2008; Lobietti, Michele, & Merni, 2006) proposed the 
avoidance of direct errors to be of equal importance with accurate pass. 

Most of the previous studies were carried out using accumulated data of volleyball 
skills from a tournament (Patsiaouras et al., 2011; Palao et al., 2004) or a single 
championship (Stamm, Stamm, Torilo, Thompson, & Jairus, 2016; Drikos et al., 2009) in 
order to determine the most important of them. The primary aim of the present study is to 
identify those parameters that discriminate the teams ranked in positions 1-4 from those 
ranked in positions 5-8 and 9-12, through a longitudinal analysis of 12 championships of 
the Greek Volleyball League. An additional aim is to point out the determinant performance 
indicators that classify the teams of the first 4 positions of a professional championship in 
two groups: those that are placed 1-2 and having an advantage for playoffs comparing to 
those placed in 3rd-4th positions. 

2 Method 
In the Greek men’s league, during the last twelve years, a system to collect, elaborate and 
analyze statistical data has been established. The official system used in men’s Greek 
Volleyball Professional League is Data Volley (Data Project, 2000) with the main purpose 
to record and analyze the performance of teams and players. The skills recorded are 
serve, reception, attack 1 (after the pass), attack 2 (after defense) and block.  

In the Greek Volleyleague, 12 teams compete every year. The sample (n=143) of the 
present study consists of the performance data of each team of the Greek male Volley 
league from 12 seasons (2005-06 until 2016-17). A team which disqualified before the end 
of the regular season from the championship 2011-12 was excluded from the sample. The 
primary recorded and evaluated skills from 1562 matches were: 257.184 serves, 216.140 
passes, 181.811 attacks 1 (after the pass), 103.106 attacks 2 (after the defense) and 
109.022 blocks. For the evaluation scale of each skill, a six-level ordinal scale is employed, 
with the value of “one” indicating a poorly executed skill and the value of “six” an excellent 
executed skill. The entire evaluation scale is presented in table 1. Further definitions for 
the evaluation scale per skill are included in: Drikos and Ntzoufras (2015) about the serve, 
Costa, Alfonso, Barbosa, Coutinho, and Mesquita (2014) about the attack, Palao et al. 
(2004) about the block, and Drikos (2018) about thereception. 

The reliability of the data collection and entry was checked by an independent 
observer as following: all the matches are video recorded and for each championship five 
particular match days were randomly selected (30 matches per season, 23% of the total 
sample) and an independent observer who was a volleyball coach, expert in evaluation 
and recording of volleyball performance data and excellent user of the software, re-
evaluates all the skills. The Adjusted Κ Cohen was Adjusted Κ= .81, very good (Altman, 
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1991). Set statistics included percentages (%) of the following fourteen (14) performance 
indicators: 1) Serve Error %, 2) Serve Ace %, 3) Serve over % (result in overpass) 4) Pass 
Error %, 5) Pass over the net % (Overpass), 6) Pass precise % (Pass perfect %+Pass 
excellent %), 7) Attack 1 Errors %, 8) Attacks 1 stuffed by kill block %, 9) Attack 1 win %, 
10) Attack 2 errors %, 11) Attacks 2 stuffed by kill block %, 12) Attack 2 win %, 13) Block 
points % 14) Block errors%. 

Table 1. Evaluation ordinal scale for scoring skills and reception. 

Skill/ 
Level 

Scoring Skills Non-scoring skills 
Serve Attack 1,2 Block Pass 

6 Ace  
(point) 

Win-kill 
(point) 

Win-kill 
(point) 

Excellent pass. All 
options for attack 

without adjustments 
for the setter 

5 Over  
The ball to the 
serving team 

The ball to the 
attacking team with 
good conditions or 
to the defending 
team with bad 

conditions 

The ball to the 
blocking team with 
good conditions or 

to the attacking 
team with bad 

conditions 

Good Pass. 
All options for 

attack 

4 One option for 
attack for the 

receiving team 

The ball to the 
attacking or 
defending 

team with medium 
conditions 

The ball to the 
blocking or attacking 
team with medium 

conditions 

Two options for 
attack from the 

sidelines 

3 Two options for 
attack for the 

receiving team 

The ball to the 
attacking team with 
bad conditions or to 
the defending team 

with good 
conditions 

The ball to the 
blocking team with 
bad conditions or to 
the attacking team 

with good conditions 

One option for 
attack or attack out 

of the system 

2 All options for the 
attack on the 

receiving team 

Stuffed by a Kill 
block 

 (lost point) 

Error on the net 
(Incorrect touch of 
the net, lost point) 

Overpass 
The ball was 

passed directly to 
the serving team 

court. 
1 Error 

 (lost point) 
Error  

(lost point) 
Error 

(lost point) 
Error 

(lost point) 
 

A three-group MANOVA was conducted comparing all fourteen performance 
indicators (dependent variables) between the 3 groups of teams ranked each year in 
positions 1-4, 5-8, 9-12. A follow-up linear discriminant analysis (stepwise method) was 
conducted to determine which of the selected performance indicators classified correctly 
the teams in the 3 groups. Proper scatter, normality and box plots were used to check the 
assumptions of linearity, normality and outliers. Box’s M test was used to check the 
assumption of homogeneity of covariance matrices. Validation of the discriminant model 
was conducted using “leave one out” classification with each case being classified by 
applying the classification function on all the data except the particular case. A second 
discriminant analysis was used to identify performance indicators that discriminate teams 
ranked in positions 1-2, which have the home advantage in playoffs, against teams ranked 
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in positions 3-4 in order to have a possible more detailed differentiation between top-teams 
of the championship. 

3 Results  
Table 2 summarizes all the variables employed in this study for teams’ performance-
related statistics for all groups. 

Table 2. Performance indicators for the whole group (n=143) as well as group 1-4 (n=48) 
group 5-8 (n= 48) and group 9-12 (n=47). Values are presented as mean ± SD. 

Performance 
Indicator 

All teams 
(n=143) 

Group 1-4 
(n=48) 

Group 5-8 
(n=48) 

Group 9-12 
(n=47) 

Serve Error % .157 (±.022) .157 (±.023) .154 (±.021) .161 (±.021) 
Serve Ace % .060 (±.012) .065 (±.013) .061 (±.011) .054 (±.008) 
Serve Over % .036 (±.014) .038 (±.014) .037 (±.013) .036 (±.013) 
Pass Error % .066 (±.010) .066 (±.010) .069 (±.010) .078 (±.013) 
Overpass % .040 (±.019) .038 (±.017) .039 (±.020) .043(±.020) 
Pass precise % .578 (±.056) .600 (±.056) .580 (±.054) .557 (±.053) 
Attack 1 error % .085 (±.012) .078 (±.010) .086 (±.011) .092 (±.012) 
Attack 1 block % .094 (±.015) .080 (±.011) .097 (±.010) .104 (±.014) 
Attack 1 kill % .517 (±.039) .552 (±.031) .515 (±.022) .484 (±.028) 
Attack 2 error % .098 (±.016) .090 (±.016) .099 (±.014) .101 (±.016) 
Attack 2 block % .103 (±.016) .091 (±.034) .108 (±.014) .111 (±.014) 
Attack 2 kill % .457 (±.038) .486 (±.034) .455 (±.026) .429 (±.031) 
Block kill % .264 (±.058) .263 (±.053) .263 (±.056) .264 (±.066) 
Block error % .339 (±.084) .338 (±.081) .329 (±.010) .347 (±.067) 

 
There were no missing values, extreme scores, or outliers in the data set, and the 

basic statistical assumptions were tested and met. In particular, there was no 
multicollinearity between the dependent variables as the simple correlations, presented in 
table 3 were all <|.65|). A statistically non-significant Box’s M test (p=.066) indicated equal 
variance-covariance matrices of the dependent variables (performance indicators) across 
the ranking group, while the Bartlett Test of Sphericity verified the presence of significant 
correlations among the fourteen dependent variables (approx. x2=2437.76, p=.000) and 
thus, the use of Wilk’s Lambda in assessing the multivariate effect is feasible. The main 
results of MANOVA showed that the linear combination of the fourteen performance 
indicators differentiated significantly across the team groups: (Wilk’s Lambda=.248, F (28, 
254) =9.15, p=.000, partial η2 =.502). A series of F tests were carried out on the significant 
main effect of MANOVA and the results (presented in table 4 in italics) with respect to the 
factor team group were highly significant (p<.001) for the following performance indicators: 
Serve aces, Pass errors, Pass precise, Attack 1 errors, Attacks 1 stuffed by kill block, 
Attack 1 win, Attack 2 errors, Attacks 2 stuffed by kill block and Attack 2 win. This finding 
was further examined by Scheffe post hoc comparisons tests because the homogeneity 
of variance was present. All the results are shown in table 4. 
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Table 3. Correlation matrix of selected performance indicators. 

 
Serve 
Error 
 % 

Serve 
Ace 
% 

Serve 
over  
% 

Pass 
Error  

% 

Over 
pass 

% 

Pass 
precise 

% 

Attack 
1 error 

% 

Attack 
1 block 

% 

Attack 
1 kill 

% 

Attack 
2 error 

% 

Attack 
2 block 

% 

Attack 
2 kill  

% 

Block 
kill 
% 

Block 
error  

% 
Serve Error % 1              

Serve Ace % .472 
 

1             

Serve Over % -.122 .030 1            

Pass Error % .291 .091 -.198 1           

Overpass% -.259 -.184 .580 -.139 1          

Pass precise % .223 .214 -.491 -.088 -.632 1         

Attack 1 error % .224 -.151 -.198 .340 .009 -.093 1        

Attack 1 block % .080 -.275 .007 .409 .027 -.301 .371 1       

Attack 1 win % .111 .446 -.186 -.174 -.342 .548 -.453 -.645 1      

Attack 2 error % .185 -.126 -.214 .158 -.145 .151 .508 .284 -.203 1     

Attack 2 block % .039 -.248 -.013 .170 -.067 -.084 .265 .532 -.333 .238 1    

Attack 2 win % .173 .460 -.210 -.028 -.301 .393 -.271 -.490 .644 -.318 -.391 1   

Block kill % -.188 -.042 -.084 -.014 .038 -.059 .027 .017 -.024 .017 -.059 .144 1  

Block error % .145 .161 -.180 .131 -.288 .290 .028 -.107 .085 .009 -.008 .041 -.323 1 
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Table 4. Test of between subjects’ effect (in italics) and multiple comparisons with a mean 
difference (significance in brackets) and 95% Confidence Intervals. 

Performance Indicator G 1-4 vs G 5-8 G 1-4 vs G 9-12 G 5-8 vs G 9-12 CI 95% 

Serve Error % 
F(2,140)=1.52 
 p=.223 
 n2= .021 

.003 (.753)   -.007 to .014 
 -.004 (.615)  -.015 to .007 

  -.008 (.224) -.019 to .003 

Serve Ace % 
F(2,140)=11.47 
 p=.000 
 n2= .141 

.005 (.127)   -.001 to .010 

 .011 (.000)  .005 to .017 

  .006 (.026) .001 to .012 

Serve Over% 
F(2,140)=.64 
 p=.530 
 n2= .009 

.000 (.987)   -.006 to .007 

 .003 (.577)  -.004 to .010 

   .002 (.674) -.004 to .009 

Pass Error % 
F(2,140)=14.98 
 p=.000 
 n2= .176 

-.003 (.377)   -.009 to .002 

 -.012 (.000)  -.018 to -.006 

  -.009 (.001) -.015 to .-003 

Overpass % 
F(2,140)=.92 
 p=.399 
 n2= .013 

-.001 (.938)   -.011 to .008 

 -.005 (.423)  -.015 to .004 

  -.004 (.632) -.014 to .006 

Pass precise % 
F(2,140)=6.25 
 p=.003 
 n2= .082 

.017 (.295)   -.010 to .045 

 .039 (.003)  .012 to .067 

  .022 (.148) -.006 to .049 

Attack 1 error % 
F(2,140)=20.31 
 p=.000 
 n2= .225 

-.009 (.001)   -.014 to -.003 

 -.014 (.000)  -.020 to -.009 

  -.055 (.052) -.011 to .000 

Attack 1 block % 
F(2,140)=55.00 
 p=.000 
 n2= .440 

-.017 (.000)   -.023 to -.012  

 -.024 (.000)  -.030 to -.018 

  -.007 (.018) -.013 to -.001 

Attack 1 win % 
F(2,140)=71.29 
 p=.000 
 n2= .505 

.037 (.000)   .023 to .051 

 .067 (.000)  .053 to .081 

  .030 (.000) .016 to .044 

Attack 2 error % 
F(2,140)=7.33 
 p=.001 
 n2= .095 

-.009 (.020)   -.016 to -.001 

 -.011 (.002)  -.019 to .004 

  -.002 (.795) -.010 to .005 

Attack 2 block % 
F(2,140)=27.55 
 p=.000 
 n2= .282 

-.016 (.000)   -.023 to -.010 

 -.019 (.000)  -.026 to -.013 

  -.002 (.718) -.010 to .004 

Attack 2 win % 
F(2,140)=42.36 
 p=.000 
 n2= .377 

.031 (.000)   .016 to .046 

 .057 (.000)  .041 to .073 

  .026 (.000) .011 to .041 

Block kill % 
F(2,140)=.003 
 p=.997 
 n2= .000 

-.0001 (1.0)   -.030 to .029 

 -.0008 (.998)  -.031 to .029 

  -.0007 (.999) -.030 to .029 

Block error % 
F(2,140)=.563 
 p=.571 
 n2= .251 

.009 (.874)   -.033 to .051 

 -009 (.862)  -.052 to .033 

  -.018 (.571) -.061 to .-024  
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The follow-up discriminant analysis yielded a discriminant function (Wilk’s Lambda= 
.290, x2= 168.22, p=.000, η2=.82) which indicated that the model including the nine 
variables was able to discriminate the three-team groups (1-4, 5-8 and 9-12). To assess 
the relative contribution of each performance indicator in maximizing the multivariate 
difference between the three groups, the (discriminant) structure coefficients were 
examined. Structure coefficients >|.30| are meaningful and indicate the substantial 
contribution of the respective independent variables in the separation between the levels 
of the dependent variable (Pedhazur, 1997). Five performance indicators possessed a 
meaningful structure coefficient (SC) with regards to the multivariate separation between 
the three groups of teams ranking (SC values in order of size in parenthesis): 1) Attack 1 
win (-.70), 2) Attack 1 stuffed by kill block (.61), 3) Attack 2 win (-.54), 4) Attack 2 stuffed 
by kill block (.41) and 5) Attack 1 errors (.37). Their combination leads to the substantive 
interpretation that the main difference between the three groups of teams reflects mainly 
the status of attack 1 and 2. Based on the discriminant function cross-validation results 
showed that 77.6% of the original cases are classified correctly (87.5%, 68.8 % and 76.6% 
for teams 1-4, 5-8 and 9-12, respectively).  

In order to distinguish performance indicators that discriminate top level teams (n=48) 
ranked in positions 1-2 from them ranked in positions 3-4, a second follow–up discriminant 
analysis was used to examine the contribution of performance indicators, and the results 
showed that, initially, a significant function is revealed (Wilk’s Lambda=.626, x2= 20.59, 
p=.000, η2=.61) and, secondary, four variables were selected to enter in the final model 
yielding meaningful structure coefficients (SC values in parenthesis): 1) Attack 1 win (-
.72), 2) Attack 1 error (.58), 3) Attack 2 error (-.48), and 4) Attack 2 kill (.45). These 
variables were able to classify correctly the 83.3% of the original cases (79.2% and 87.5% 
for teams 1-2 and 3-4, respectively). 

Table 5. Performance indicators for teams ranked in positions 1-2 (n=24) and 3-4 (n=24), 
p values of equality of means and correlation coefficients between performance 
indicators and the discriminant function Values are presented as mean ± SD. 

Performance 
Indicator 
 

Group 
1-2 
(n=24) 

Group 
3-4 
(n=24) 

p-value Correlations 
between variables 
and discriminant 
function 

Attack 1 error % .074 (±.011) .081 (±.009) .016 .576 
Attack 1 kill % .567 (±.029) .536 (±.026) .000 -.727 
Attack 2 error % .084 (±.015) .097 (±.014) .004 .476 
Attack 2 kill % .497 (±.037) .475 (±.028) .021 -.455 

4 Discussion 
The present study aimed to analyze performance indicators in the context of Greek 
Volleyball male League in a period of twelve years. More specifically, it attempted to 
highlight those variables that distinguished the final ranking of the teams. Teams ranked 
in the positions 1-4 differ from teams ranked 9-12 in serve aces, passing errors, precise 
pass, and in attack 1 and 2, win, error or blocked. There is not a differentiation in serve 
errors, serve caused overpass and block. The comparison between teams of positions 1-
4 with those of positions 5-8 highlights as important factors all the variables connected 
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with attack either after reception or defense expressed as percentages of win, error and 
blocked attacks. Especially in win attacks, teams of the superior group are 4% better at 
the attack of complex 1 and 3% better at the attack of complex 2 than the inferior group. 
Also, there is a difference of 1% in attack errors and 2% in attacks stuffed by opponent’s 
block. The importance of block avoidance in attack is related to an uncared part of the 
game: the attack coverage (Laporta, Nikolaidis, Thomas, & Alfonso, 2015) which is more 
effective in counterattack phase (Hilenio, Garcia de Alcaraz, Busca, Salas, & Camerino, 
2017). Attack coverage is a pre-contact defensive action that coincides with the team’s 
own attack hit during which players of the attacking team manage to volley the blocked 
ball before it lands in their own court (Hileno & Busca, 2012). Thus, coaches have to work 
more on attack coverage systems aiming to reduce the numbers of blocked attacks landed 
in their team’s court.  

There are slight but significant variations of attack for men’s volleyball in both 
complexes of the game. The teams of the first group present 55.2% in win attack after 
reception against 51.5% of the second group and 48.4% of the lowest group, while in 
attack after defense the respective values are: 48.6%, 45.5% and 42.9%. The importance 
of attack as a whole skill independent of the previous action of the game is confirmed by 
many studies (Rodriguez-Ruiz et al., 2011; Patsiaouras et al., 2010 Marcelino et al., 2008). 
This study reconfirms the importance of both attack types as separate skills with different 
reference values. 

The lowest group teams which try to avoid relegation are worse comparing to the 
teams 5-8 in serve aces, reception errors and win attack 1 and 2. It seems that lower group 
teams differ from the higher ones, not only in attack skills but also in the ability to win a 
direct point with their serve and to avoid a passing error. This is a finding in agreement 
with Pena, Rodriguez-Guerra, Busca, and Serra (2013) who found a similar result for team 
categories in Spanish men’s league.  

On the second level of our analysis, a more detailed approach to the teams of the 
superior group (1-4) is used. The teams ranked 1-2 differ from those ranked 3-4 only in 
attack variables connected to win and error attack 1 or 2. The discrimination of the superior 
group teams, in those placed in the first 2 positions of the ranking and keeping a home 
advantage against those placed in positions 3 and 4 is possible with fewer variables. Thus, 
in order to rank in the preferred pole positions, there is an urgent need for top-level teams 
to increase win attacks and to reduce errors in attack during both complexes of the game. 

Teams independently from group category manage the serve errors in order to reduce 
direct lost points, thus serve errors do not differ among groups. Block does not seem to 
be an important factor for teams’ discrimination. Recording and evaluation of block is a 
trivial and difficult procedure. Blocking is a scoring skill but it is a part of the defence tactic. 
So, its evaluation has as a premium criterion the touch of the ball. Attempts for a block 
without a touch of the ball are not recorded. With the use of another variable for the block 
(numbers of win block per set) Pena and Casals (2016) showed that the ability to block 
comes to be decisive when matches become tied. In our analysis, values of the variable, 
win and error blocks do not differ among groups significantly.  

Regarding the accuracy of the discriminant functions, a tendency is revealed for the 
percentage of correct classification of cases which is higher for the teams 1-4 (87.5%) and 
teams 9-12 (76.6%) than for teams 5-8 (68.8%). Also, the ability of the discriminant 
function to classify with success top teams in groups 1-2 and 3-4 (totally 83.3%, 40 out of 
48 teams) highlights the direct connection of skills’ performance with the game outcome 
and consequently with the teams’ ranking.  

Overall, using fourteen primary variables from all the teams of 12 championships in a 
row from the Greek men’s Volley league the important performance indicators for 
classification in the first 2 privileged positions of the league, in the superior group of teams 
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1-4, in the medium group 5-8, and, finally, for the relegation group (9-12) was specified 
and quantified. The model can correctly classify 77.6% of the original cases of the 3 
groups. Also, a correct classification of 83.3% is achievable for the superior group to 
discriminate teams of the positions 1-2 from those of positions 3-4. 

From an applied point of view, the results can utilize as references for the process of 
selecting and developing players or system to play and for the establishment of goals for 
practice and competition. 
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Data benchmarking through a longitudinal study in
high-level men’s volleyball
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ABSTRACT
A benchmark is a reference point for comparisons established
from the value of a performance indicator. In order to create
benchmarks for volleyball, we used performance data from each
team of the Greek Volley League from the season 2005–2006 until
the season 2016–2017 (N = 143). We considered the effectiveness
of 14 parameters from five skills: serve, attack after passing, attack
after defence, block and pass. The results showed that high-level
teams of the Greek championship, which finished in positions 1–4,
had as benchmarks: (a) in serve, two aces every five serve errors,
while teams 9–12 had two aces every six errors, (b) in attack after
passing one error or one passive block every four kills, while teams
9–12 had one every five kills, (c) in attack after defence one error
or one passive block every three kills versus every two kills for
9–12 and (d) one error every nine passes on the target against
every seven passes for 9–12. Overall, the results of this study
indicate that success in volleyball can be explained with skill
performance indicators, expressed as the ratio of successful to
unsuccessful attempts, or with a ratio of successful attempts per
set, in case of block skill.
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1. Introduction

Nowadays, advanced statistics, data management, predictive models are used to gain a
competitive advantage in professional sport competition (Alamar, 2013). So, a lot of
variables about athletes or teams’ performance are recorded during a competition
(Hughes & Bartlett, 2008). From selection or combination of these variables perfor-
mance indicators are set up with the aim to define the aspects of sport performance
(Hughes & Bartlett, 2002). Furthermore, a benchmark is a reference point for compar-
isons established from the value of a performance indicator. Data benchmarking
concerns quantitative comparisons of performance outcomes across different sections
and/or different time periods (Bartlett, Gratton, & Rolf, 2006). Benchmarking requires
an understanding of what is important for the organisation of a team. In coaching, the
use of data benchmarking can (a) identify top performers and what makes them
succeed and (b) set the right performance standards, select proper players and manage
athletes and teams more effectively.
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Volleyball consists of six main skills: serve, attack (split in attack 1 after pass and
attack 2 after defence) and block are considered scoring skills due to the possibility of
scoring a direct point, whereas pass, setting and dig are considered non-scoring skills
(Marcelino, Mesquita, Sampaio, & Moraes, 2010). More specifically, in a volleyball
team’s performance, skills are directly connected with the game result (Marcelino,
Mesquita, & Sampaio, 2009) as well as with sports success in a championship
(Drikos, Kountouris, Laios, & Laios, 2009). The quantification of important perfor-
mance indicators in a tournament was done initially by Eom & Schutz (1992a), while
Lobietti, Michele, and Merni (2006) correlated performance parameters with final
ranking of a championship.

Many studies reported in the literature have been analysed the relation between skills
and success. Drikos et al. (2009) showed that the efficiency ratios of serve (SER) and
attack (AER) were better predictors of the teams’ overall performance than the original
variables, but in case of AER, without differentiating attack after pass from attack after
defence. In the rally point system, the pattern pass–setting–attack after the pass is the
necessary condition to claim the victory because in terms of probability winning a point
when receiving is easier than winning a point when serving for male volleyball
(Calhoun, Dargahi-Noubary, & Shi, 2002; Ferrante & Fonseca, 2014), thus the impor-
tance of both attack types must be examined separately.

Regarding the pass, the connection between quality of pass and achievement in
attack is undoubted in many types of research especially in the men age category
(Barzouka, Nikolaidou, Malousaris, & Bergeles, 2006; Papadimitriou, Pashali, Sermaki,
Mellas, & Papas, 2004; Eom & Schutz, 1992b). Nevertheless, in more recent studies
(Drikos, 2018; Florence, Fellingham, Vehrs, & Mortensen, 2008; Silva, Lacerda, & Joao,
2014), a partial differentiation is expressed with the confirmation of the importance to
avoid direct errors in pass as a discrimination factor in favour of victory.

Apart from analysing the importance of each skill separately, assessing performance
after classifying teams based on their ranking can be an effective procedure to better
understand the performance determinants (Stutzig, Zimmermann, Busch, & Siebert,
2015). The final standings of a championship was used as a discriminator of successful
versus nonsuccessful (Patsiaouras, Moustakidis, Charitonidis, & Kokaridas, 2010) and
high-, medium- and low-level volleyball teams (Palao, Santos, & Urena, 2004; Eom &
Schutz, 1992b) for a single tournament or league.

Taking into consideration the above, the aim of the present study through a long-
itudinal analysis of 12 championships of the Greek Volleyball League was initially to
find those performance indicators that discriminate the teams ranked in positions 1–4,
5–8 and 9–12 and successfully classify those data. Second, the aim was to define values
per skill per group of teams as benchmarks.

2. Methods

The primary data were collected from the performance of each team of Greek Volley
League from the season 2005–2006 until the season 2016–2017 (N = 143). In the A1
division of the Greek Volley League, 12 teams compete every year. A team which
disqualified before the end of the regular season from the championship 2011–2012 was
excluded from the data. By convention in the Greek Men’s Volleyball Championship
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every home team has a specialised person responsible for the data entry of all the
competition events during a match and for the uploading of the video with the
performance data to the official league’s server. All teams use the same computer
software, a coding programme, which has been specifically designed for volleyball:
Data Volley (Data Project, 2000). The following skills are recorded: serves, passes,
attacks 1 (after the pass), attacks 2 (after defence) and blocks.

The initial sample consisted of 1562 matches from 12 seasons and the recorded and
evaluated skills were: 257,184 serves, 216,140 passes, 181,811 attacks 1 (after the pass),
103,106 attacks 2 (after defence) and 109,022 blocks. For the evaluation scale of each
skill, a six-level ordinal tactical scale was employed with the value of “one” indicating a
poorly performed skill and the maximum value of “six” corresponding to the optimally
performed skill. Details for the levels of the entire scale can be found as following: for
the serve (Drikos & Ntzoufras, 2015), for the attack (Costa, Alfonso, Barbosa, Coutinho,
& Mesquita, 2014), for the block (Araujo, Mesquita, & Marcelino, 2009) and for the
pass (Drikos, 2018).

For the examination of scoring skills (serve, attack 1&2 and block), 11 primary
variables were used in the analysis which come from actions that directly win or lose a
point. Thus, for each team, there was the proportion of serve aces and serve lost to the
total number of serves. From these two variables, a new variable (SER) was formed,
which was the ratio of serve aces to serves lost (Drikos et al., 2009). From the total
number of attacks 1 and attacks 2 separately, three proportions are taken into con-
sideration: attack won, attack lost and the attack stopped by a kill block. Also, for the
attack, two new variables (A1ER & A2ER) were formed with the attacks 1 or 2 of
winning divided by the lost attacks 1 or 2 (sum of errors and kill-blocked attacks 1 or 2)
(Drikos et al., 2009). From the total number of blocks and number of played sets per
team, a new variable was calculated: kill blocks that immediately give a point to the
blocking team per set (Drikos & Vagenas, 2011).

In order to describe the performance of pass, three primary variables were recorded:
pass errors (the team loses a point), good and excellent passes. An excellent pass is
when the receiving team has all options for attack without adjustments by the setter,
whereas a good pass needs adjustments by the setter. A new variable pass efficiency
ratio (PER) was calculated as the ratio of precise passes (expressed as the sum of
excellent and good passes) to the errors in the pass.

The reliability of the data collection and entry was checked by an independent
observer as follows: all the matches were video recorded and from each championship
five particular match days were randomly selected (23% of the total sample). The
independent observer who was a volleyball coach, participating in the league either as
a club’s or national team’s coach, expert in evaluation and recording of volleyball
performance data and excellent user of the software, re-evaluated all the skills. The
Adjusted Κ Cohen was Adjusted Κ = .81, very good (Altman, 1991). The intra-observer
reliability was tested in previous studies (Drikos & Vagenas, 2011) using intraclass
correlation coefficient and finding it to be in highly acceptable levels (>0.90).

Statistical analysis included Pearson’s and Spearman’s’ correlation among the pri-
mary variables, the new variables and the depended variable (points in ranking) in
order to check the appropriateness of new variables to the primary ones. As a first step
of detecting the relationships among the parameters and their decisive role in the
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success of a volleyball team a linear regression has been carried out. As a second step, a
three-group multivariate analysis of variance (MANOVA) was conducted in five inde-
pendent variables: SER, A1ER, A2ER, PER and BER. As a follow-up to MANOVA, a
stepwise discriminant analysis (DA) was performed in order to identify the contribu-
tion of each skill index to the classification of the teams into three different levels. The
DA was planned to determine three items: which indices were best predictors for the
final team’s ranking, the discriminate function that best separates the three group
means and the accuracy of the equation that best discriminates teams’ level.
Concerning the restrictions of the analysis, it must be stated that the conclusions
have a practical application on the Greek Volley League or leagues with almost similar
level. Moreover, although the simultaneous analysis of 12 years in a row for a cham-
pionship enforces the robustness of the data with more accurate benchmarks (Potter &
Hughes, 2001) the database becomes less sensitive to changes of the magnitude of
performance indicators (Mosteler, 1979).

3. Results

Table 1 shows the Pearson and Spearman correlations between the independent and
dependent variables. The five new variables expressed as ratios of the primary recorded
variables had a stronger correlation than the primary ones, with the dependent variable
expressed as points in ranking. Descriptive statistics of variables per group of ranking
were presented in Table 2 and Figure 1.

Table 1. Pearson’s and Spearman’s correlations between the independent and dependent variables
(** p < .01).
Skill Outcome Points in ranking (Pearson’s) Points in ranking (Spearman’s)

Serve Aces (win) .428 −.418**
Errors (lost) −.085 −.085
SER (win/lost) .515** .536**

Attack 1 Kill (win) .788** −.766**
Lost (errors + blocked) −.775** .740**
A1ER(win/lost) .846** −.813**

Attack 2 Kill (win) .699** −.661**
Lost (errors + blocked) −.574** .533
A2ER (win/lost) .722** −.678**

Pass Error (lost) −.386** .371**
Precise (good + excellent) .308** −.290**
PER (presize/lost) .438** −.467**

Block Win .012 .042
Lost .002 .017
Win/lost −.014 .040
BER (win/set) .575** −.578**

Table 2. Descriptive statistics mean (±sd) for the performance indicators (N = 143).
Skill Teams 1–4 Teams 5–8 Teams 9–12

SER 2.45 ± .35 2.59 ± .41 3.02 ± .50
PER 9.19 ± 1.47 8.56 ± 1.61 7.33 ± 1.55
A1ER 3.54 ± .48 2.82 ± .26 2.50 ± .34
A2ER 2.73 ± .45 2.22 ± .28 2.04 ± .25
BER 2.61 ± .25 2.35 ± .26 2.15 ± .36
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In addition, based on the statistics presented in Table 3, the five independent
variables were not affected by moderate collinearity, as tolerances were high and
variance inflation factor values were low. Therefore, all independent variables were
appropriate for regression and multivariate analysis, as they possessed (a) moderate to
low variability, which is partially indicative of low measurement error, and (b) low
collinearity, which leads to unstable parameter estimates and inflated standard errors
(Pedhazur, 1997, p. 297).

The linear regression model of points in ranking as the dependent variable and SER,
PER, A1ER, A2ER, BER as independent variables produced the following equation:

Points ¼ �55:9þ 34:5 SERþ 0:9 PERþ 13:1 A1ERþ 7:6 A2ERþ 4:8 BER

The multiple R of the regression no intercept model was R = .896 (p = .000), giving an
R2 = .803, which means that 80.3% of the variance of the dependent variable is
explained by the variability of the five independent variables.

Figure 1. Radar chart for the performance indicators per team group.

Table 3. Correlation indices, collinearity diagnostics and significance of coefficients among perfor-
mance indicators (N = 143).
Skill SER PER A1ER A2ER BER sig Tolerance VIF

SER 1 .000 .787 1.270
PER .107 1 .018 .713 1.402
A1ER .403 .459 1 .000 .387 2.587
A2ER .392 .156 .681 1 .000 .465 2.149
BER .345 .320 .496 .478 1 .015 .675 1.482

Two tailed critical r value for df = 141 and α = 0.05 is 0.1055.
Tol.: tolerance = 1� R2i , with R2i = % variance in common with the other variables.
VIF = 1=ð1� R2i Þ = variance inflation factor.
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A statistically significant Box’sM test (p = .000) indicated unequal variance–covariance
matrices of the dependent variables (skills’ efficiency ratios) across the ranking group and
thus necessitated the use of Pillai’s trace in assessing the multivariate effect. The main
results of MANOVA having the five performance indicators as dependent variables, and
the factor “team group” as independent variable showed that the linear combination of the
five performance indicators differentiated significantly: (Pillai’s trace = .766, F (10,
274) = 17.33, p = .000, partial η2 = .383). A series of F tests were carried out on each
significant main effect of MANOVA and the results with respect to the factor team group
for all the variables were highly significant (p = .000). This finding was further examined by
Tamhane post hoc comparisons tests because the heterogeneity of variance appeared. All
the results are shown in Table 4.

Post hoc comparisons suggested that Groups 1–4 and 5–8 had significantly higher scores
in all skills compared to Group 9–12. Also, Group 1–4 had significantly higher scores in
attack 1&2 and block than Group 5–8.

In the follow-up discriminant analysis five variables were chosen as the most represen-
tative factors from the five following different Volleyball skills: serve, pass, attack after pass,
attack, after defence and block. The discriminant analysis yielded a discriminant function
(Wilk’s lambda = .307, χ2 = 163.11, p = .000, n2 = .81) which indicated that the model
including the five variables was able to discriminate the three groups (teams ranked 1–4,
5–8, 9–12). The within-group correlations between the predictors and the discriminant
function, as well as the standardised weights, are presented in Table 5. Structure coefficients
>.|30| (in bold) are meaningful and indicate the substantial contribution of the respective
independent variables in the separation between the levels of the dependent variable. The
classification function coefficients displayed the three sets of unstandardised discriminant
coefficients (one for each group of teams) and produced three equations in order to predict
the group’s discriminant score for each case:

Group 1–4: −102.76 + 80.59 SER + 3.61 PER + 12.31 A1ER + 14.82 A2ER + 20.17BER
Group 5–8: −79.64 + 83.19 SER + 3.56 PER + 8.12 A1ER + 12.35 A2ER + 18.43 BER
Group 9–12: −63.06 + 68.85 SER + 3.02 PER + 7.19 A1ER + 11.46 A2ER + 17.24 BER

Table 4. Test of between subjects’ effect (in italics) and multiple comparisons with a mean difference
(significance in brackets) and 90% confidence intervals.
Skill G 1–4 vs G 5–8 G 1–4 vs G 9–12 G 5–8 vs G 9–12 CI 90%

SER
F(2, 140) = 19.87,
p = .000 n2 = .221

.019 (.133) From −.01 to .04
.077 (.000) From .05 to .10

.058 (.000) From .03 to .08
PER
F(2,140) = 17.71,
p = .000 n2 = .202

.629 (.049) From .00 to 1.25
1.863 (.000) From 1.23 to 2.49

1.233 (.000) From .60 to 1.86
A1ER
F(2,140) = 97.91,
p = .000 n2 = .583

.721 (.000) From .57 to .87
1.040 (.000) From .89 to 1.19

.319 (.000) From .17 to .47
A2ER
F(2,140) = 52.11,
p = .000 n2 = .427

.504 (.000) From .37 to .64
.688 (.000) From .55 to .83

.183 (.010) From .04 to .32
BER
F(2,140) = 28.85,
p = .000 n2 = .299

.263 (.000) From .14 to .38
.461 (.000) From .34 to .58

.198 (.001) From .08 to .32
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Cross-validation results showed that selection was correctly predicted in 41 out of the 48
teams of Group 1–4 (predictive accuracy: 85.4%), in 34 out of 48 teams of group 5–8
(predictive accuracy: 68.8%) and in 35 out of 47 teams of Group 9–12 (predictive accuracy:
74.5%). In the whole group of teams, the discriminant analysis correctly classified 112 out of
143 teams (predictive accuracy: 76.2%). Figure 2 presents the well-defined groups, and
hence the importance of the skills efficiency ratios is obvious for the identification of teams’
performance and the prediction of the classification in a ranked group.

4. Discussion

All in all, the results of this study indicate that success in volleyball can be explained
with skill performance indicators, expressed as the ratio of win to lost attempts, or with

Table 5. Standardised function coefficients, correlation coefficients between performance indicators
and the discriminant function and Fisher’s linear discriminant functions.

Skill
Standardised

function coefficients

Correlations
between

variables and dis-
criminant
function

Classifications function coefficients

Group

1–4 5–8 9–12

SER .187 .352 80.59 83.19 68.85
PER .250 .345 3.61 3.56 3.02
A1ER .593 .855 12.31 8.12 7.19
A2ER .352 .621 14.82 12.35 11.46
BER .258 .473 20.17 18.43 17.24
Constant −102.76 −79.64 −63.06

Figure 2. The graph represents the discriminant function analysis for each group. It shows the
results correctly classified in the different group’s types.
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a ratio of successful attempts per set, in case of block skill. Success in a professional
Volleyball championship can be explained with skill indices because of the large
proportion of variance’s explanation. Latent derivative parameters can be better pre-
dictors than the original proportions of overall team’s performance.

Even though the criteria of SER and AER were known from previous studies (Drikos
et al., 2009), the new imported criteria of attack after pass (A1ER) and attack after
defence (A2ER) set different performance standard of attack in the two complexes of
the game in a more practical way, and this constitutes the novelty of the present study.
Zetou, Moustakidis, Tsigilis, and Komninakidou (2007) showed that effectiveness in
complex 1 (pass–setting–attack 1) can predict winners in Men’s volleyball, and attack
after defence is the most important skill for a team’s performance during complex 2
(serve–block–setting–attack 2) (Zetou, Tsigilis, Moustakidis, & Komninakidou, 2006).
Additionally, in a more recent study, for elite national teams, Stutzig et al. (2015)
characterised as best predictors of result and team’s categorisation the attack after
defence, while the impact of attack after pass was marginal. Thus, the reference values
for AER as an index of the overall skill are not appropriate to describe the effectiveness
of the skill in both complexes and its usefulness is limited in terms of goal setting
during training or matches.

Moreover, a new index is introduced: the PER which describes a non-scoring skill.
The special trait of non-scoring skills in volleyball is that in their poor execution a point
is lost whereas no point is gained with their excellent execution. So, the ability of a team
not to lose points during passing is better to be evaluated with PER. This ability
according to Lobietti et al. (2006) confirms the importance of avoiding direct points
in reception and being satisfied with the ball control so as to allow the planning of an
attack action even if it is predictable. Several studies (Drikos S., 2018; Miskin,
Fellingham, & Florence, 2010) indicated that using the average passing score to rate
the skill of pass is not appropriate because there is no fixed interval between the levels
of the evaluation scale. Thus, the PER is a more suitable index because it has a better
correlation index with the team’s success than precise or faulty pass, separately.

As for the index values, results showed that the teams ranked in position 1–4
performed better in all skills than the teams in positions 9–12. Also, the teams ranked
in position 1–4 performed better than teams in positions 5–8 only in the skills on the
net (attack and block). These findings are consistent with those of Pena, Rodriguez-
Guerra, Busca, and Serra (2013) who found a similar effect for team categories and with
those of Pena & Casals (2016) who highlighted that team level is a significant factor in
increasing the probability of winning.

Findings from the current study lead to clear-cut definitions of norms for all skills.
The SER for leading teams is around 2.5 whereas in lower ranked teams is around 3. In
terms of benchmarks, leading teams have two direct points for every five lost serves,
even teams 9–12 have two aces for every six errors in the serve. In passing, teams 1–4
for every nine precise passes have one error. Conversely, teams 9–12 have one error
every seven precise passes.

The most highly correlated skill with team success is attack after pass. Attack after
pass emerged as a decisive factor for team’s success and winning teams were signifi-
cantly better in attack 1 than losing teams (Hayrinen, Hoivala, & Blomqvist, 2004;
Patsiaouras, Charitonidis, Moustakidis, & Kokaridas, 2009). So, the present study
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reconfirms these findings and specifies the cut-off values as one error or kill blocked per
3.5 kill attacks for group 1–4, one error or kill blocked per 2.8 kills for group 5–8, and
one error per 2.5 kills for group 9–12. Attack 2 (after defence) for all groups have lower
ratios kill/lost attacks comparing to attack 1. This finding highlights the difficulty of
attack 2 comparing to attack 1 and certifies that the generalisation of the type of attack
during performance analysis and training is not appropriate. Data benchmarks for
attack 2 are: one error or kill blocked attack per 2.7 kill attacks, one error per 2.2 and
one error per 2, for teams in groups 1–4, 5–8, 9–12, respectively.

The skill of block is a scoring skill but tactically is a part of the defending game of a
team. In this way, its evaluation is not easy. Only the blocks with a touch of the ball are
recorded and evaluated. With data from World League 2005, Marcelino, Mesquita, and
Alfonso (2008) showed that the number of block points per game is a good indicator of
success in volleyball. In the same direction, the only correlated index with team success
of the skill is the number of blocks per set. The block is the skill that differentiates teams
of level 1 with the teams of level 2 with data of 2000 Olympic Games (Palao et al., 2004).
In the data of Greek Championship, block per set is also a good predictor of a team’s
level. Lower ranking teams have two blocks per set while top teams have almost three
blocks per set.

Furthermore, benchmarks do not only identify top teams against the others but
also point out differences of the lower ranked teams which try to avoid relegation
with the medium level teams in the ranking. Thus, teams 5–8 compared to teams
9–12 performed better in all skills. The bigger differences between ranking teams can
be found in the pass and attack 1. The importance of skills of complex 1 is
significant not only to indicate leading teams but to distinguish teams in the
relegation line more safely.

In conclusion, this type of accumulated data of performance indicators is not only
proper to identify and quantify the performance of teams in all skills but also the
efficiency ratios for each skill can be easily applied to individual players. Benchmarks
are tools for effective coaching. In order to form a team and to select players or to
put training goals specific for each skill or complex of the game, the use of indices
can quantify the target of each drill and measure the progress in individual or team
manner.

Finally, coaches and managers can quantify the target of drills using the indices of
the top performers in five serving errors for two aces, nine passes on the target for one
error, four kills in attack after pass for one lost attack and three kills for the attack after
defence for one lost attack.
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ABSTRACT
The aim of this study is to identify volleyball performance indi-
cators that best discriminate between winning and losing teams
in a set according to the level of competitiveness. The data have
been collected from teams’ performances (N = 438) in all sets
played between top four teams in the final ranking of women’s
Greek volleyball league for five periods. Clusters analysis estab-
lished three different groups of sets according to set final score
difference: two to three points (balanced), four to seven points
(semi-balanced) and more than seven points (unbalanced). A
3 × 2 MANOVA was then performed on twelve performance
indicators reflecting expressions of five basic skills of the game
(serve, pass, attack 1 and 2, block). The analysis revealed signifi-
cant multivariate differences in the type of result and in its
interaction with the type of set. A follow-up discriminant analysis
showed that the effectiveness of attacks 1 and 2 are the most
important performance indicators for all the set types. The
discriminant function classified correctly more cases as the
score difference got higher. Especially for balanced sets, 62%
were correctly classified, allowing space for further improving
the critical performance indicators. These results suggest that
training of a women’s volleyball team should emphasise more
on improving offensive abilities.
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1. Introduction

Volleyball is a non-invasive sport played by all genders in separate tournaments. The
main reason for not competing men against women or in mixed teams is that they
differ in their physical body composition, muscles mass, hormonal secretions and
oxygen consumption (Korhonen, Mero, & Suominen, 2003; Rickenlund et al., 2003).
This is how the only gender-based rule of volleyball which is the height of the net has
occurred (F.I.V.B, 2012).

In certain sports such as volleyball, observation and match analysis allow researchers
to characterise a great range of technical procedures in diversified situational contexts
(Silva, Lacerda, & Joao, 2014). The majority of researches until now have been carried
out in relation to men’s volleyball. In fact, in a systematic review of match analysis in
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volleyball, Silva, Marcelino, Lacerda, & Joao (2016) record 34 articles, but only in 3 of
them, data of women team’s performance are included. Moreover, as to the content of
women’s volleyball studies, there has been a number of them examining the relation-
ship between two skills of women’s volleyball, such as block and attack efficacy (Alfonso
& Mesquita, 2011), setting and attack efficacy (Alfonso, Mesquita, Marcelino, & Silva,
2010), or between a skill and a categorical variable, such as serve efficacy with role
player (Quiroga et al., 2010), block with setter’s position (Palao, Santos, & Urena, 2004).
Nevertheless, these approaches have a limited scope, since they only take into con-
sideration two variables per analysis. There are other researches for women’s volleyball
that have used accumulated data but from only one team (Florence, Fellingham, Vehrs,
& Mortensen, 2008; Marelic, Resetar, & Jankovic, 2004) and because of this they are
supposed to be case studies and the generalisation of their conclusions is not so wide. In
their study, Kountouris, Drikos, Aggelonidis, Laios, and Kyprianou (2015) with data
from four consecutive Olympics showed that volleyball at high level follows different
pathways for men and women as it is differentiated completely in serve and attack
(without a split in attack after serve’s pass and attack after defence).

The use of accumulated data in order to identify elements that encourage winning
approaches from a championship (Drikos, Kountouris, Laios, & Laios, 2009; Stutzig,
Zimmermann, Busch, & Siebert, 2015) or from a series of championships (Drikos &
Tsoukos, 2018) is more frequent in men, with relevant research in women’s volleyball to
be scarce. All these studies, with the exception of Drikos and Vagenas (2011), did not
separate sets according to the final point difference. Among a large number of sets
being completed in a volleyball league or tournament, several of them are characterised
by clear score differences between competing teams. These sets may lead to a bias of the
trends of the analysis and increase the amount of significance of several performance
indicators (Rodriguez-Ruiz et al., 2011).

This study by using a multi-factorial design examined which volleyball skills con-
tributed to winning or losing a set according to the set final score difference. This was
achieved by having as independent factors the set result (win or lose) and the set type
(three types of set grouped with the criterion of final points difference) and as
dependent variables selected performance indicators. Therefore, the aim of the present
study was to identify volleyball skills that best discriminate between winning and losing
a set in women’s volleyball according to the set final score difference.

2. Methods

The data have been collected from 438 teams’ performances in all sets played (N = 219)
between the top four teams in the final ranking during the women’s Greek Volleyball
League for five seasons (2013–14 until 2017–18). In this study, there is one important
limitation: the women’s Greek Volleyball League is not included in the top level leagues
of the continent, even the level for the best teams of the league is not on comparison
terms with the top level women volleyball. But as the sample covered the whole
population, the data were assumed to be valid. Moreover, in the league, the teams
were entitled to align three foreign players in each game.

In this study, each team’s performance is be classified according to set category
(balanced, semi-balanced and unbalanced) and set result (win-lose). The primary
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recorded and evaluated skills from 60 matches were: 9.592 serves, 8.478 passes, 6.548
attacks 1 (after the pass), 6.880 attacks 2 (after the defence) and 3.402 blocks. For the
evaluation scale of each skill, a six-level ordinal scale is employed, with the value of
“one” indicating a poorly executed skill and the value of “six” an excellent executed
skill. The entire evaluation scale is presented in Table 1. Further definitions for the
evaluation scale per skill are included in Drikos and Ntzoufras (2015) about the serve,
Costa, Alfonso, Barbosa, Coutinho, and Mesquita (2014) about the attack, Palao et al.
(2004) about the block, and Drikos (2018) about the pass.

Set categorisation was accomplished through k-means clustering (Norusis, 2005) and
produced three different clusters of the greatest possible distinction according to set
final score differences: (a) two to three points (balanced sets), (b) four to seven points
(semi-balanced sets) and (c) over seven points (unbalanced sets).

The recording and entry of the data were done as following: all the matches are video
recorded and the third author, who is a scout man of the Greek Volleyball Federation
and an expert in evaluation and recording of volleyball performance data as well as an
excellent user of the software Data Volley which has been specifically designed for
volleyball (Data Project, 2000), evaluated all the skills. In order to check the interob-
server reliability of data recording a test–retest procedure of 12 matches (20% of the
sample) with two weeks interval was established and the Adjusted Κ Cohen was
calculated. As the acceptable value of Adjusted Κ Cohen was set .80 (Altman, 1991)
and the score of the test–retest procedure for each skill separately was .83 for serve, .89
for attack 1, .88 for attack 2, .83 for block and .82 for pass, the interobserver reliability
was confirmed. The greatest discrepancy among the test–retest procedure was observed
in the pass, because its evaluation, as the only non-scoring skill in the study, was
measured in relation to the possibilities given to the team with possession of the ball
and not to the result of the rally, as it is the case for the scoring skills. The differences

Table 1. Evaluation ordinal scale for volleyball skills.
Skill/
Level Serve Attack 1,2 Block Pass

6 Ace
(point)

Win-kill
(point)

Win-kill
(point)

Excellent pass. All options for
attack without
adjustments for the setter

5 Over
The ball to the serving

team

The ball to the attacking
team with good
conditions or to the
defending team with
bad conditions

The ball to the blocking
team with good
conditions or to the
attacking team with
bad conditions

Good Pass.
All options for attack

4 One option for attack
for the receiving
team

The ball to the attacking
or defending

team with medium
conditions

The ball to the blocking
or attacking

team with medium
conditions

Two options for attack from
the sidelines

3 Two options for attack
for the receiving
team

The ball to the attacking
team with bad
conditions or to the
defending team with
good conditions

The ball to the blocking
team with bad
conditions or to the
attacking team with
good conditions

One option for attack or
attack out of the system

2 All options for the
attack on the
receiving team

Stuffed by a Kill block
(lost point)

Error on the net
(Incorrect touch of the

net, lost point)

Overpass
The ball was passed directly

to the serving team court.
1 Error

(lost point)
Error
(lost point)

Error
(lost point)

Error
(lost point)
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among the Adjusted Κ Cohen values highlight the necessity for coaches to quantify the
reliability of the volleyball performance data evaluation in order to secure reproduci-
bility for monitoring small but practically important changes in an individual subject
(Hopkins, 2000).

Set statistics included variables of effectivity (the number of the categorised events
divided by the total number of the skill) for serve, serve’s pass, attack 1 (after serve’s
pass) and attack 2 (after defence). The relevant variable for the block is points earned
due to block divided by total set points. A volleyball team can get points in four
different ways: serve, block, attack and the points gained from the errors of the
opposing team. In order to materialise a complete view of each way teams earned
points a variable of opponents’ errors was added. As for the opponent errors all the
unforced errors (serve errors, attack errors, an illegal touch of the net, mishandling of
the ball) of the opponent are included divided by total set points. So, the data set
consists of the following twelve (12) performance indicators (abbreviations): (1)
Opponent errors per set points (OPPerr%), (2) Serve Error (Serr%), (3) Serve win
(Swin%), (4) Pass Error (Perr%), (5) Pass precise % [Pass perfect %+ Pass excellent %]
(Pprc%), (6) Attack 1 Errors (A1err%), (7) Attacks 1 blocked (A1blk%), (8) Attack 1
win (A1win%), (9) Attack 2 errors (A2err%), (10) Attacks 2 blocked (A2blk%), (11)
Attack 2 win (A2win%) and (12) Block points per set points (Bset%).

Multivariate analysis of variance (MANOVA) was used to simultaneously compare
all twelve performance indicators between the two set outcomes, and between the three
set types. One way analysis of variance (ANOVA) was carried out to identify differences
in the performance indicators between the three types of sets for victory or defeat. A
stepwise discriminant analysis was carried out as a follow–up procedure to MANOVA
to identify for every type of set: (a) the canonical discriminant function that best
separates the three group means with the calculation of the eigenvalue, canonical
correlation coefficient and Wilk’s lambda, (b) which of performance indicators are
best predictors of set final result with the use of the correlation coefficients greater
than |0.30| between the standardised canonical discriminate function and z-values of
the discriminant function (Tabachnick & Fidell, 2007) and (c) the accuracy of the
equation that best discriminates between types of result for every type of set was
conducted using “leave one out” classification (Norusis, 2005), with each case being
classified by applying the classification function on all the data except this case. The
statistical analysis was performed using SPSS 19.0 software and significances were tested
at a < .05.

3. Results

Three types of set classification were produced by the cluster analysis on the total
sample of 219 sets. A total of 73 sets (33.333%) were classified as balanced with a
difference up to 3 points, 82 sets (37.443%) were classified as semi-balanced with a
difference from 4 to 7 points and 64 sets were classified as unbalanced with points
difference equal or above 8 points. Table 2 summarises all the variables employed in
this study for teams’ performance-related statistics for all groups.

No missed values, extreme scores and outliers were noted on the present data. Basic
statistical assumptions were tested and met. The Box’s test of equality of covariance
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matrices was statistically significant (Box’s M = 585.467, p = .000), indicating hetero-
geneity of the variance-covariance matrices across groups, so the Pillai’s trace multi-
variate test was used (Tabachnick & Fidell, 2007). The Bartlett Test of Sphericity
(approx. Chi-square = 2384.109, p = .000) indicated that significant correlations were
present among the dependent variables to proceed with the analysis. In particular, there
was no multicollinearity between the dependent variables as the simple correlations,
presented in Table 3, were all <|.6|). In addition, based on the statistics presented in
Table 3, the twelve variables appear not to be affected even by moderate collinearity as
tolerances were high (from .506 for A1win to .914 for Bset) and variance inflation
factors values were small (from 1.094 for Bset to 1.974 for A1win). Therefore all
dependent variables were appropriate for multivariate analysis.

The main results of MANOVA having as dependent variables the twelve perfor-
mance parameters and independent variable the fully crossed factors “type of set” and
“type or result”, which are given in Table 4, showed that the linear combination of the
twelve performance indicators did not differ significantly across the three types of set
(Pillai’s trace = 0.067, F (24, 844) = 1.226), p = .209, partial η2 = .034), but differentiated
significantly: (a) across the two types of result (Pillai’s trace = 0.526, F (12,
421) = 38.962, p = .000, partial η2 = .526) and (b) their crossed combination (type of

Table 2. Descriptive statistics of the performance indicators.
Type of
set Balanced Semi-balanced Unbalanced

Type of
result Loss Win Total Loss Win Total Loss Win Total

OPPErr% 28.5±10.9 27.1±10.0 27.8±10.4 29.9±10.5 25.2±9.0 27.6±10.0 31.3±12.6 26.5±10.7 29.0±12.0
Serr% 11.7±7.1 12.1±6.3 11.9±6.7 12.4±7.5 10.3±5.8 11.4±6.7 15.5±9.6 9.1±4.8 12.3±8.2
Swin% 8.5±5.8 9.1±6..4 8.8±6.0 7.8±5.9 10.4±6.6 9.1±6.4 5.4±5.7 10.1±6.5 7.8±6.5
Perr% 10.4±7.2 9.7±6.6 10.0±6.9 11.6±7.4 8.9±6.7 10.3±7.2 11.2±7.1 6.4±6.8 8.8±7.3
Pprc% 42.3±10.4 45.0±13.3 44.0±12.0 40.1±11.3 46.5±14.6 43.6±13.4 40.5±12.5 46.0±15.3 43.0±14.2
A1err% 8.2±6.5 7.1±5.6 7.6±6.1 8.8±7.0 6.7±6.3 7.7±6.8 12.3±9.2 5.1±6.94 8.7±8.9
A1Blk% 7.2±6.2 8.2±7.5 7.7±6.9 9.2±8.1 7.0±6.8 8.1±7.6 11.5±8.1 3.6±5.9 7.6±8.1
A1win% 36.3±11.7 42.4±12.5 39.3±12.4 34.5±10.8 49.1±13.5 41.8±14.2 29.2±11.5 48.2±14.5 38.7±16.2
A2err% 9.4±6.9 8.2±6.8 8.8±6.9 11.0±10.1 8.2±6.1 9.6±8.5 10.8±10.9 6.7±6.4 8.8±9.1
A2Blk% 9.4±9.0 8.8±6.3 9.1±7.7 7.8±7.5 7.3±6.9 7.5±7.2 9.9±8.1 4.3±4.6 7.1±7.2
A2win% 32.1±13.7 37.7±11.6 34.9±12.9 30.2±12.5 42.0±15.0 36.0±15.0 27.7±15.6 46.2±12.0 37.0±16.7
Bset% 2.0±1.5 1.7±1.4 1.8±1.4 1.7±1.4 1.4±1.2 1.5±1.3 1.6±1.4 1.9±1.1 1.7±1.4
N 73 73 146 82 82 164 64 64 128

Table 3. Collinearity diagnostics and correlations indices among the 12 performance indicators.
1 2 3 4 5 6 7 8 9 10 11 12 Tol. VIF

1.OPPErr% 1 .700 1.429
2.Serr% .065 1 .825 1.212
3.Swin% −.121 −.149 1 .770 1.299
4.Perr% .129 .023 −.039 1 .737 1.357
5.Pprc% −.259 −0.83 .056 −.306 1 .813 1.229
6.A1err% .033 .075 .005 .067 −.024 1 .800 1.250
7.A1Blk% .099 −.039 −.057 −.027 .056 −.073 1 .757 1.320
8.A1win% −.258 −.004 .047 .021 .171 −.276 −.248 1 .506 1.974
9.A2err% .060 .092 .111 .112 −.038 −.010 .028 −.008 1 .820 1.220
10.A2Blk% .040 .076 .001 −.007 −.006 .049 .071 −.009 .028 1 .873 1.146
11.A2win% −.347 −.009 −.031 −.066 .098 −.068 −.054 .101 −.301 −.257 1 .556 1.798
12.Bset% −.176 −.033 −.101 −.026 .079 −.009 −.042 −.009 .021 .032 .030 1 .914 1.094

Tol.: tolerance = 1-Ri
2, with Ri

2 = % variance in common with the other variables.
VIF = 1/(1-Ri

2) = variance inflation factor.
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result × type of set) (Pillai’s trace = 0.304, F (24, 844) = 6.312, p = .000, partial
η2 = .152). A series of F tests were carried out on each significant main effect of
MANOVA and according to the results (presented in Table 4) with respect to the
factor “type of result” all the variables were highly significant (p < .001) except block
(p = .611). Similar results were found for the univariate F’s interaction between the two
factors, with variables Serr, A1blk, A1win and A2win to be highly significant (p = .000),
variables Swin, Perr, A1err to be significant (p < .05) and variables OPPerr, Perr, Pprc,
A2err and Bset to be non-significant (p > .05). An inspection of the mean values
showed that in variables representing direct errors in serve or pass and in variables
representing kill attack (either after pass or defence) losing teams perform poorly
compared to winning teams in all types of sets.

The test of equality of the two group means for “type of result” was significant for all
performance indicators (p < .005) except Bset (p = .492). The same trend is presented
for unbalanced sets as all variables were significant (p < .05) except Bset (p = .234). For
semi-balanced sets, the test of equality is significant for nine variables (p < .05) except
A1Blk (p = .072), A2Blk (p = .659) and Bset (p = .175). On the contrary, for balanced
sets only A1win (p = .003) and A2win (p = .009) present significant differences in terms
of winning or losing a set, as all the other variables do not (Table 5).

The eigenvalues, the canonical correlations, the chi-square values, the respective
significances as well the correct classifications of the discriminant functions are pre-
sented in Table 6. The discriminant functions were all statistically significant (p < .05)
and a clear trend of progressive change in these statistics between types of the set is
obvious. The canonical correlation decreases from .860 to .423 and the corresponding
classifications between win or lose of a set reduces from 94.5% for the unbalanced set to
62.3% for the balanced sets. So, as the score difference gets smaller the discriminatory
power of the function gets lower and vice versa.

Table 4. Multivariate tests of statistical significance.

Effect Pillai’s Trace
F

(Hypothesis df, Error df) Sig. Partial Eta Squared

Type of set 0.067 1.226 (24, 844) .209 .034
Type of result 0.526 38.962 (12, 421) .000 .526
Set × Result 0.304 6.312 (24, 844) .000 .152

Table 5. Univariate tests of significance.

Performance Indicators

Type of Result Set × Result

F Sig. F Sig.

OPPErr% 12.918 .000 1.186 .307
Serr% 15.817 .000 8.227 .000
Swin% 20.154 .000 3.883 .021
Perr% 16.754 .000 3.006 .051
Pprc% 13.841 .000 1.064 .346
A1err% 27.137 .000 7.427 .001
A1Blk% 19.132 .000 13.334 .000
A1win% 123.033 .000 9.798 .000
A2err% 12.136 .001 1.052 .350
A2Blk% 10.443 .001 5.403 .005
A2win% 85.049 .000 7.962 .000
Bset% 0.259 .611 1.854 .158
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To assess the relative contribution of each performance indicator in maximising
the multivariate difference for type of result (win or lose), the discriminant structure
coefficients were examined (Table 5, in italics). Structure coefficients >|.30| are
meaningful and indicate the substantial contribution of the respective independent
variables in the separation between the levels of the dependent variable (Pedhazur,
1997).

Only two performance indicators A1win (.577) and A2win (.479) possessed a
meaningful structure coefficient (SC) with regards to the multivariate separation
between the two groups of “type of result”. The squared SC values indicated that
33% and 23% respectively of the variance in these two variables is accounted for
by the discriminant function. Their combination leads to the substantial explana-
tion that the main difference between the two groups of sets (win-lose) reflects
mainly the status of win attack. This trend is displayed as an important factor
across each level of the “type of set”. For balanced sets and semi-balanced sets
A1win (.540 and .555, respectively) and A2win (.470 and .392, respectively) are the
only variables that their SC is higher than |.3|. For unbalanced sets except for
these two variables (A1win = .434 and A2win = .398), the variable A1blk with
SC = .-334 has an effect on the separation between won and lost sets. The negative
sign in this variable indicates the negative effect on the team’s performance. The
importance of the two variables A1win % and A2 win % in the accuracy of the
discriminant function is presented in the scatter plot (Figure 1) with values of the
two variables in X and Y-axis and labels the predicted groups for all the sets and
for all the types of set.

Table 6. Eigenvalue, test of the significance and classification table for the discriminant function.

Type of Result Overall D.A.
Balanced
Sets Semi-balanced Sets Unbalanced Sets

Eigenvalue 0.795 0.218 1.191 2.840
Canonical correlation .6665 .423 .737 .860
Wilks’ Lambda .557 .821 .456 .260
Chi-square 251.484 27.246 122.35 161.456
df 12 12 12 12
p .000 .007 .000 .000
Correct classification 80.8% 62.3% 84.1% 94.5%

Table 7. Tests of significance (p values, in bold< .05) for the equality of group means and
structure coefficients (in bold >|.3|) for the type of result in all types of set.

Performance Indicators Overall D.A.
Balanced
Sets Semi-balanced Sets Unbalanced Sets

OPPErr% .000 −.194 .403 −.150 .002 −.221 .021 −.123
Serr% .000 −.198 .685 .073 .048 −.144 .000 −.251
Swin% .000 .232 .550 .107 .008 .192 .000 .231
Perr% .000 −.213 .554 −.106 .014 −.178 .000 −.207
Pprc% .000 .201 .295 .187 .005 .206 .017 .128
A1err% .000 −.261 .263 −.200 .046 −.145 .000 −.265
A1Blk% .000 −.212 .604 .152 .072 −.130 .000 −.334
A1win% .000 .577 .003 .540 .000 .555 .000 .434
A2err% .001 −.184 .265 −.200 .038 −.150 .010 −.138
A2Blk% .004 −.156 .604 −.093 .659 −.130 .004 −.252
A2win% .000 .479 .009 .470 .000 .392 .000 .398
Bset% .492 −.037 .328 −.175 .175 −.098 .234 .063
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4. Discussion

The present study aimed to analyse match regularities in the context of Greek top four
teams in women’s volleyball for a period of five seasons. More specifically, it intended to
identify volleyball skills that best discriminate between winning and losing a set in
women’s volleyball according to the set final score difference. The data showed that
there are three types of set: with a final difference of up to 3 points (balanced sets), from
4 to 7 points (semi-balanced sets) and over 7 points (unbalanced sets).

The results of this study indicate that the number of significant performance indices in
women’s volleyball is reduced as the difference in points between the two challenging teams
decreases. In unbalanced sets, the losing teams perform poorly in all twelve (12) performance
indicators except block. In semi-balanced sets block and blocked attacks 1 and 2 are the skills
which not differentiated for the losing teams. In balanced sets only the effectiveness of attack 1
and 2, as it is expressed from the sum of successful attacks divided by the total sum, present a
significant difference between types of result (win-lose). These results coincide with those of
Drikos and Vagenas (2011) who found that for men volleyball the more the score difference
between the two opponents reduces the more important the role of attack becomes. The
importance of skill attack in women’s volleyball is mentioned in many studies as well
(Akarcesme, 2017; Stamm, Stamm, Torilo, Thompson, & Jairus, 2016; Zirhlioglu, 2013).

Figure 1. Scatter plot with values of the variables ATT1 points % and ATT 2 points % and labels
predicted groups for all the sets and for all the types of set.
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The general trend that the losing teams perform poorly in all skills in semi-balanced
and unbalanced sets does not apply for the balanced ones. As the difficulty of an entire
set increases and the importance of attack skill gets crucial, the percentages of effec-
tiveness for the winning team get lower for the attack after pass and for the attack after
defence. On the contrary, for the losing team, the effectiveness of attack increases along
with the difficulty of the set. Thus, the important factor is not the effectiveness of the
attack on its own but with respect to the attack of the opponent. This finding is in
agreement with those for the men’s game where attack effectiveness is the basic
assumption to claim victory in a single set (Calhoun, Dargahi-Noubary, & Shi, 2002;
Drikos, 2018; Laios, Kountouris, & Kyprianou, 2012; Patsiaouras, Charitonidis,
Moustakidis, & Kokaridas, 2009). Despite the fact that Kountouris et al. (2015) mention
for volleyball played at a high level that men outperform women in successful attacks,
the importance of successful attacks is undoubted for women’s volleyball, too.

Although the performance indicators which reflect skills such as serve, pass, errors or
blocked attacks and opponents errors are significantly differentiated in unbalanced and
semi-balanced sets, their influence in balanced sets is neutralised and only the effectivity
in attack 1 and 2 differs significantly between winning and losing teams. This is in
partial agreement with Stutzig et al. (2015) who mention for elite men’s volleyball that
the effectivity in attack 1 is balanced between teams of different performance levels,
while huge differences exist in effectivity of attack 2.

Moreover, the results of this study indicate that effectiveness of attack after pass and
after defence is the best discriminant factor between winning and losing in women’s
volleyball for all types of sets. A novel finding of the present study is that successful attack
1 and 2 could predict 80.8% of the variance of the type of result for a typical volleyball set.
Based on structure coefficients, attack 1 win demonstrated the stronger relationship,
whereas attack 2 win demonstrated a moderate relationship with the discriminant func-
tion. Therefore, the remaining 19.2% of the variance that explained the type of result in
the present study could be attributed to other parameters. Along the increase of the score
difference, a tendency is revealed regarding the accuracy of the correct classification. The
discriminant function equation using the variables attack 1 win and attack 2 win under
the “leave one out” classification method, classified correctly the 94.5% of unbalanced
sets, 84.1% of semi-balanced sets and 62.3% of balanced sets. In a similar approach about
83% of one women team’s sets (Marelic et al., 2004) and 98%, 83% and 67% for the three
types of sets of men’s team’s performances (Drikos & Vagenas, 2011) are correctly
classified. Thus, the creation of the discriminant equation especially for balanced sets
indicates the necessity of further research in two directions: (a) to conduct a more
detailed approach of sets’ categorisation by including as factors of clustering not only
the final score difference, but also the range of difference in the raw score and (b) to
determine variables which can increase the percentage of correct classification.

Overall, in women’s volleyball winning a set is related to performance in the game’s
skills. In this study, by examining all the sets of a tournament, even those in which
there was a clear winning, the importance of critical skills is expanding. The findings
indicate that team coaches should take into account the importance of the effective-
ness of attack, which is affected by technical/tactical, anthropometric and physical
parameters. More specifically, as Milic et al. (2017) suggested a talent identification
system based on somatotype selection with major criteria the body height and the
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body mass index could be established. Moreover, a targeted training design to
improve selected physical parameters, such as power output of lower limbs and
upper body along with the technical/tactical parameters could be developed (Milic
et al., 2017).
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Abstract 

In volleyball, due to the sequential structure of the game, each outcome results 

from events that follow consistent consecutive patterns: pass–set–attack–

outcome, serve–outcome and block–dig–set–counter attack–outcome. There are 

three possible outcomes: point won, point lost, and rally continuation. With the 

aim of quantifying the importance of volleyball skills, data of world champions of 

the male International Volleyball Federation tournaments for three age categories 

(Youth, Juniors and Men) were used to construct a transition matrix between 

subsequent moves and skills within the game. A Dirichlet-Multinomial Bayesian 

model was used to estimate the transition probabilities between the subsequent 

moves along with the marginal probability of success of each skill in the 

complex. The prior distribution of each transition probabilities between 

moves/skills was elicited to incorporate experts' opinion. For the final evaluation 

of the skills a simple Monte Carlo scheme was applied to obtain a random sample 

from the posterior distribution. The findings of the study indicate that the relative 

importance of volleyball skills is robust across world champions of different age 

categories. Slight variations are observed on specific skills. A new index 

(Quantile Mid-range Ratio) is proposed for highlighting skills that are valuable 

for team’s gameplay. 

KEYWORDS: PERFORMANCE ANALYSIS, MARKOV CHAIN, TRANSITION 

MATRIX, MULTINOMIAL DITSRIBUTION, JUNIORS 
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Introduction  

In volleyball, the points scored by a team are primarily based on the successful execution of 

the skills of the game. Volleyball has three scoring skills (serve, attack, and block) and three 

non-scoring skills (pass, set, and dig). For each team, a maximum of three contacts of the ball 

is allowed before the ball crosses the net to the opponent’s court (a block does not count as a 

touch). Typically, teams exhaust all three contacts. Due to the sequential structure of the game, 

each outcome results from events that follow three consistent consecutive patterns (Miskin, 

Fellingham, & Florence, 2010): (1) pass–set–attack 1–outcome, (2) serve–outcome, and (3) 

block–dig–set–counterattack or attack 2–outcome. The outcome is a consequence of one of 

three possibilities: (1) point won, (2) point lost, or (3) the rally continues with the ball on the 

opponent’s side. 

Quantitative analysis of volleyball data has been focused on the analysis of skill-specific 

isolated touches of the ball and do not offer any insight for the sequence or the interaction 

between skills and moves leading to a winning point (Araujo, Mesquita, & Marcelino, 2009; 

Marcelino, Mesquita, & Sampaio, 2009). Such analysis has been performed for tournament, 

season, game or set data and even for sets depending on the point difference between the two 

teams (Drikos & Vagenas, 2011). Conversely, research concerning the importance of skills and 

their execution level on the final outcome of a single rally is rather limited. Only the studies of 

Florence, Fellingham, Vehrs, and Mortensen (2008) and Miskin et al. (2010) have attempted to 

account for the interaction of volleyball skills within a single rally using data from a women’s 

team. Research so far has investigated, almost exclusively, the top age category of each gender 

(Alfonso, Esteves, Araujo, Thomas, & Mesquita, 2012; Kountouris, Drikos, Aggelonidis, 

Laios, & Kyprianou, 2015; Zetou, Tsigilis, Moustakidis, & Komninakidou, 2006) with the 

exception of the articles of Costa, Caetano, Ferreira, Alfonso, and Costa (2011) and  Garcia de 

Alcaraz, Ortega, and Palao (2015) which examined possible determinants of the attack 

effectiveness for youth male volleyball teams and across ages, respectively. 

The aim of the current study was to estimate the importance of detailed skills and skill 

sequences within each rally and to compare results across the World champions’ teams of the 

three male age categories (youth-U19, juniors–U21 and men). For volleyball practitioners 

(coaches and managers) it is meaningful to know the value of each skill in isolation in order to 

allocate training time efficiently, especially when it is limited, and to select players with proper 

technical characteristics when forming a team. 

Methods 

Data and Variables 

All recorded data refer to the performance of the winning team from the latest world 

championships of national teams in all age categories (U19, U21 and men) for male volleyball. 

To be more specific, we consider all the rallies (N=2111) for Poland in Men, winner for 2014 

and for Russia, winner for 2013 both in U21 (N=1327) and in U19 (N=1116).  

Moreover, only the actions of the team under study are recorded and analyzed. The data for the 

observed team was collected by using the Data Volley software, a specialized digital recording 

tool (Data Project, 2000). Attack, block, dig and free ball skills were categorized into two 

sequences (1 & 2). Setting for the attack, either after serve’s pass or after the defense is divided 

according to the position of the court and the type of setting.  

 



IJCSS – Volume 18/2019/Issue 1              www.iacss.org 

165 

Five possible positions of attack (left front side, middle front & middle back side, right front & 

right back side) and two types of attack (quick and high) are included. Types of setting for all 

positions of attack are categorized as follows (with merge of categories proposed by Afonso 

and Mesquita (2007): Quick (fast) setting when the attacker jumps during or slightly after the 

set, possibly taking one step after the set and high (slow) setting when the attacker takes more 

than two steps or waits after the set to start his approach. Also, the attack in the second contact 

from the setter and the attack out of the system are classified as attacking moves. A direct 

attack is defined as the case when the ball is driven directly from the opponent’s court (direct 

attack of an overpass). A setting error records the case where the recorded team makes an 

unforced error during the second touch.  

For the serve, jump and float, and for a pass against jump or against float serve, a six-level 

ordinal tactical scale is employed with the value of one indicating a poorly performed skill and 

the maximum value corresponding to the optimally performed skill (Rocha & Barbanti, 2006).  

For the block, either after serve or after the attack, a three-level ordinal scale is used (Palao, 

Santos, & Urena, 2004). Finally, for the skill of defense there are two states: free ball and dig, 

either after serve or after the attack. Following the approach of Florence et al. (2008) dig 

related skills were merged in a single state in order to avoid having to deal with a sparse matrix 

of transition frequencies. All the matches were video recorded and the observer was a 

volleyball coach, expert in evaluation and recording of the volleyball performance data and 

excellent user of the software. The intra-observer reliability was tested with a test-retest 

procedure with a two weeks interval, from a random sample of 200 rallies per team. As the 

acceptable value of Adjusted Κ Cohen was set .80 (Altman, 1991) and the score of the test-

retest procedure for each skill separately was .83 for serve, .88 for attack 1, .89 for attack 2, .84 

for block and .81 for pass. Overall, an adjusted K Cohen value of .85, very good, was 

calculated and the intra-observer reliability was confirmed. All recorded skills and their 

properties are summarized in Table 1. 

Table 1.Performance ratings, levels and categorization for each skill Si. 

Main Skills 

(# rows in transition 

matrix) 

Skills (sub) 

Level 

code 

(Level 

Symbol) 

Sequences Types 

Serve (Jump & float) 

 (12) 

Serve ace. The ball lands in 

receiving team’s court with none or 
one  touch  

6(#)   

 
The ball drives directly to the 

serving team’s court (overpass) 
5(/)   

 
The ball is on receiving team’s court 

but with just one option for attack 
4(+)   

 
The ball is on receiving team’s court 

with two  options for attack 
3(!)   

 
The receiving team has all the 

options for attack 
2(-)   

 Serve error 1(=)   

Pass  

(vs Jump & vs Float 

serve)  

(12) 

The receiving team has all the 
options for attack without 

adjustments for the setter. 

6(#)   
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Main Skills 

(# rows in transition 

matrix) 

Skills (sub) 

Level 

code 

(Level 

Symbol) 

Sequences Types 

 

The receiving team has all the 

options for attack with adjustments 

in the approach of the ball for the 

setter. 

5(+)   

 The ball is on receiving team’s court 

with two  options for attack 
4(!) 

  

 The ball is on receiving team’s court 

but with just one option for attack 
3(-) 

  

 The ball drives directly to the 

serving team court 
2(/) 

  

 Pass error. 1(=)   

Block  Block kill 1(#) 2(AS,AA)*  

(6) Continue Block. The ball stays in the 

blocking team’s court 
2 2(AS,AA) 

 

 Continue Block. The ball stays in the 

attacking team’s court 
3 2(AS,AA) 

 

Setting location  

(24) 

Left Front Side (LFS) 2     2** 

Right Front side (RFS) 2 2 

Right Back side (RBS) 2 2 

Middle Front side (MFS) 2 1(quick) 

Middle Back side (MBS) 2 2 

 Out of system (OoS) 2  

 Setter’s Tip or attack in 2nd touch (STR TIP) 2  

 Setting error (SE) 2  

Direct attack   

(1) 

Attack of an overpass    

Defense  Dig  2(AS,AA)*  

(4) Free ball   2(AS,AA)  

*2 sequences indicate that the skills are recorded for both sequences separately. For block (after serve-AS & 

after attack-AA), for attack (after pass-Attack1 & after defense-Attack2), for defense (after serve-AS & after 

attack-AA) 
**2 types indicate that the skills are recorded for quick (fast) and high (slow) type of setting 

Method of Analysis 

The paper uses the methodology of Fellingham and Reese (Miskin et al., 2010) to evaluate the 

importance of each skill. According to their approach, the coefficient of the skill importance 

for the i-th recorded skill is defined as the ratio of the posterior mean of Pi over its 

corresponding standard deviation, that is  
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( | )

( | )

i
i

i

E P y
I

V P y
  (1) 

 

where Pi is the probability that this skill will end up in a point in favour of the team under 

study after two subsequent game moves and is calculated by 

1 2 1 1

1

( point | ) ( point | ) ( | )
n

i t t i t t k t k t i

k
k i

P P Y Y S P Y Y S P Y S Y S 

   




         (2) 
 

with n denoting the number of skills, 1( point | )t t iP Y Y S

    denoting the probability of 

scoring a point in favour of the team under study after a skill Si and  1( | )t k t iP Y S Y S    

denoting the transition probability from skill Si to skill Sk. It is further assumed that the scoring 

for each skill is not influenced by the time point hence

1 2 1( point | ) ( point | )i t t i t t iP P Y Y S P Y Y S 

        .  

Ratio (1) provides the opportunity to attach an importance score to every skill and its 

corresponding levels, capturing the quality and the precision of the corresponding move or 

skill. Every time the ball is on the side of the team under investigation, the outcome is 

determined by a sequence of events that follow specific schemes: pass–set–attack 1–outcome, 

serve–outcome and block–dig–set–attack 2–outcome, with the assumption that these schemes 

are first-order Markov chains.  

These sequences are recorded in a transition matrix of counts (one for each team) where the 

data of the matrix represent the number of moves from one state to another aggregated over all 

games under consideration. For each team under study, a transition matrix of observed counts 

y=(yij) of dimension 59×62 is formed; where i=1,...59 and j=1,...,62. The three additional 

states appearing in the columns of the matrix consist of the continuation of the action with the 

ball in opponent’s court and the terminal states of a point scored or lost by the team.This 

matrix contains the transition frequencies for jump and float serves, passes against jump and 

float serves, sets after serve’s pass by location and type, sets after defense by location and type, 

block after the serve, blocks after the attack, free balls and digs and possible outcomes. 

Because of the sequential structure of the game, there are sequences that are not feasible, such 

as moving from an excellent pass to an ace serve. These cases refer to structural zeros at the 

observed frequency table of the data and the corresponding probabilities are restricted to zero 

by the initial model formulation. A simple Bayesian model is used to estimate the transition 

probabilities 1( | )  t k t iP Y S Y S and the success probabilities Pi as defined by (1). For brevity, 

let us denote the transition probabilities 1( | )  t k t iP Y S Y S by ik . For each row (skill-rating 

combination), a multinomial likelihood is assumed: 

1 , , 1 , 2 1 , , 1 , 2( ,..., , , | ,..., , , ) ik

i

y

i i n i n i n i i n i n i n ik

k

f y y y y        




M

 (3) 

with 
3

1

1
i

n

ik ik

k k

 


 

  
M

 for each i; where iM  is the set of indices corresponding to possible 

following skill Si.   
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Therefore, the corresponding transition probabilities  with  ik ik M  are quantities under 

estimation taking values in the (0, 1) interval while all with ik ik M are structurally restricted 

to zero and therefore are not estimated.  

For each skill Si, a conjugate Dirichlet prior distribution is used for the parameters under 

estimation, ( , )i ik ik  M , of the type 

1
( | ) ik

i

a

i i ik

k

f A  



 
M

, (4) 

where ( , )i ik iA a k M  are the prior parameters for parameters Πi. For each skill (row in the 

transition matrix) the prior parameters Ai can be elicited by using coaches’ expert opinion. In 

the implementation, two different prior set-ups are used: (1) the minimally informative case 

and (2) the case with information available from team experts.  

Since a conjugate set-up is used, the posterior distribution for the transition probabilities Πi 

will be also a Dirichlet distribution with parameters (yik+αik), for ikM , that is  

1
( | , ) ik ik

i

y a

i i i ik

k

f y A   





 
M

, (5) 

where
1 , , 1 , 2( ,..., , , )i i i n i n i ny y y y y   . Note that iky  are constrained to zero for all ikM .  

Under this setup, the posterior mean and variance are given by: 

, 3 3

1 1

( | ) ik ik
i k i n n

ij ik

j j
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E y

y a
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


 

 and 

 

 , 1 , 2 , 1 , 2

, 3 3

1 1

( | ,..., ) 1 ( | ,..., )
( | )

1

i k i i n i k i i n

i k i n n

ij ij

j j

E y y E y y
Var y

y a

 


 
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
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for all  ikM , respectively.  

For the final evaluation of the skills, the posterior distribution of the success probabilities (2) 

needs to be calculated and these are not readily available. For this reason, a simple Monte 

Carlo scheme is applied to obtain a random sample of size T from the posterior distribution. In 

this way, we obtain estimates of the posterior means of the success probabilities Pi and 

standard deviations and, finally, the importance scores given by (1).  

The sampling scheme can be summarized by the following steps: 

 For t =1, ... T,  

o For i=1,..., n 

 Find the set iM of all possible states following Si 

 Generate Πi from a Dirichlet distribution with parameters Ai. 

 Calculate the success probability for iteration t using equation (2), that is 

, 1 , , 1

1

n

i i n i k k n

k
k i

P    




  .  

All skills scores were calculated using a simple Monte Carlo scheme of 10,000 iterations. 

Finally, the similarity between the skills rankings across different ages is assessed by using 

Spearman correlation since only the ordering of the importance scores should be compared 

across teams because of the direct connection of importance score index with the sample size.  
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Model specification with minimal prior information 

Usually the minimal prior information is available for the estimation of the transition 

probabilities 
1( | )ik t k t iP Y S Y S    appearing in (3). Therefore, it is a requisite to specify the 

prior distribution (4) in such a way that it will have an imperceptible effect on the final results. 

A minimally informative prior to the Multinomial-Dirichlet model can be specified by 

considering equal prior parameters and restricting their sum to one. The contribution of the 

prior information, in this case, is equal to one data point, since their sum is equal to one. 

Moreover, no preference is expressed for any alternative state (due to the equality of the 

parameters. Therefore the parameters of the Dirichlet prior for skill Si are given by  

 
1/ | | for  

0 for  

i i

ik

i

k
a

k


 



M M

M
,  

where | |iM is the number ofpossible transitions from a skill-rating combination Si to a 

subsequent state. 

Elicitation of Prior Information from Experts 

The novelty of the present study is based on obtaining posterior results that also combine 

expert opinions from volleyball coaches of the Greek National teams.  Each coach was 

considered to be an expert for the corresponding age category in the qualification process for 

the World Championship final phase in the relevant age categories. As a first step, the coaches 

were familiarized with the notion of the transition matrix, the possible states for each sequence 

and the grading system of the skills. Subsequently, the coaches were interviewed and provided 

information about the transition probability matrix.  

The collection of such information was a difficult task due to the difficulty of quantifying 

qualitative knowledge (Albert, Donnet, Guihenneuc - Joyaaux, Low-Choy, Mengersen, & 

Rousseau, 2012). Due to the uncertainty introduced by this fact, it was decided to attach a low 

weight to the experts/coaches opinion. 

Hence, the prior parameters were set equal to the elicited transition probabilities of experts 

multiplied by 0.1×Ni for each skill Si. Using this method, the information introduced by the 

experts will account for an additional 10% of the transition probabilities of the observed data 

points. Using this approach, parameters of the Dirichlet prior (4) for each skill Si are given by  

 
for  

10

0 for  

i
ik i

ik

i

N
p k

a

k


 

 
 


M

M

,  

with 
ikp
  denoting the prior estimate of an expert for the probability 

1( | )ik t k t iP Y S Y S    . 

The Quantile Mid-range Ratio 

The importance scores (1) identify skills with high success probabilities but also with high 

accuracy of estimation (or low uncertainty about the estimated probability). Thus it will focus 

on frequently played successful skills of the team.  

This importance index fails to identify skills which are potentially promising but are not played 

frequently by the team under study. Such skills have high success probabilities (close to one) 

but relatively large variance (and therefore high uncertainty) and they are asymmetric since 

they are defined in the (0,1) interval.  



IJCSS – Volume 18/2019/Issue 1              www.iacss.org 

170 

For this reason, it is functional to introduce a different diagnostic measure for tracing 

important skills by assessing the symmetry of the posterior distributions of success 

probabilities. This measure is the 90% Quantile Mid-range Ratio (90% QMR) as the ratio of 

the range between the 50
th

 and the 5
th

 percentile to the range between the 95
th

 and the 50
th

 

percentile, that is 

 
0.05

0.95

M Q
QMR

Q M





,  

where Qα is an α quantile and M is the median value.  

Values close to one indicate equal ranges and possible symmetry, while values away from one 

identify asymmetric distributions. Values over one indicate negative skewness and values less 

than one indicating positive skewness. For example, a value equal to 1.3 indicates that the 

amplitude of 45% of the values below the median is 30% higher than for the corresponding 

range above the median. 

The QMR values can be used to identify asymmetric posterior distributions of the success 

probabilities for each skill. Probabilities away from the boundaries of one and zero will be 

relatively symmetric and therefore their importance score will be evaluated efficiently. 

Probabilities close to one will be negatively skewed and they will be identified as skills of 

potentially high importance, even in cases where the variance is large. This is extremely useful 

when the sample size for a specific skill is small and the posterior variance is high due to lack 

of data. Speaking strictly from the perspective of the game, such skills may be highly 

important, leading to crucial points, but they may not occur frequently due to their difficulty or 

because of the lower skills of the players of the team under study.  

Results 

The results and the analysis presented here are obtained using the experts’ opinion. By 

incorporating the experts’ opinion in our analysis we exploit additional information by the 

experts which are extremely beneficial for rare events and skills stabilizing the posterior 

distributions, while for the rest of the skills results minor differences were observed between 

the minimal informative prior based approach and the prior information from experts. All 

minimal informative analysis is available by the authors in an electronic supplement.  

The success probabilities Pi for each skill or tactical choice are provided in Table 2. Results are 

summarized according to the evaluation level of each skill from the three age categories. Table 

2 shows an unexpected result about serve. When the serve is highly evaluated, the success 

probabilities are not only increased but they are also decreased in specific cases. For this 

reason, the total probability of non-failure in the next two touches of the ball after the serve is 

additionally calculated. Under this approach, the non-failure probabilities are positively 

associated with the serve quality; see Figure 1 for success and non-failure probabilities for both 

types of serve. 

For serves of the third quality level of the scale, the U19 team has a greater likelihood of 

achieving a point than U21 & Men team. The same result is reached for the pass in both types 

of serve of the fourth quality level of the scale. The U19 team is more likely to win the action 

than the Men’s team. 

As expected, pass levels 4 - 6 and attack skills have the highest success probabilities. From the 

posterior analysis of Table 2, it is worth mentioning that the Men’s team seems to have 

systematically higher success probabilities from the middle back zone quick attacks (MB 
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quick) than both U21 & U19 teams for the attack 1 (after the pass) or 2 (after defense). 

Conversely, attack out of system either after pass or defense has higher probabilities of success 

for the U19 team than both U21 and Men.  

Table2.Posterior means of success probabilities Pi and summary of posterior differences across age categories 

for each skill Si  

Skills (Si) Skills(sub) Men U21 U19 Posterior differences
*
 

SrvJump   2(-) 0.326 0.320 0.257 Men>>U19 
 3(!) 0.315 0.393 0.394  
 4(+) 0.254 0.228 0.287  

 5(/) 0.240 0.402 0.250  
SrvFloat   2(-) 0.336 0.332 0.391 Men<U19,U21 << U19 
 3(!) 0.286 0.301 0.386 Men,U21 << U19 
 4(+) 0.280 0.221 0.275 Men>U21 

 5(/) 0.421 0.553 0.408 U21>U19 
Continue Block AS 3 0.181 0.283 0.248 Men<<U21,  Men<U19 
 2 0.002 0.003 0.001  

Free ball AS  0.539 0.618 0.595 Men<U21 
Dig AS  0.345 0.370 0.402 Men<U19 
Passin Jump 2(/) 0.269 0.267 0.455 Men,U21<U19 

 3(-) 0.310 0.335 0.320  
 4(!) 0.524 0.499 0.602 Men<U19, U21<<U19 
 5(+) 0.579 0.543 0.589  
 6(#) 0.581 0.541 0.557  

Passin Float 2(/) 0.252 0.192 0.281  
 3(-) 0.331 0.306 0.412  
 4(!) 0.518 0.498 0.573 Men<U21, Men<<U19 

 5(+) 0.568 0.551 0.591  
 6(#) 0.563 0.541 0.606 U21<U19 
Attack 1 LS quick 

 

 

0.556 0.576 0.779 Men,U21<<<U19 
 LS high 0.473 0.537 0.680 Men<<U19 

 FRS quick 0.575 0.665 0.765 Men<U21<U19, Men<<<U19 
 FRS high 0.470 0.464 0.218 Men, U21>>U19 
 BRSquick 

quickquick

quickθquic

k 

0.616 0.557 0.455 Men >> U19 

 BRS high 0.448 0.497 0.432  
 MF quick 0.695 0.680 0.635  
 MB quick 0.705 0.563 0.407 Men>U21, Men>>U19 
 MB high 0.944 0.379 0.427 Men>>U19 

 STR TIP 0.779 0.546 0.641  
 OoS 0.351 0.336 0.545 Men, U21<U19 
Attack 2  LS quick 0.530 0.815 0.695 Men<<<U21, Men<<U19<U21 

 LS high 0.403 0.554 0.376 Men <U21, U21>U19 
 FRS quick 0.633 0.732 0.830 Men<<U19 
 FRS high 0.610 0.244 0.664 Men>>U21, U21<<<U19 

 BRS quick 0.652 0.411 0.846 U21<< Men<< U19, U21<<<U19 
 BRS high 0.430 0.383 0.140 Men>>U19, U21>U19 
 MF quick 0.736 0.712 0.697  
 MB quick 0.718 0.675 0.413 Men>>>U19, U21>>U19 

 MB high 0.448 0.487 0.296  
 STR TIP 0.590 0.466 0.450  
 OoS 0.352 0.451 0.598 Men<<U21<U19, Men<<<U19 

Direct attack  0.611 0.670 0.573  
Continue Block 

AAAAAA3 

3 0.340 0.215 0.340 Men>>U21, U21< U19 
 2 0.018 0.042 0.004 U21 > U19 
Free ball AA  0.532 0.518 0.525  

Dig AA  0.362 0.393 0.428 Men<U19 
* Inequalitiesindicate important differences between age categories: Age category A has lower success rates than age category B with 

posterior probability less than 0.01 ("A<<<B"). between 0.01 and 0.05 ("A<<B"). between 0.05 and 0.10("A<B"). 
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Figure 1. Box plots of the non-failure (a,c) and success (b,d) probabilities Pi according to the quality of Serve 

Jump & Serve Float for Men, U21 & U19. 
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Table  3. Posterior probabilities for differences of Pi between quick and high type of setting for attack of type 1 

or 2.  

Skills (Si) 

 

Sub-Skill Men U21 U19 

Attack 1   LS  0.093* 0.324 0.121 

  FRS  0.162 0.040** 0.000*** 

 BRS  0.073* 0.341 0.399 

 MB  0.488 0.246 0.443 

Attack 2  LS  0.051* 0.006*** 0.002*** 

 FRS  0.411 0.002*** 0.033** 

 BRS  0.049** 0.416 0.000*** 

 MB  0.091* 0.206 0.243 

The posterior probability Pi of quick tempo attacks to be higher than the Pi of high tempo attacks is lower than 0.01 (***), between 

0.01 and 0.05 (**) and between 0.05 and 0.10 (*). 

Table 3 presents the posterior probabilities for a difference of Pi between the quick and high 

type of setting for attack 1 or 2. In particular, attack 2 is affected more by the type of setting 

than attack 1, since in 8 out of 12 comparisons; important differences were traced (since the 

corresponding posterior distributions were away from zero). For the U19 team, the posterior 

differences were more striking than for the other age categories. For the Men’s team, large 

differences were observed between quick and high type of setting for attack from Left Side 

(LS) and Back Right Side (BRS) for both attacks 1& 2 and Middle Back (MB). 

Subsequently, the importance scores are used to estimate the impact of performance in a 

specific skill by also considering their uncertainty. Uncertainty is directly connected to the 

number of executions of each skill. The more often performed skills receive higher importance 

scores. As for the comparison of importance scores across teams or age categories, only 

ranking of importance scores should be compared. Passing skills have higher importance 

scores of all ages. For attacking and serving skills, there is not a stable scenario of ranking for 

each age. Results are summarized by focusing on importance scores and their relevance 

ranking for each level of every skill for the three age categories (see Table 4). The Spearman 

correlation indices of the importance scores for different age categories are Spearman’s rho 

Men - U21= .907 (p=.000), Men – U19= .865 (p=.000) and U21-U19= .857 (p=.000) 

suggesting very strong relationships among skill rankings across different ages. 

The posterior uncertainty of the success probabilities Pi for each skill Si can be visualized in 

the boxplots of Figure 2. Outliers have been removed for clearer visualization.  The 

corresponding box plots of skills of U21 & U19 age categories are provided in Figure 3 & 

Figure 4. 

Table 5 presents the number of skills for each age category with negative skewness higher than 

10%, 20% and 30% in terms of QMR. Since the number of skills with negative QMR 

skewness over 10% is high (22%, 10% and 15% of the total skills for U19, U21 and Men 

teams respectively), the value of 1.2 is selected as a threshold for reporting skills of potential 

interest due to unusually high negative skewness. Thus, 5% - 7% of the skill-rating 

combinations were identified as skills of potential interest due to QMR greater than1.2; see 

Table 6 for the full list of QMR. 
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Table 4. Importance scores Ii for each skill Si (skill rankings in brackets). 

Skills (Si) Skills(sub) Men  U21  U19  

SrvJump   2(-) 14.1 (14)   7.2 (23)   7.6 (21) 

 3(!)   9.3 (24)   7.7 (22)   7.0 (23) 

 4(+) 7.5 (32) 5.3 (34) 6.4 (28) 

 5(/) 3.8 (44) 3.7 (42) 4.1 (39) 

SrvFloat   2(-) 17.8 (8) 15.2 (8) 14.0 (8) 

 3(!) 11.9 (17) 9.7 (17) 10.1 (18) 

 4(+) 8.4 (27) 7.1 (24) 7.4 (22) 

 5(/) 5.1 (39) 6.8 (28) 5.3 (33) 

Continue BlockAS 3 6.3 (36) 6.1 (29) 6.4 (27) 

 2 0.6 (49) 0.4 (49) --- (49) 

Free ball AS  15.4 (12) 12.3 (13) 11.9 (13) 

Dig AS  15.8 (11) 11.7 (14) 10.7 (15) 

Passin Jump 2(/) 5.0 (40) 5.2 (35) 3.7 (40) 

 3(-) 8.5 (25) 6.1 (30) 3.5 (42) 

 4(!) 24.9 (5) 16.0 (7) 13.8 (9) 

 5(+) 27.0 (4) 20.0 (4) 14.2 (7) 

 6(#) 27.4 (2) 17.6 (5) 12.5 (11) 

Passin Float 2(/) 5.7 (37)  2.9 (44) 5.8 (29) 

 3(-) 8.4 (28) 6.0 (31) 5.4 (32) 

 4(!) 22.8 (6) 16.4 (6) 17.1 (4) 

 5(+) 27.6 (1) 21.4 (2) 20.1 (3) 

 6(#) 27.2 (3) 21.7 (1) 21.3 (2) 

Attack 1 LS quick 

 

 

17.2 (9) 14.2 (10) 22.6 (1) 

 LS high 8.5 (26) 6.9 (27) 7.0 (24) 

 FRS quick 13.9 (15) 14.4 (9) 16.6 (5) 

 FRS high 4.4 (42) 4.1 (38) 2.8 (45) 

 BRS quick 

quickquickθquick 

11.7 (18) 7.0 (25) 5.7 (30) 

 BRS high 4.0 (43) 3.8 (41) 3.3 (43) 

 MF quick 21.9 (7) 20.3 (3) 13.7 (10) 

 MB quick 12.3 (16) 5.8 (32) 2.9 (44) 

 MB high 6.4 (34) 1.0 (48) 4.9 (35) 

 STR TIP 4.8 (41) 4.0 (39) 5.0 (34) 

 OoS 6.7 (33) 4.8 (36) 4.9 (37) 

Attack 2  LS quick 11.0 (19) 12.9 (11) 10.5 (17) 

 LS high 6.3 (35) 7.0 (26) 4.5 (38) 

 FRS quick 10.5 (21) 10.1 (16) 15.2 (6) 

 FRS high 5.5 (38) 1.9 (45) 7.0 (25) 

 BRS quick 9.9 (23) 3.9 (40) 12.4 (12) 

 BRS high 3.4 (45) 3.3 (43) 1.3 (47) 

 MF quick 10.2 (22) 9.6 (18) 10.0 (19) 

 MB quick 7.5 (31) 7.9 (21) 5.5 (31) 

 MB high 2.2 (47) 1.8 (47) 2.0 (46) 

 STR TIP 3.1 (46) 4.4 (37) 3.6 (41) 

 OoS 10.9 (20) 9.4 (19) 6.8 (26) 

Direct attack  8.0 (29) 9.2 (20) 7.9 (20) 

Continue Block AA 

AAAA3 

3 7.7 (30) 5.3 (33) 4.9 (36) 

 2 1.2 (48) 1.8 (46) 0.4 (48) 

Free ball AA  15.2 (13) 11.2 (15) 10.6 (16) 

Dig AA  16.6 (10) 12.8 (12) 10.7 (14) 
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