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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 Al 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 Al 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.
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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 VVolley (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 p
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 R?=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.

154



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.1.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 ef al., 2004; Lobietti ef 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), ¢) 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 (ATTEr%), 7) Attacks stuffed by block (ATTBIlo%), 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
SCH|.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 a=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. y* =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% 16.546.8  14.0£6.3  15246.6  18.0£9.0  16.0£7.2  17.082  18.048.5  13.3%6.6  15.548.0
2. SRVPts% 4.5£3.9 4.6+4.9 4.5+4.4 3.843.7 57453 4.7+4.6 2.0£3.1 6.7£4.2 43+4.4
3. PASSErr% 6.4+6.6 6.2+5.4 6.3£6.0 9.0+7.4 57452 7.3£6.6 8.6£6.9 53455 7.0£6.4
4. PASSPr{% 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% 445+13.5 448154 44.8+144 41.0+15.6 450154 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 7.845.5 10.35.5 5.3+4.4 7.845.5
7. ATTBl0o% 10.7+5.4 9.1£5.4 9.9+5.4 11.845.4 7.4+5.1 9.6+5.7 14.946.4 6.0+4.5 10.5+7.1
8. ATTPts% 492481 542487 517487  454%9.6  51.248.4 48394 375485  56.4+9.1  47.0£13.0
9. BLK/SETP% 10.746.7 122458  11.546.4  10.0£7.4  13.1£5.6  11.5%6.8 9.3£7.0 152462  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. SRVEr% 1 961 1.041
2.SRVPts%  -007 1 985  1.015
3.PASSEn%  .133 -080 1 787 1270
4.PASSPos%  -115 -006 -122 1 649 1542
5. PASSExc%  -002 063 -300 -500 1 590 1.695
6. ATTErt% 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 & 0=0.05 is 0.1055.
Tol.: tolerance = 1-R;? , with Ri* = % variance in common with the other variables.
VIF = 1/ (1-R;%) = 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” A = 0.912, F (18, 672) =
1.763, p=0.026, partial n° = 0.045), (b) the two types of results (Wilks’s A = 0.469, F (9,
336) = 42.2, p< .001, partial n> = 53.1), and (c) their crossed combination (3x2 levels) as
reflected by the respective interaction (Wilks” A = .659, F (18, 672) = 8.7, p< .001,
partial m> = .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

Wilks' F Partial
Effect Lambda (Hypothesis df, Sig. Eta

Value Error df) 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 PASSPr{%
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%, ATTEr%, 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 n> = .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

Performance Type of set Type of Result ~ Set X Result
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. PASSEm% .850 429 23.925 .000 6917  .001
4. PASSPrf% 122 .886 1.059 304 524 593
5. PASSExc% 471 625 2720  .100  .629 534
6. ATTErr% 390 677 24958 .000 8.167  .000
7. ATTBIlo% 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%, PASSPrt% 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 Overall Ambivalent Safe  Unbalanced
Indicators D.A. Sets sets Sets
1. SRVErr% .000 .044 153 .002
2. SRVPts% .000 .881 .023 .000
3. PASSEr% .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
Overall Ambivalent Safe  Unbalanced

Type of Result D.A. Sets sets 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 3.]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
ATTBIlo% (-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
ATTEr% (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 Overall Ambivalent Safe  Unbalanced
Indicators D.A. sets sets Sets
1. SRVErr% -.229 -.437 .148 150
2. SRVPts% 295 .032 -.238 -.322
3. PASSEr% -.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 ef 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 ef 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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H Enpaocia teov Texvikov Emde§iot)tov otnv Emttoyia oe Avagopoog Tomoog Xet otnv Ietoogpaipion
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MepiAnyn

I'a mv xalbdtepn npoetolpacia T@v opdd®yV, TV emAoy1) T1G KATAMNNANG TAKTIKNG AT Kat Tig IIpo-
oappoyég g Katd T Otdpkeld ayovev [Tetoogaipiong, ot mpomovntég etval Onpavtiko va yvopifoov moteg
TeXVIKég emdeS1oTnTEG Elvatl Kplolpeg yia v emtoyia, WO1aitépa oTd OeT OOV 1) SlAPOPd MOVIMV PETASD TOV
opdad®V eivat pikpr). ZKOmoOg TG IAPODOAG EPEDVAG VAL VA EMONPAVEL TIG SLAPOPEG TIOL IIPOKDIITOLY AIIO
mV emidpact) TOV TeEXVIK®OV emOeSlOTTOV 08 OAODG OTOLG TOIIOLG TOV OET AVAPEOd Ot KEPOOPEVA Kl AIIo-
Aeobévta. Ta dedopéva kataypd@nkav amo v entdoon twv opddnv oe OAd ta oeT (N=175) tTov ayoveov
oo o) xOnkav ot Siapketa toov [avevponaikod [potabArparog Avopav Tov Zemtepppto tov 2009. Emt-
AéxOnkav 4 Seikteg ayova xat 10 Seikteg anodoorng (%) amo téooepig Texvikeg emdeSiotnteg: emibeorn), oepfis,
IIodoXT), PIIAOK Kt Iponyrdnke evOoatopikog éAeyxog aSlomotiag pe apyikl) Kt eNavaAITiky] Kataypd-
1. H avalvon) cluster mapr)yaye tpeig TOMOLG OET, e KPP0 TV TEAIKI) Sla@opd TOV HOVI®OV: ZeT pe Ola-
@OPA OTO TEAKO OKOp 2 mOVI®V (ap@ippomnd), 3-5 noviev (wooppornpéva), >5 noviev (avioa). H otatiotik)
eneCepyaoia tav dedopevav eyve pe Wilcoxon signed rank tests. Ta amotedéopata deiav 1000 yia oAd Ta
oeT TV dedopévav 600 Kat yid Ta davioa 11 onpavikovg Oeikteg armddoong, 7 yia Ta 100ppomnpéva ot Kat 1
via ta apgippona oet. H avdalvon teov apgpipponev ot £deie OTL, 01 VIKITPleg OPAdEG elXaV OTATIOTIKA O1)-
HAaVTIKOTEPO TIOCOOTO (HEC®V MOVIOV amo Vv emibeon) (p<0.001) oe obyKplon pe TIG NTTNHEVES OPAOEG, el
BePatodvovtag TV IPOIOVITIKY] IIPOTEPALOTNTA AVAIITLENG TOV EMPETIKOV IKAVOTTOV TV aOAnTtov avopt-
KOV Opdd@V 0pnAoo emrEdov.

Ag8erg xkhewdwa: Ietoopaipion, avalvon amddoons, oet, emibeorn

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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Ewaymyn

H noootikr) avalvon, 1 eKTipnon g armodoong Kat 1) OTATIOTIKY emedepyaoia yivovTatl OAo Kat o o1)-
PavTikn) dtadikaoia yid Tovg ePIAEKOPIEVODG O apKeTd omop Kat Wiattépa ota opadikd. Ewdwa oty Ileto-
opaipton, orovdaia onpaocia €xet 11 cLANOYT) dedOpEVOV AIIO TNV HAPATIP1OL KAt ASloAoynon Tov emoedlo-
TV tov abAnupatog. To abAnpa tng I[letoopaipiong mpoogepetat yia T€Tol0L eldovg avalvoeig AOy® Tov
peyaiov aplBpod tev ena@ov mov yivovial amnd tovg abAntég Katd 1) SIIPKeLd TOL AYyMOVA, £T0l MOTE Vd
eCao@alifetal enapKk®g 1] AvVAADON NG ATOUIKNG TEXVIKIG KAl TIG OPAdIKIG TAKTIKIG Aarod0ong. AeKaetieg
pv, éxet arodetyOel 0Tt To matyvidt CLYKPOTOLY Pid OELPA ATOHIK®OV EMOESIOTT@V, ITOL OXeTi(OVTal onpa-
VTIKA pe TNV anodoorn Kat ay@viotikr) emdoor) g opddag. Ot Cox (1974a,b), Nishijima kat Takahiko (1986),
eCetafovtag tig atopikeg emoeSiotnteg g [letoopaipiong mov oyxetiovtal pe v Ay@VIOTIKI) arrodoor) g
opddag, €deifav ot 1) enibeon mponyeital aSloAoyKd OA®V TV vHoloinev emdeSloT|T®V TOL IAlXVIdLo0
IOV OXeTICOVTAL He TV ay®VioTikr| anodoorn g opadag. Ot Nishijima, Ohswava xat Matsuura (1987), eSa-
VIA@VTAG AIIO OTATIOTIKIG IAEDPAS TA IAPAIIAVE® EVPHIATA KAl EPELVAOVTAG HAPAIAANAA 1) dOpI] KAl OLOYE-
TLO1] TOVG € TV AYDVIOTIKI| artodoor), eSrjynoav yiati 1 enibeon mponyeitat aSloAoyKd T@V DIONOIIOV eITt-
oeSlot)tov kat padi pe v ndoa (dyepa) yia enideor), oopPAaAlovy mePLoooTePO Ao TIG DITOAOUIEG emde-
S0 TEG TOL MAL(VIOOL OTNV AY®VIOTIKY] arodoor) g opdadas. Emopévag, eival anapaitnto amo texvikig
KAl TAKTIKIG TAEDPAG, VA YIVETAL AVAPOPA OTIG TeEXVIKEG emMdeCLOTITEG IOV enmpealovy v anodoor) (Eom &
Schutz, 1992 a,b). Ot Laios kat Kountouris (2005), oe ¢pevva To0g IO OXeTI(OTAV [IE TIG TEXVIKEG eMOeSIOTNTEG
Tov mayvidoo g [letoopaipiong oto eminedo 1@V avépmv otovg ONvpmiakovg aymveg g Abnvag, petd
UV EQPAPHOYI] TV VEDV KAVOVIOH®V ToL abArjpatog, édeile 0Tt EKTOG TV ITOCOOTMV OTIG DITONOUTEG TEXVIKEG
emdeCloTTEG, avTH) IMOL €Kave T da@opd 1Ntav 1 amotedeopatkotnta otnv emibeor. Emi mAéov, ot
Marcelino, Mesquita xat Alfonso (2008), oe pehetn tovg amo tn dwopyavworn tov Volleyball World League
2005, omov ovvékpvav v anodoon TV opdd®V OTilg TeXVIKEG emdeSOTNTEG ITOL AIOPEPOLY TTOVTO (emibe-
o1, PIIAOK Kat oepPig) oe oxeon pe TNV tedikn) Tovg Katataln, édetSav ot ) ermibeon) ftav o kalvTepog delktng
emroytag oto ownAo emtnedo g Iletoopaipiong. Ot Marcelino, Mesquita, Palao xat Sampaio (2009) ¢deiav
OTL 1] Vikn) O¢ éva oet oyetifetal pe v anodoor) oTig Texvikeg emoeSiotneg Tov abAfpatog.

H Ietoogaipion amoteleitat amno 3-5 oet avedaptnta petadd tovg. H amdvdoor oto mporyodpevo oeT dev
kaBopilel Vv amddoor) OTo enoOpPeVo, aPov ot opddeg dev PETAPEPOLY KAVEVA MAEOVEKTHA Ao TO IIPOI)-
yobvpevo. Ze kabe véo OeT, 1] HETPOL) TOL OKop exiva amo To pndév. Ze peléteg mov Exoov acxoAnbet pe v
emkpatnorn oto oet (Durkovic, Marelic & Resetar, 2009; Marelic, Resetar & Jankovic, 2004), n eriBeorn), to
oepPig xat 1 vrrodoyn) oepPig patvetat va eivat ot KPLotpotepeg emoeSlOTTeG.

Otav opmg avalvovtatl OAd Ta OeT evOg ayova 1) plag dopydavmorng, mepAapPavovial Kat ekelva ota
OIIold TO AHOTEAEOPA Kt 1] arrodoon) T@v d00 opad®V, og OTL aPopd oTr SAPOPd MOVI®V IIOD EKPLVE TNV
KkataAnén too oet, mBavov va rjtav peydln. Etot Aourov, etvat opatog o xivéovog va S1oyK@veTdt 1) onjpaocia
IOV £Y0VV 01 Kpiotjeg TexVikég emdeSlotnteg Kat va pnv AapPdvetat ooy 1 aAAnAemdpaot) IIov aoKovv ot
opdadeg 1 pla oy aiAn (Karlis & Ntzoufras, 2003). O otdxog tng mapodoag peAeTng etval va eviomioet Tig
dwagpopég emdpaong TV Pacwkav texvikov emdedlotiov (ogpPig, vmodoxr), oepPig, emibeor, prAok), oo-
YKplvovTag TV ayovioTiki) drodoor] VIKNTIP®V Kl NTIHEVEV opdadnv, Adppavoviag onoyn v TeAKn
dlapopd NOVIHV T®V opddnv oto oet. EmmAéov otoxog eivat va dtevkpivicel av ot onpaviikot Oeikteg arro-
doong napapévoov otabepot Katd T SIIPKELT TOL AYDOVA AIIO OT O OET.

Asgdopeva kat MeBodog

Ta 6edopéva mpor\dav amo 175 oet 1ov [lavevponaikod npetabinpatog Avdpmv 2009. Ta Sedopéva
KAtaypa@nkav aro opada owamotevpevev kataypagéav g CEV, pe 1o eld1ko Aoylopikd X®poXPOVIKI|G
kataypa@rg Data Project (Data Project, Salerno, Italy, Release 3.6.2). H aSiomotia tng kataypa@rg kat agto-
Aoynon tov 0edopévav eAEyYTNKE Ao aveSaptnto Kataypapeda — aStohoyntr pe T pédodo TV enavalap-
Bavopevav kataypapov oe diaotnpa piag efdopddag oe toyaio detypa 35 oet (20% ToL GLVOAOD). O BeikTng
Owatadk)g ovoyétiong Ppednke oe vynhda amodextd emineda (>0.90). AapPdavovtag vaooyn TV KAt yoptlo-
roinon tov deiktov anodoong (performance indicators) anod tovg Hughes xat Bartlet (2002), avaioOnkav
amo Teooeplg TeXVIkeG emoedotnTeg 4 deiteg ayova (match classification indicators) oe mooooto et tov ov-
VOAOL T®V KePOOPEveVY TTOVI®V avd oet: 1)Emroxnpéva pmlox oe ox€or) e Toug KepOiopEVoDG IIOVIOnG OTO
oet (BLCK points/setpoints), 2)Adfn avtmaleov (ZepPig avtimalov yapéva, Embeoeig avtimahov yapéveg,
aMa Aafn avturdAev) oe oxeon pe Tovg kepdiopévoog movtovg oto oet (OPPErr/setpoints), 3)Emttoynpéveg
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emOéoelg oe oxeon pe tov Kepdiopevoug mmoviovg oto oet (ATTpoints/setpoints), 4) Emtoyxnpéva oepPig oe
oxéor) Je Tov KepOtopévoog movtovg oto oeT (SRVpoints/setpoints) xat 10 deikteg armodoong Tex VKOV emde-
Slottev (technical indicators), oe mocootd et Tov CLVONOL TV eKTEAEOPEV®V evepyelmVv: 5) ZepPig Aooot
(SRVPts%), 6) ZepPig Xapéva (SRVErr%), 7) Ynodoxr) oeppig apiotn (PASSExc%), 8)Ymodoxr) oepPig Kahn
(PASSPos %), 9) ZovoAlo Ynodoywv ZepPig Aprotov + kakav (PASSExc% + PASSPos%), 10) Yrodoyég ZepPig
xapéveg (PASSErr%), 11) Embéoeig teAeiopeveg (ATTPts%), 12) EmOeoeig xapéveg (ATTErr%), 13) EmbOéoetg
pr\okapiopéveg amno tov avrinalo (ATTBlo%), 14) Zovolo EmbBéoev xajpévev + PIAOKAPIOPEVOV a0 TOV
avtinaho (ATTErr% + ATTBlo%). Adye tov akpaiov katavopik®v Aodotrtov ot 13 amo tig 14 petaPAntég
(K-S, p<0,05), 1 otatiotikn) avalvor) £ytve pe ToV aapapeTpiko éleyyo ovykpiong Stapeonv Tipmv (Wilcox-
on). H enefepyaoia tov 6edopévav éyve oe SPSS 15.0. H avalvor cluster eCrjyaye tpetg tormovg oet (Srago-
pd): apgippomna (2 movrot), woppomnnpéva (3-5 movror), davioa (>5 movtotr). To covolwo Setypa tov 175 oet
opdadav xmpiotnke pe v pebodo k-means (Norusis, 1993) oe Tpelg katnyopieg pe Bdorn 1) dapopd Tov Mo-
viov tov dvo opdadev ot xabe oet. Etot 55 (31.5%) fjtav oet mov eiyav teAeiwoet pe dvo moviovg dragopd
(apeippona oet), 64 (36.5%) fjtav oet mov eiyav tehewwoet pe Sapopd amod 3 €ng 5 OVIong (L00PPOIPEVA)
Kat 56 (32%) 1jtav oet mmov eiyav teAetmoet pe dlapopd peyalvtepn amo 6 moviovg (avioa). H xatnyopiomoti-
non avtryg g petaPAntg emPefaidvetl 10 LYNAO aAvVIAy®VIOTKO eminedo Tov Iavevponaikod npmtadin-
patog Avopmv, apod to 31.5 % Tav ot éAnge pe Vv eAdy1oTn) Stapopd IOVI®V MOV EMITPEIEL O KAVOVIOHOG
Too abAfjparog.

AnoteNéopata

Agikteg ayova kar deikTeg amdd001]§ 0T0 GOVOAO TOV OET.

Ot vikrjtpleg opadeg arodidovv kalvepa amod Tig NTINpéveg 0e OAODG TOLG delKTEG AY®VA EKTOG AIIO TA
AdOn avturdhoo kat og ONeg Tig TeXVIKEG emdelOTNTEG EKTOG ATIO TNV DIIOOOXT| TOL OgpPig, OIS AVTI EKPPU-
Cetat amo To MOCOOTO TOV KAA®V DITOO0Y®V KAl AIIO TO IOCOO0TO T®V APLOTOV DIIOdOY®V Sexmplotd. ZT0 00-
VOO TOV KAADV KAl APLOTO®V DIOJOX®V DIIAPXEL KAADTEPT AIIOd0O0N TOV VIKITOV AII0 Tovg nrinpévous. To
OOVONO TOV KAADV KAl APLOT®V DIIOSOX®OV EMTPEIIONY OTOV IACAOOPO TG OpAdog va avarrtdSeL T0 IPOoyE-
Swaopévo embeTiko matyviodt Tng opadag XpnoLOIoI®VIAS PeYAaNo pépog ard Tig embeTikég SLVATOTNTEG TV
HAKTOV ToL. Eival yapakinplotikd Ot 1) MOWOTNTA Trg DIIOJOXIG ElvAl TEXVIKO OTOXElO ITOL dev armo@Epet
dapeco movto oty opdada (non scoring skill), aAAda dnpovpyet mpovmobéoelg yia va emrevybel o movtog pe
mV extéleon) g emibeong.

Acixteg ayova ka1 OgikTeg amodo0rg 0Ta AVIOA O€T.

IMapopoia ewova pe to obVoAo tav efetalopévav oet mapovoldalovy Kat td oeT oo eAndav pe dtagopd
peyalvtepn amd 6 mOVTOLG KAt IAV®. Ze OAOVG Tovg deikteg aymva, ekTog amod ta Addn avtuialov, vmrpxav
onpavtikeg Stagopeg. Ot VikiTpleg opddeg KATAKTOVOAV, O OX£0I € TO OOVOAO TOV KEPOIOPEVAOV ITOVI®Y,
IIEPLOCOTEPODG TTOVTIODG AIIO TIG NTINPEVES amoO TV ektéleor) oepPig (SRVPts/setpoints, 6.5% evavtt 2.1%) xat
amo to prmhok (BLOCKpoints/setpoints, 15.2% évavtt 9.3%). Ztovg xepdiopévoog amo emibeor moviovg oe
OXé01) He TO OOVOAO T®V MOVI®Y, Ol VIKITPleG OPAdEG KATAKTOLOAV AlyOTEPOVS TTOVIODE AIIO TIG TTHHEVES
(ATTPts/setpoints, 53.2% évavtt 59.4%,p<0.05). Eixav opmg kalvtepeg emdooelg oe 0Aovg Tovg deixteg amo-
doorng mov agopovyv oty TexViky emdeiotnta g emibeong (ATTErr%, 5.3% évavu 10.5%, p<0.001,
ATTBlo%, 6.1%% évavtt 14.6%, p<0.001,ATTErr% + ATTBlo%, 11.4% évavtt 25.1%, p<0.001, ATTPts%,
56.4% évavtt 38.4%, p<0.001). Kahvtepn amodoorn oV VIKNTPLOV OPAO®V AII0 0t OXE0r| HE TG IJTTEVEG IId-
POLOLAOTNKE KAl OTOLG LIIOAOUTOVG deikTeg AIODOONG ITOL APOPOLY OTIG TEXVIKEG emdelOTrTEG TOL OEPPig
(SRVPts%, 5.7% évavtt 3.8%, p<0.001, SRVErr%, 15.9% évavtt 18%, p<0.01) xat tng vrodoxng (PASSErr%,
5.7% évavtt 8.9%, p<0.05, PASSPos% + PASSExc%, 66.9% évavtt 60.3%, p<0.05). TéAog, ot Oeikteg TV Apt-
OTOV KAl KAA®V DII000X®V Ogv IIapovoiaocayv dlagoporoinon otav eAéyxonkav Sexoplotd.

22



20
2. Apikog, k.. / Avalnoeig otn O.A. & tov ABAnTiono, 12, (2014), 17 - 25

ITivaxag 1. AvaAvorn obvOAOL TV OET KAl AVIO®V OET

Zvvolo TV oet (n=175) Avioa oet (n=56)

) Nixkytég Hrrypévor Nixkytég Hrtypévor
Performance Indicator Meéoog 6pog + Meéoog 6pog + Meoog 0pog + Meoog 0pog +
Tomxkr) ano- Tomxkr) ano- Tomxkr) amo- Tomxkr) ano-
KA01) KA101) KA01) KA101)
SRVErr% 145+.068** 174+.082 133+.066* 176+.085
SRVPts% [057+.049%** .034+.037 067+.042* .019+.031
PASSErr% [0524+.054%** .086+.069 -040£.058* 1052061
PASSPos%+PASSExc% 669+.148%* 623+.136 680+.153* 612,138
PASSExc% 456+.168 A427+.145 469+.195 A427+.143
PASSPos% 213+.132 196+.116 211125 185+.112
ATTErr% 060+.047%+ .089+.053 [053+.044 * 105+.054
ATTBlo% 0764.052%%* 124+.060 061+.047% 1462.065
ATTErr% + ATTBlo% 136+.065%** 213+.073 1144.063* 251+.074
ATTPts% 536+.091%** 443+.100 -564£.091* 384+.094
BLOCKpoints/set points 1354.061%* .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

*= oTatiotikd onpavtikn Stagopd yua p<0.05
**= otatotkd onpavtikn Swapopa yia p<0.01
= otaTloTkd onpavtiky Stagopd yua p<0.001

Agikteg ayova kai OgikTeg amd0001 G 0TA 100pPOTHUEVA OET

Zta oet oo eAnav pe Stagopd 3-5 mOVIaV, 1 arnodoot] VIKNTPLOV KAl NTTHHEVOY opddav dev Siépepe
ONPAVTIKA Og Kavéva OelkTr ay®vd. ZTATIOTIKA ONpAavTikeg otapopeg ot eminedo ovykprong p<0.001 omr)p-
xav og 0OAovg Tovg deikteg amodoong mov apopovoav oty eribeon (ATTErr%, 5.6% évavtt 8.9%, ATTBlo%,
7.4% évavtt 11.9%,ATTErr% + ATTBlo%, 13.1% évavtt 20.8% xat ATTPts%,51.2% évavtt 45.1%) kat oe Oei-
KTeg oL agopovoav otny vrodoxr) tov oepPig (PASSPos%+PASSExc%, 66.9% évavtt 60.3%, p< 0.01 xat
PASSErr%, 5.7% évavtt 8.9%, p<0.05).

Agikteg ayova kar deikTeg amddoon§ oTa auQippora oeT

21a apgippond OeT, avtd oo EAndav pe T Pikpotepn dovatr dapopd ToV dVo MOVI®Y, APKODOE OTIg
VIKIJTpleg opdadeg va armodidovv xalvtepa amo Tig nrnpéveg (53.6% évavtt 49.2%), povo oe Eva ay@VioTIKO
deixn), Tig TeAeiwpeveg embéoelg emi Tov ovvolov twv embécemv (ATTPts%, p<0.001).
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ITivakag 2. AVAADOT] 100PPOINIEVOV KAl ARPIPPOIIRDY OET

Ioopponnpéva oet (n=64) Apgippona oet (N=55)

Nixytég Hrtyuévor Nixnytég Hrtyuévor
Performance Indicator Méoog 6pog = Méoog 6pog = Méoog 6pog = Méoog 6pog =
Tomxkr) amo- Tomxkr) armo- Tomxkr) aro- Tomxkr) amo-
KALO1) KALO1) KALO1) KALO1)
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%* 1194.055 {093£.055 107+.054
ATTErr% + ATTBlo% 1314061+ 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 535100 586+.131 575+.086 597+.104

*= oTatotika onpavtikn Stagopd yua p<0.05
**= OTATIOTIKA Onpavtikn otagopda yua p<0.01
***= OTATIOTIKA ONHavTiki) otagopd yia p<0.001

Ztov mivaka 3 napoootalovtdal Ta AroTEAEOHATA TG CNPAVIIKOTTAS TOV SEIKTIOV ay®vd Kat ToV det-
KTV arrodoong avd oet ovppevda pe v egélln tov. Katda ) Sidpkela tov ay®va Kdt arro oeT oe OeT, o Oel-
KTIg ay@va Imov anodidet v texvikr) emoeSiotnta tng emibeong (ATTPts/ setpoints) ftav otabepd dragopo-
HOUHEVOG PETASD VIKNTPIOV KAl NTUHEVOV opdadwv. Ot nTtnpéveg opadeg KATAKTODOAV PEYAADTEPO ITO0O-
OTO TOV ODVOAK®V TOLG IIOVI®V Ao TV Texvikr) emdediotnta g emibeong ota 4 npwta ot 1oV ayovav. O
Oeiktng ayova oo amedide ta Aadn avrurdhev (OPPERR/setpoints) dev epgdvioe oe Kaveva OeT TOL ay®va
dlagoporoinon petadd VIKNTPLOV KAt NTTNpeveav opddav. Ot delkTeg aymva Mov agopovoav OtV TeXVIKY
emdeCiotnta tov prmhok (BLOCKpoints/setpoints) eppavicav diagopormoinon oto 1o kat oto 40 oeT TOL a-
YOV, eve o OeiKINng aymva oo agopovoe oto oepfig (SRVPts/setpoints) Stagopomou}Onke oto 1o kat oto
30. Z11g TexViKEG emtdeS1oTnTeg TOL PIIAOK Kt TOL 0gpPig, TO TOCOOTO TOV MOVIMV ITOD KATAKTODOE 1) VIKI|TPd
opdada frav peyaAdTepo dIIo TO IOCO0TO T®V MOVIMV IIOL KATAKTOVOE 1) NTTINHEVT), OTNV 101d TEXVIKI] emde-
guotta

Or Oeikteg amodoong mov agopovoav oty texviki) emdeiomrta g enibeong (ATTErr%, ATTBlo%,
ATTErr% + ATTBlo%, ATTPts%,) eppdvicav dtagopég oe OAA Ta OLT, VG Ol AVTIOTOYOl T1)G DIIOOOXT|G O1é-
@epav oto 1o kat 3o oet wg 1pog ta Aabn otnv vmodoxr) Tov cepPic (PASSErr%) xat jiovo oto 30 0eT &g IIPog
T0 OLVOAO TRV KAADV Kat dptot@v vnodoxeov (PASSPos%+PASSExc%). Aeikteg anodoong mov apopovoav
OtV TEXVIKY] eMOeSIOTNTA TOL OePPig PAVIKE VA EXOLV ONHAVTIKY] Slapopd. ZOYKEKPLEV, OG IIPOG TOV Oei-
k1) ov arédde ta Aadn (SRVErr%) oto 20 oet kat 1o deikty) mov amédide ta emtoynpéva oepPBig (SRVPts%)
0710 30 OET T@V AVAPETPIOEDV.

OMNot ot ayeviotikol Oeikteg mov eféppalav v texvikr emdeiotta g emibeong (ATTErr%,
ATTBlo%, ATTErr% + ATTBlo%, ATTPts%,) rjtav onpaviikoi oe OAn 1) S1dpKeld TOL Ay®OVA, eKTOG AIId Ta
AdOn otV enibeon (ATTErr%) oto 40 et Tov ay®vd. 210 50 GET TOL AYDVA, POVO Ol XApEVOol IOVTOL Ao TV
emiBeor), eite amo yapévn eite amo pnAoxkaplopévn enibeor), S1APEPOLY ONPAVTIKA PETASD VIKNTPI®V Kt 1T-
mpévev opdadov (11.5% evavtt 21.3%).
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ITivakag 3. Avdahvor avd oet (1° Kot 20 0eT To0 ayova)

10 oet

Performance Indicator

SRVErr%
SRVPts%
PASSErt %
PASSPos%+PASSExc %
PASSExc%
PASSPos %
ATTErr%
ATTBlo%
ATTErr% + ATTBlo%
ATTPts%
BLOCKpoints/set points
OPPERR/set points
SRVPts/set points
ATTPts/set points

*= oTaToTKA onpavtikr dagopa yia p<0.05

20 get
(N=46) (N=46)
Nixiré HTTU}{&VOi '1\711(11"[85 Hrrn;fevot
. . Méoog 6pog * Méoog 0pog * Méoog 0pog *
Méoog opog £ ) . . . , .
O Tomxr) amoxkAt-  Tomkn anoxAt-  Tomkr armo-
Tomwkr) amoxAon
on on KA0T|
.146+.063 .164+.080 .153+.064* .192+088
.046%.040 .028+.035 .053+.046 .041+.042
.044+.059* .075+.056 .066+.058 .082+.063
.690+.150 .656+.129 .663+125 .631£127
.469+.179 462+.138 .449+168 4294134
.222+.136 .194+.103 .214+145 .202+.116
.054+.051%* .096+.045 .066+.048* .089+.052
.070+.051*+* J116+.061 .085+.058** 114+.049
124+.066*** .212+.079 .151+.060** .204+.071
.539+.070** 445+.101 .548+.095*** 449+.104
.130+.063* .093+.065 .122+.052 .104+.079
.267+.086 .265+.108 .284+.083 .279+.097
.044+.039* .030+.037 .051+.045 .042+.042
.558+101*** .612+.119 .543+.090** .576+.108

**= otatotkd onpavtikn dagpopa yia p<0.01
***= OTATIOTIKA ONHavTiki otagopd yia p<0.001
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ITivakag 4. Avalvor avd oet (39, 4° & 50 oeT oL aymva)

30 get 4o ot 50 oet
(N=46) (N=28) (N=9)
Nixytég  Hrypévor Nikytég Hriypuévor  Nixytrég Hrtyuévor
Performance Indicator Méoog Méoog 6- Méoog 6- Méoog 6- Méoog M¢éoog
0pog = pog + To- pog + To- pog = To- 0pog = 0pog =
Tomxkr) KT AIO-  ITKI) aIlo- KT amo- Tomkr) Tomxn
ATIOKALOY) KALO1) KALO1) KALOT) AIIOKALON  OIIOKALOY)
SRVErr% .151+.073 176+.074 .138+.066 168+.072  .099+.096  .139+.114
SRVPts% '072*1050 .035+.028 .058+.055 .036+.046  .051+.071  .25+.037
PASSErr % ’052&;038 111+.076 .053+.061 .081+.077  .030+.046  .056+.080
.652+.152
PASSPos%+PASSExc % . .594+.130 .647+.174 .594+.151 738133 .653+.179
PASSExc% 441+.144 .399+.149 453+.191 400+£.161 517164 466%.148
PASSPos% 212+.127 195+.121 195+.120 1944137 221+£128  .188+.102
ATTErr% '061f'046 .092+.059 .067+.044 .085+.056  .037+.039  .058+.052
ATTBlo% O77E043 - qogroer OOEDB gapio71 078£002  155+.051
ATTErt% + ATTBlo% 1205063 pogrozy 1392064 H1gi068  115£.007%  213+.057
ATTPts% '512f;093 A427+.094 '542,:;1 04 438+.102  .565+.112  .494+.092
BLOCKpoints/set 136061 106:061  PPOE060 gesi0s6  175:.003  114+.129
points
OPPERR/set points .259+.085 .287+.099 .258+.083 .283+.103  .179+.093  .195+.147
SRVPts/set points '072f;049 .036+.029 .057+.055 .036+.046  .050+.071  .026+.039
. .535+.094
ATTPts/setpoints n .571+.123 536+.089*  596+.144  .596+£.099  .665+.172

*= otatiotikd onpavtikn Stagopd yua p<0.05
**= otatotkd onpavtikn Stapopa yra p<0.01
= otaTloTkd onpavtiky Swagopd yua p<0.001

Zogrmon

‘OAeg ot teyVviKég emOedlotnTeg IOV AodidOVV dpecd KATAKINGI 1) AIMAELT IIOVTOL eiyav OTATIOTIKA
ONPAVTIKI] S1a(opd yid Tig Opdadeg IOV KATAKTODOAV TO OET 08 OXE0T e avTEG oL 1o éxavayv. O appog tov
ONPAvVTIK®V Oelkt®Vv arrodoong yia v emtoyia otnyv Iletoogaipion vywnAood enurédov peimveTal 000 pelm-
vetat 1) Stagopd TV NOVIeV Petadd tov dvo Staymvi{opévey opadmy. Xta OeT oL 1] d1apopd TV OpddmV
frav peyalvtepn) amod 5 movtovg, Aot ot deikteg aymvd, eKTog amod ta AdOn aviurdAov Kat 0Aeg ot TexVikég
emoOelOTNTEG ONMG eEKPPAlOVTAl arrd Tovg Oeikteg amodoong, eKTOG amo TV vrodoxr| Tov ogpPig, nrav dwa-
(POPOIIOU1EVOL PETASD TOV VIKITP®V KAl TOV NTINHEVEOV opddmv. Zta oet oo eAndav pe dtagopd 3-5 mo-
Vtoog, Kavévag deiktng aymva dev eppAavios OTATIOTIKA ONPAVTIKI] d1apOopd avApesd Og VIKITEG KAt NTTpE-
voug. Ao tovg deikteg ay®VIOoTIKIG arodoong onpavtikoi ftav oAot ot ekeivol mov eSéppalav TV TexVikn
emoe§lotnTa g enibeong. Emiong, onpavtikoi frav kat ot Seikteg otnv texviky) emdeSiotnta g vrrodoxrg
Tov 0epPig KAl @G IIPOG TO IT0CO0TO TV AdbV Iov Kavet pia opdda, alAd Kat G IPOg TO II0C00TO TRV DIIO-
doxav mmov Sivoov T duVATOTHTA OTOV HACAOOPO TIG OPAdAG VA OPYAVMOEL AIIPOOKOITTA TO emOeTIKO TNg
navidl. Zta ap@ippona oet, povo o deiktng anodoong mov eGéppale 1o Mooootod TV embéoemv mov mapd-
X®POoLOE dHeOO TOVTO 0TIV OPAOA IIOL TIG eKONA®VE 1)TAV APKETO yid Va OnAaoet tr) Stagoporioinorn petagd
VIKNTPIOV KAl NTIPEVEOV Opdd®V. ADTo onpaivel 0T, 000 IO ap@ipPoIo g IPOg TV KATAANSH Tov elvat
éva O€T, TOOO ONPAVTIKOTEPT) elval 1) Texvikn) emdeSiotnta g enibeong pag opddag. 1o 1010 oopIEépaopd
katéAnSav noAlot epevvntég (Marcelino & Mesquita, 2006a; Marelic et al., 2004; Laios & Kountouris, 2005;
Zetou et al., 2007;) e€etaovtag To OOVOAO T®V O€T, KATAOEIKVOOVTAG OTt 1 emibeor) elvat 1) Mo ONPAVTIKY Te-
xvikr) emdeSiotnta oto PoAet avOpmv vynAoo emmédov. Télog, i) amoyn) avtr) emPePAt®VETAL KAt yid T OET
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Ta omotia Afjyoov pe 1) PkpOTeP) O1a@opd IOVI®VY IOV EMITPEIIEL O KAVOVIOHOG Tov abAnjpatog.

H teyvikr) emdeSlotnta tov ogpPig @Aavike OTL HTAV ONUAVTIKY] IOVO OTA OLT IIOL Afjyouv e dtagopd
peyaAvtepn amo 5 moviovg. Xy mapovoa épevva dev emPePfatmverat 1 nmpooeyyion tov Marcelino et al.
(2006), yia ) onpaocia g TeXVIKIG emdedlotnTag tov oepPig oty emKpatnon piag opdadag oe ayova Ieto-
oQaiplong, agov POVOo OV KATYOPid TOV AVIO®V OLT DINPXE ONHAVTIKI Slapopd HeTadd VIKNTPI®V Kt
NTUPEVOV ORAd®V. X1 KATYOPld TOV AVIo®V OET, Ol VIKI|TPLEG OPAOEg elXaV PEYAADTEPO ITOOOOTO CIHECDV
MOVI®V (A00MV) aIo eKTENeor) oepPig O Oxeon e TIg VIKITPleg opadeg otig aAeg 00O Katnyopieg oeT, dedo-
pévoo 0Tt 1] taopd Imov vIIPYE HETASD TV Ovo opddav €dve Tr) dvvatdtnta otV opadd mov mponyeitat
Va «IIECE» TIEPLOCOTEPO TOV AVTIIIANO e TV eKTéAeon) Tov ogpPig g mpooradmvtag yid évay apeco, eDKo-
Ao Kat SeKOLPAOTO TOVTO.

Zv texvikr) emdediotnta g vrrodoynig Tov ogpPig vrrpse drapoponoinon HeTASH VIKNTOV KAt NIt pé-
V@OV POVO Otav aotr) e§eTA0TNKE €Ml TOL OLVOAOL TOV KAADV KAl T®V APLOT®V DIIOOOXOV ToL oepPig Kat oxt
Katd v eétaon kabe piag amo tig 6vo katnyopieg aStohoynong xoplotd. Oa prnopovoe 1 kKAipaka adlolo-
yNnong g vIIodoxXI|g Kat Tov ogpPig mov eivat avtiotpoeg va peiwbel xatda éva emnedo (Coleman, 1971).
Xperaletal Opmg mepattepe dlepebvIoN ®OTE VA eCeTAOTEL KAl 1) OXE0N T®V KAADV KAl APLOTOV DIIOO0XMV He
TV AnoteAeopatikotnta otV emibeorn petda amod vrodoyr) tov oepPis. Ta Aabn oty vodoyr) eivat onpavtt-
KOTepA amod Ti§ APloteg DLITOO0XEG. LUPIIEPACHATIKA, IPOTEPALOTTA T®V OPAOMV IIPEMEL VA AIIOTENEOEL 1] -
ooy tov Adfovg otnv vrodoxr Tov oepPic. Ze mapopolo copnEpacua eiyav odnyndet o Lobietti, et al.
(2006), eCetalovtag dedopeva tov [tahikod npetabifpartog [Netoopaipiong avdpav.

210V OlaX®PLopo mov ekavav otig abAntikég oovavtroelg ot Reed xat Edwards (1992), ) Iletoogaiption
katatdaydnke ota mayvidwa eué kat toixoo (Net & Wall games). Ze aotr) v Katnyopid T@v abAntikev oo-
vavtoemv oty omota avikoov 1 Avtwogaipion (Tennis), 1 Towyoopaipion (Squash) xat n Avturtépion
(Babington), ot deikteg aymva (match classification indicators), obpgava pe toog Hughes xat Bartlet (2002),
£XOLV OLHIANPOPATIKO POAO 0TV eIYNOL TOV AYOVIOTIKOV OeDOHEVDV PG AVAPETPNOL)G, APOL TOV Kupi-
apxo POAO ToV KAtéyoLv ot deikteg amodoong TV texvikev emoedlottov. Eival yapaktnpiotiko ot ot nt-
mpéveg opddeg ot POr| TOL AYOVA KATAKTOOV TO PeYAADTEPO TIOCOOTO T®V HOVIMV TOLG arld TV emibeon) oe
OX&01) H€ TIG OpAdEG IOV EMKPATOVY, EXOVTASG OUMG PIKPOTEPO TT0000TO emtvyiag oty emibeor). H pn vmapln
ONPAVTIIK®OV JlaQop®V PETASH VIKNTPI®V KAl NTIHEVOV OpAdmV Ot KATnyopid Tov SelKI®v ay®va otd
aviod Kdat ota ap@ippona oet emPePatmvel autr) TV IPOCEYYLOL).

Eivan ovvneg otnv Ietoogaipiorn, 0Tt 0 KAtd MePIOTAO!) VIKITHG EVOG THIHATOS TOL AyQDVd, ILY. O VIKI)-
TG £VOG O€T, VA PNV eivat o TeAKOg VIKN TG TG avapétpnong. Patvetatl Opmg 0Tt 1) onpaocia mov éxet 1) texvi-
k1) emdeStotnta g enibeong eivat aveSaptntn amod 1o Pabpo eSeAeng g avapetpnong. Ot vywnlod enurédov
opdadeg avopmv Oa mpémetl va KaAAlepyoOuV PEC® TG IPOIOVITIKIG Stadikaotiag T SuVATOTTd, TIG QOIKEG
OLVApELG KAl TV TEXVIKI), MOTE VA £XOLV VA €XOLV DYNAL Artodoor) oty TeX ViKY emdeSrotnta g emibeong
oe OAn) 1) Owdpkelwa evog ayova. IapdAnAa, ot mponovntég @V opdadav Oa mpénet va £xovv avamtvdet e-
VAAMAKTIKEG ADOELG OTNV TAKTIKY TG emifeong, @ote va elval ETOOL VA AVTIHETOIIIOODV TOXOV advvapieg
oo Ba avadeyBobdyv katd ) ddpkela pag avapetpnons. I'a tig dheg texvikeg emdedlotnteg mov eppavi-
CouV MEPLOOIKI] ONPAVTIKOTITA arId OLT O 0T Xpeldletat nepattép® Otepevvnor). [a tig texvikeég emoeSioty)-
Teg TOL PITAOK Kal Tov oepPig, 1) onpaocia mov éxovv oto 1o oeT piag avaperprnong enPefaimvel To AviioTol o
ovpmépaopa tov Marcelino, et al. (2009) xat Palao, et al. (2004), eve dev vridpyovv avtioTolyda eDPHpaTa yid
T Onpaocia Tov PIAOK OTo 40 O€T, OIOL GLAPOPOIIOIODVTAL CIHAVIIKA OXl IOVO TO II0CO0TO TOV HIAOKAP1-
OHEVQV eMOE0E®V AANA KAt O ITOVTOL arld HIAOK ITOD KATEKTOAV Ol OPAOES.

Inpaocia yia tov Ayoviotiko AGAntiopo

Zmv Iletoogaipion 1 vikn oe éva oet oxetifetal pe v amodoorn oTig TexVikég emoegloTnTEG TOL d-
OArjpatog. Eetalovtag OAa ta oeT evog ay®va, aKOPA Kt auTd OTd OIIold DIIAPXEL €DKOAI EMKPATHOL)
plag opddag, SOYK®VETAL 1] ONPACid TOV KPIoWH®V TexViKeV emodedlotitov. Ot mponovntég opdadmv v-
YnAoo emurgdov mpérnet va AdpPAavooy vIoyrn Tovg Tr) ONHAoid ToV TexVikev emdeSlot)tov g Ieto-
opaipong oe oxéorn pe o Padpo GLOKOALAG IIPOKELPIEVOD Y TV AY®VIOTIKY] ENKPATNON Ot éva oet. H
avdalvorn tov 0edopévmv eival ONPAavTIKI) yid TV dSloAOyN ol TOV IPOTEPNHIATOV KAl advvapimy piag
opdadag. Ot dramotmoelg avteg 0dnyovy OV €KIOVIOL €VOG OTOYEDOHREVOD IIPOIIOVNTIKOD OXedIAOpR0D
rov Ba avadeilet Tig dvvartotnteg kat Oa Pedtimoet Tig advvapieg.
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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 2.43m
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, & Urefia, 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-

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

found to follow the normal distribution with the Kol-
mogorov-Smirnov test, was tested with the indepen-
dent samples ¢ 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 (t,,,=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; £ ,,=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

1044

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-

Receptions

Excellent

75% A

65% A

55% -

45%

Sydney Athens Beijing London

Aggregate

Fault
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5% -

3%

2000 2004 2008 2012
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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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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.

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.
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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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TABLE 1
Descriptive Statistics (Averaged Over Four Olympics) For 10 Outcome Measures
(Percentages) For Men and Women With Comparisons by Sex

Outcome Men Women ¢ p Effect size

M SD M SD 6 (Cohen's d)
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 53 15 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 14 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 59 63.6 8.1 -1.08 32 -0.76
Faulty digs 33.4 8.8 27.5 6.2 1.10 31 0.78

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 19cm 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 25m /s, so that the ball reaches the
opponents’ backline in less than 0.8s, 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 11cm 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 9.8m/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 2.24m, 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 (Hayrinen, Mikko-
la, Honkanen, Lahtinen, Paananen, & Blomqvist, 2011).

Comprehensive Psychology

2015, Volume 4, Article 9

34



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

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 2m.

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

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).

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

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

Sx=+/16>+7% =17.5 m.

This distance fits well into the above assumptions
since:

Eq.1

V=2 175 o5 m/s
t 07
The horizontal distance of 17.5m, 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 (=9.84m).

Eq. 2

3.30m

7.66m 9.64m
17.50 m

Fig. 7. The parabolic trajectory of the ball (dashed line) from

the hit point, over the net, and to the touchdown.

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:

Sy = VOyt+%gt2 Eq 3

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

Sy - 1 gt2
Voy = tz Eq. 4
Substituting with the known values we get:
Vy, =1.28m/s Eq.5

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

£=7.6/25=0.3065s Eq. 6

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

5=0.85m. Eq.7

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

H=3.30-0.85=2.45m. 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 (2.54m) by 9cm. 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
(2.35m) by 10cm. Trying to satisfy the first constraint of
the ball passing over the net, according to Equation 4:

Vy, =0.98m/s 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 ¢
the quadratic equation in equation 10 and get the posi-
tive value for ¢

%gtz‘f‘VOyt—Sy:O. Eq 10
The solution gives:
t=0.727s Eq. 11

But we already know that at +=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=0.67 m. Eq. 12
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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 nhumber 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

*Corresponding author: e-mail: pankount@phed.uoa.gr
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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.1.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.1.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 nhumber
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.

3-1 m3-2

23.7% e

u 3-

0
100% -
BT 21.1%

75% A

50%

25%

0%

Sydney 2000 Athens 2004 Beijing 2008 London 2012

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.

3- 3-1 m3-2

13.2%
El P

100% -

75% A

50%

25%

0%

Sydney 2000 Athens 2004 Beijing 2008 London 2012

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 (x 7.9)
minutes; 3-1 games have increased from around 89 (+ 5.4) minutes by an additional 17
minutes totaling to 106 (x 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.
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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.
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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.
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Figure 7. Mean differences between two consecutive serves (in seconds) for men
across the four Olympics.
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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.l.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). A 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.1.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 O 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 15t level being a passing error
and the 6" level to be a pass performed in an optimal way. In Table 1 the performance

429

47




OF PHYSICAL Drikos, S.

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 brief description
(Level Symbol)

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.

20N 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 k 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 k 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 0.83
between experts (S-CVI/UA)

Table 3 shows the Adjusted Cohen’s k 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.

431




| |. “ .H TIVITY Drikos, S.

Table 3. Agreement between raters for the validity of observation criteria.
K1-K2 K1-K3 K1-K4 K2-K3 K2-K4 K3-K4

Adjusted 0.9006 0.8465 0.8310 0.8800 0.8523 0.8452
Cohen’s k

The interobserver reliability in evaluation and recording of data was well established
because of acceptable Adjusted Cohen’s k 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 (xsd) of conditional probabilities and summary of posterior
differences across age categories for each no terminal level of pass evaluation scale.

Skills
(sub)

Skills (S1)

Men

u21

ui19

Posterior
differences”

Pass in 2())
Jump Spin
3()
4(")
5(+)

6(#)

Pass in 2())
Jump Float

3()
4()
5(+)

6(#)

0.274 (0.058)

0.308 (+0.038)

0.548 (+0.022)

0.593 (+0.022)

0.589 (20.0212)

0.256 (+0.046)

0.325 (+0.039)

0.539 (+0.024)

0.581 (+0.022)

0.569 (+0.022)

0.266 (+0.053)

0.337 (+0.055)

0.515 (+0.033)

0.548 (+0.029)

0.545 (+0.032)

0.188 (+0.069)

0.304 (+0.052)

0.513 (0.031)

0.563 (+0.027)

0.558 (+0.026)

0.454 (0.124)

0.307 (+0.090)

0.631 (+0.045)

0.605 (+0.045)

0.565 (+0.048)

0.281 (+0.049)

0.412 (+0.079)

0.603 (+0.035)

0.616 (+0.031)

0.629 (+0.030)

Men, U21<U19

Men<U19,
U21<<U19

Men<U19,
U21<<U19

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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Probability of success after pass
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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 3" level pass. Also, the pass level 6 on the net or too close to the
net does not present higher probability compared to 5" 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 5" and 6" 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 5" and
6" level should be examined.

The large discrepancy of success probability from 1st, 2" and 3 in relation to 4, 5t,
6" 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 U2l 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, &
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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 K Cohen was Adjusted K= .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/ Scoring Skills Non-scoring skills
Level Serve Attack 1,2 Block Pass
6 Ace Win-kill Win-kill Excellent pass. All
(point) (point) (point) options for attack
without adjustments
for the setter
5 Over The ball to the The ball to the Good Pass.

The ball to the
serving team

attacking team with  blocking team with All options for
good conditions or good conditions or attack
to the defending to the attacking
team with bad team with bad
conditions conditions

4 One option for The ball to the The ball to the Two options for
attack for the attacking or blocking or attacking attack from the
receiving team defending team with medium sidelines
team with medium conditions
conditions
3 Two options for The ball to the The ball to the One option for

attack for the
receiving team

attacking team with  blocking team with  attack or attack out
bad conditions orto  bad conditions or to of the system
the defending team  the attacking team

with good with good conditions
conditions
2 All options for the Stuffed by a Kill Error on the net Overpass
attack on the block (Incorrect touch of The ball was
receiving team (lost point) the net, lost point) passed directly to
the serving team
court.
1 Error Error Error Error
(lost point) (lost point) (lost point) (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 All teams Group 1-4 Group 5-8 Group 9-12
Indicator (n=143) (n=48) (n=48) (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 n2 =.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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Serve Serve Serve Pass Over Pass Attack Attack Attack Attack Attack Attack Block Block

Error Ace over Error pass precise 1 error 1 block 1kill 2 error 2 block 2 kill kil 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 2win %  .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 1-4vs G5-8 G 1-4vs G9-12 G 5-8vs G9-12 Cl 95%
Serve Error % .003 (.753) -.007 to .014
I;(E,;gg):l.SZ -.004 (.615) -.015 t0 .007
n= 021 -.008 (.224) -019 to .003
Serve Ace % .005 (.127) -.001 to0 .010
';(f'égg)zll'” 011 (.000) 005 to .017
n= 141 .006 (.026) 001 to .012
Serve Over% .000 (.987) -.006 to .007
';(f'égg)z'ﬁ“ 003 (577) -004 10.010
n?= 009 002 (.674) -004 to .009
Pass Error % -.003 (.377) -.009 to .002
f;(zz,égg)=14.gs -012 (.000) -018 to -.006
n?= 176 -.009 (.001) -015 to .-003
Overpass % -.001 (.938) -.011 to .008
%5,%38):.92 -.005 (.423) -015 to .004
n’= 013 -.004 (.632) -014 to .006
Pass precise % .017 (.295) -.010 to .045
%5,333):6_25 039 (.003) 012 to .067
n= 082 022 (.148) -.006 to .049
Attack 1 error % -.009 (.001) -.014 to -.003
r;(f,égg)zzo.sl -014 (.000) -.020 t0 -.009
n= 225 ~.055 (.052) ~011 to .000
Attack 1 block % -.017 (.000) -.023t0 -.012
';(f'égg)zss'oo -024 (.000) -030 10 -.018
n?= 440 -007 (.018) -013 to -.001
Attack 1 win % 1037 (.000) 02310 .051
';(:Z’égg)zn'zg 1067 (.000) 053 to .081
n’= 505 .030 (.000) .016 t0 .044
Attack 2 error % -.009 (.020) -.016 to -.001
Frfzz’égf)ﬂ'% -011 (.002) -019 to .004
n’= 095 -.002 (.795) -010 to .005
Attack 2 block % ~016 (.000) 02310 010
2(3'338):27'55 -.019 (.000) -.026 t0 -.013
n= 282 -.002 (.718) -010 to .004
Attack 2 win % 1031 (.000) 1016 t0 .046
2(3,(1)38):42.36 057 (.000) 041 t0.073
n= 377 .026 (.000) 011 to .041
Block Kill % ~0001 (L.0) ~030 to .029
Fp(z,glg(?)):.oos -0008 (.998) -031 t0 .029
n?= 000 -.0007 (.999) -030 to .029
Block error % .009 (.874) -.033t0 .051
i -009 (.862) -052 t0 .033
n?=.251 -.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, n2=.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, n2=.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 Group Group p-value Correlations
Indicator 1-2 3-4 between variables
(n=24) (n=24) 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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A benchmark is a reference point for comparisons established Received 29 April 2018
from the value of a performance indicator. In order to create Accepted 22 June 2018
benchmarks for volleyball, we used performance data from each KEYWORDS

team of the Greek Volley League from the season 2005-2006 until Performance indicators;
the season 2016-2017 (N = 143). We considered the effectiveness reference values; skills;
of 14 parameters from five skills: serve, attack after passing, attack match analysis; outcome
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.

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.

CONTACT Sotirios Drikos @ sodrikos@phed.uoa.gr @ School of Physical Education & Sport Science, National
Kapodistrian University of Athens, 41, Ethnikis Antistasis avenue, Athens, 17237, Greece
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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 Al
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 K Cohen was Adjusted K = .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) A38** —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 245 + 35 259 + .4 3.02 £ .50
PER 9.19 + 147 8.56 + 1.61 733 £1.55
A1ER 354 + 48 282 + .26 250 + 34
A2ER 273 = 45 222 + .28 2.04 + .25
BER 2.61 + .25 235+ .26 2.15 + .36
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A1ER (win/lost)

A2ER (winlost) _ BER (block/set)

PER (precizelost) SER (win/lost)

‘ B Teams 1-4 B Teams 5-8 B Teams 9-12 ’

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

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 = —55.9 + 34.5 SER + 0.9 PER + 13.1 A1ER + 7.6 A2ER + 4.8 BER

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

Table 3. Correlation indices, collinearity diagnostics and significance of coefficients among perfor-
mance indicators (N = 143).

Skill SER PER ATER 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 a = 0.05 is 0.1055.
Tol.: tolerance = 1 — R?, with R? = % variance in common with the other variables.
VIF = 1/(1 — R?) = variance inflation factor.
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A statistically significant Box’s M 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 #* = .383). A series of F tests were carried out on each
significant main effect of MANOV A 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, Xz = 163.11, p = .000, n* = .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 coeflicients 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 G1-4vs G5-8 G 1-4vs G9-12 G 5-8vs G9-12 Cl 90%
SER .019 (.133) From —.01 to .04
F(2, 140) = 19.87, .077 (.000) From .05 to .10
p =.000 n* = .221 .058 (.000) From .03 to .08
PER .629 (.049) From .00 to 1.25
F(2,140) = 17.71, 1.863 (.000) From 1.23 to 2.49
p =.000 n’ =.202 1.233 (.000) From .60 to 1.86
A1ER .721 (.000) From .57 to .87
F(2,140) = 97.91, 1.040 (.000) From .89 to 1.19
p =.000 n* = .583 319 (.000) From .17 to .47
A2ER .504 (.000) From .37 to .64
F(2,140) = 52.11, .688 (.000) From .55 to .83
p =.000 n = .427 .183 (.010) From .04 to .32
BER .263 (.000) From .14 to .38
F(2,140) = 28.85, 461 (.000) From .34 to .58
p =.000 n” = .299 .198 (.001) From .08 to .32
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Table 5. Standardised function coefficients, correlation coefficients between performance indicators
and the discriminant function and Fisher’s linear discriminant functions.

Correlations

between

Classifications function coefficients

. i Group
variables and dis-
Standardised criminant 1-4 5-8 9-12

Skill function coefficients function

SER 187 352 80.59 83.19 68.85
PER .250 345 3.61 3.56 3.02
A1ER .593 .855 1231 8.12 7.19
A2ER 352 621 14.82 12.35 11.46
BER 258 A73 20.17 18.43 17.24
Constant -102.76 —79.64 —63.06

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
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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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The aim of this study is to identify volleyball performance indi- Received 28 July 2018
cators that best discriminate between winning and losing teams Accepted 24 September 2018
in a set according to the level of competitiveness. The data have KEYWORDS

been collected from teams’ performances (N = .438) in all sets Game analysis; set

played between top four teams in the final ranking of women's characteristics; performance

Greek volleyball league for five periods. Clusters analysis estab- indicators; multivariate
lished three different groups of sets according to set final score analysis
difference: two to three points (balanced), four to seven points
(semi-balanced) and more than seven points (unbalanced). A

3 x 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.

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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Table 1. Evaluation ordinal scale for volleyball skills.

Skill/
Level Serve Attack 1,2 Block Pass
6 Ace Win-kill Win-kill Excellent pass. All options for
(point) (point) (point) attack without
adjustments for the setter
5 Over The ball to the attacking  The ball to the blocking Good Pass.
The ball to the serving team with good team with good All options for attack
team conditions or to the conditions or to the
defending team with attacking team with
bad conditions bad conditions
4 One option for attack The ball to the attacking  The ball to the blocking Two options for attack from
for the receiving or defending or attacking the sidelines
team team with medium team with medium
conditions conditions
3 Two options for attack The ball to the attacking  The ball to the blocking One option for attack or
for the receiving team with bad team with bad attack out of the system
team conditions or to the conditions or to the
defending team with attacking team with
good conditions good conditions
2 All options for the Stuffed by a Kill block Error on the net Overpass
attack on the (lost point) (Incorrect touch of the  The ball was passed directly
receiving team net, lost point) to the serving team court.
1 Error Error Error Error
(lost point) (lost point) (lost point) (lost point)

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 K Cohen was
calculated. As the acceptable value of Adjusted K 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
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among the Adjusted K 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 (Alerr%), (7) Attacks 1 blocked (Alblk%), (8) Attack 1
win (Alwin%), (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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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+109 27.1£10.0 27.8+10.4 29.9+10.5 252+9.0 27.6+10.0 31.3£12.6 26.5+£10.7 29.0£12.0
Serr% 1174271 121+6.3  11.9+6.7 124475 10.3+58 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 78459 10.4+6.6 9.1£6.4 54457 10.1+6.5 7.8£6.5
Perr% 10.4+7.2 9.746.6 10.0+69 11.6x7.4 8.9+6.7 103+7.2 11.247.1 6.4+6.8 8.8+7.3

Pprc% 423+104 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
Alerr% 8.2+6.5 71456  7.6%6.1 8.8+70 6.7+6.3 77468 12.3%9.2 5.146.94 8.7+8.9
A1BIk% 7.2+6.2  8.2+75 7769  9.248.1 7.0+6.8  8.1+7.6 11.5%8.1 3.6£59  7.6%8.1
Alwin% 36.3+x11.7 424+125 393+124 345+10.8 49.1+13.5 41.8+£14.2 29.2+11.5 48.2+145 38.7£16.2
A2err% 94+69  8.2+6.8 8.8+6.9 11.0+£10.1 8.2+6.1 9.6+85 10.8+10.9 6.7+6.4  8.8+9.1
A2BIk% 94490  8.8+6.3 9.1£7.7  7.8%75 7369  75+7.2  9.9%8.1 43+46  7.1+7.2
A2win% 321+13.7 37.7£11.6 34.9+129 30.2+125 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£14 1.4+1.2 1.5+13 1.6+1.4 1.9£1.1 1.7£1.4
N 73 73 146 82 82 164 64 64 128

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 Alwin to .914 for Bset) and variance inflation
factors values were small (from 1.094 for Bset to 1.974 for Alwin). 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 q2 =.034), but differentiated
significantly: (a) across the two types of result (Pillai’s trace = 0.526, F (12,
421) = 38.962, p = .000, partial r]2 = .526) and (b) their crossed combination (type of

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
1.0PPErr% 1 700 1.429
2.Serr% .065 1 825 1.212
3.5win% -121  -.149 1 770 1.299
4.Perr% 129 .023 -.039 1 737 1357
5.Pprc% -259 -0.83 056 -.306 1 813 1.229
6.Alerr% .033 075 005 .067 -.024 1 .800 1.250
7.A1Blk% 099 -.039 -.057 -.027 .056 -.073 1 757 1.320
8.Alwin% -.258 -.004 .047 .021 171 =276 -.248 1 506 1.974
9.A2err% .060 092 M 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-R?, with R? = % variance in common with the other variables.
VIF = 1/(1-R) = variance inflation factor.
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Table 4. Multivariate tests of statistical significance.

F
Effect Pillai's Trace (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 x Result 0.304 6.312 (24, 844) .000 152

result x type of set) (Pillai’s trace = 0.304, F (24, 844) = 6.312, p = .000, partial
n® = .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, Alwin and A2win to be highly significant (p = .000),
variables Swin, Perr, Alerr 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
A1BIk (p = .072), A2Blk (p = .659) and Bset (p = .175). On the contrary, for balanced
sets only Alwin (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 5. Univariate tests of significance.

Type of Result Set X Result
Performance Indicators F Sig. F Sig.
OPPEr% 12918 .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
Alerr% 27.137 .000 7.427 .001
A1Blk% 19.132 .000 13.334 .000
Alwin% 123.033 .000 9.798 .000
A2err% 12.136 .001 1.052 .350
A2BIk% 10.443 .001 5.403 .005
A2win% 85.049 .000 7.962 .000
Bset% 0.259 611 1.854 .158
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Table 6. Eigenvalue, test of the significance and classification table for the discriminant function.

Balanced

Type of Result Overall D.A. 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.

Balanced
Performance Indicators Overall D.A. Sets Semi-balanced Sets Unbalanced Sets
OPPErr% .000 —.194 403 —.150 .002 =221 .021 -.123
Serr% 000 -.798 685 073 .048 —.144 .000 =251
Swin% .000 232 .550 .107 .008 192 .000 231
Perr% 000 -2713 554 -106 014 -.178 .000 -.207
Pprc% .000 201 295 187 .005 206 017 128
Alerr% 000 -267 263 -.200 .046 —.145 .000 —-.265
A1BIk% .000 =212 .604 152 .072 —.130 .000 —.334
Alwin% .000 577 .003 540 .000 555 .000 434
A2err% .001 —.184 265 —.200 .038 —.150 .010 -.138
A2BIk% 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

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 Alwin (.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
Alwin (.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 (Alwin = .434 and A2win = .398), the variable Alblk 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 Alwin % 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.
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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.

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).
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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.

Opverall, 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

89



INTERNATIONAL JOURNAL OF PERFORMANCE ANALYSIS IN SPORT . 959

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 VVolleyball 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.
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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.
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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 K 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 S;.

Main Skills Level
. code
(# rows in transition Skills (sub) Sequences  Types
matrix) (Level
Symbol)
Serve (Jump & float) Serve ace. The ball lands in
receiving team’s court with none or 6(#)
12) one touch
The ball drives directly to the
, , 5(/)
serving team’s court (overpass)
The ball is on receiving team’s court A(+)
but with just one option for attack
The ball is on receiving team’s court 3(1)
with two options for attack )
The receiving team has all the 20)
options for attack
Serve error 1(=)

Pass

The receiving team has all the

options  for  attack  without 6(#)
adjustments for the setter.

(vs Jump & vs Float
serve)

(12)
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. . Level
Main Skills _ code
(# rows in transition Skills (sub) (Level Sequences  Types
matrix) symbol)
The receiving team has all the
options for attack with adjustments 5(+)
in the approach of the ball for the
setter.
The ball is on receiving team’s court 4)
with two options for attack )
The ball is on receiving team’s court 3()
but with just one option for attack
The ball drives directly to the 2/)
serving team court
Pass error. 1(=)
Block Block kill 1(#) 2(AS,AA)"
(6) Contmue Bloc!<. The ball stays in the 2 2(AS,AA)
blocking team’s court
Continue Block. The ball stays in the
attacking team’s court 3 2ASAA)
Setting location Left Front Side (LFS) 2 2"
(24) 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 (C0S) 2
Setter’s Tip or attack in 2nd touch (STRTIP) 2
Setting error (SE) 2
Direct attack Attack of an overpass
1)
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-Attackl & 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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where P; 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

P = P(Y,,, =point” |Y, =) + > P(Y,,, = point” |Y,,; = S, )P(Y,.; = S, |Y, = S) (2)
k=1

ki

with n denoting the number of skills, P(Y,,=point"|Y,=S.) denoting the probability of
scoring a point in favour of the team under study after a skill S; and P(Y,,=S,|Y,=S,)

denoting the transition probability from skill S; to skill Sy. It is further assumed that the scoring
for each skill IS not influenced by  the time point hence

P =P(Y,, =point” |Y, =S;) = P(Y,,, =point™ |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=(y;) of dimension 59x62 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 P(Y,,, =S, |Y, =S;) and the success probabilities P; as defined by (1). For brevity,

let us denote the transition probabilities P(Y,,, =S, |Y, =S,;) by 7, . For each row (skill-rating
combination), a multinomial likelihood is assumed:

F iz Yins Yinen Yinez | ins oo i T g i) € Hﬂii‘“ (3)

kEMi

n+3
with Zﬂ'ik = Z”ik =1 for each i; where ¥ is the set of indices corresponding to possible
k=1

ke,

following skill S;.
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Therefore, the corresponding transition probabilities =z, with k € 4, are quantities under
estimation taking values in the (0, 1) interval while all 7, with k & 4z are structurally restricted
to zero and therefore are not estimated.

For each skill S;, a conjugate Dirichlet prior distribution is used for the parameters under
estimation, I1. = (7, , k € &), of the type

FAL [A) o [ [, (4)

ke

where A =(a,,k € M) are the prior parameters for parameters II;. For each skill (row in the

transition matrix) the prior parameters A; 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 IT;
will be also a Dirichlet distribution with parameters (yi+aix), for k € 4z, that is

F(IT, 1y, A) o [ T, ()

kem;
Where y,. = (Vi Yins Y Yine) - NOte that y, are constrained to zero for allk & 24 .
Under this setup, the posterior mean and variance are given by:

E(”i,k | Vit yi,n+2){1_ E(”i,k | Vit yi,n+2)}

+a

E(mlyi) = msylk—nlg and Var(”i,k ly;,) = n+3 n+3
Zyij+zaik zyij +zaij +1
j=1 j=1 j=1 j=1

for all k e i, 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 P; and
standard deviations and, finally, the importance scores given by (1).

The sampling scheme can be summarized by the following steps:

e Fort=1,..T,
o Fori=1,...,n

=  Find the set M, of all possible states following S;

=  Generate IT; from a Dirichlet distribution with parameters A,.
= Calculate the success probability for iteration t using equation (2), that is

n

B =7t Z”i,k”k,ml .
k=1
ki

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 ~, = P(y,, =S, |Y, = ;) 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 S; are given by

M| for kenm,
““1 0 forkem’

where | |is the number ofpossible transitions from a skill-rating combination S; 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 0.1xN; for each skill S; 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 S; are given by
8 = p"‘xlo for k e i, |
0 for k & i,

with p, denoting the prior estimate of an expert for the probability z, = p(v,, =5,|Y,=S,)-

+1

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.
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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" and the 5™ percentile to the range between the 95" and the 50"
percentile, that is

QMR = M —Qqos
Q0.95 -M

where Q, is an a 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 P; 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 (S)) Skills(sub)  Men u21 U19  Posterior differences”
Srviump 2(-) 0.326 0.320 0.257 Men>>U19
3N 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
3N 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(1) 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(1) 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 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
STRTIP 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 U2l<< 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
STRTIP 0.590 0.466 0.450
0OoS 0.352 0.451 0.598 Men<<U21<U19, Men<<<U19
Direct attack 0.611 0.670 0.573
Continue Block 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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(b) Probability of success

(a) Probability of non-failure
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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 P; 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 P; 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 P; for each skill S; 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 thanl.2; see
Table 6 for the full list of QMR.
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Table 4. Importance scores li for each skill Si (skill rankings in brackets).

Skills (S) Skills(sub) Men u21 u19
Srviump 2(-) 14.1 (14) 7.2 (23) 7.6 (22)
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 7 9.7 a7 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 (12) 11.7 (14) 10.7 (15)
Passin Jump 2(h 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 (12)
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) 214 2 20.1 3)
6(#) 27.2 (3) 21.7 Q) 21.3 2
Attack 1 LS quick 17.2 9 14.2 (10) 22.6 (D)
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 11.7 (18) 7.0 (25) 5.7 (30)
BRS high 4.0 (43) 3.8 (41) 3.3 (43)
MF quick 21.9 ) 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)
STRTIP 4.8 (41) 4.0 (39) 5.0 (34)
0OoS 6.7 (33) 4.8 (36) 4.9 37)
Attack 2 LS quick 11.0 (19) 12.9 (11) 10.5 an
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)
STRTIP 3.1 (46) 4.4 37) 3.6 (41)
0Oo0S 10.9 (20) 9.4 (19) 6.8 (26)
Direct attack 8.0 (29) 9.2 (20) 7.9 (20)
Continue Block AA 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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