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Action distance as a predictor of winning and losing matches at FIVB Volleyball
Men’s World Championship

Abstract

Introduction: Technology determines the emergence of functional tools to monitor and control motor
activity during the game. One of the solutions for monitoring the player in indoor sports are computer
video analyses, which determine basic kinematic parameters. The study aims to compare team and
player activity with the outcome of a given set and the effect of the game status on player activity during
a championship-level match. Materials and Methods: The study analysed 140 volleyball players aged 19
10 40 years (27.05 + 4.33 years, height: 197.15 + 9.63 cm, body mass: 88.51 + 9.23 kg) participating in the
FIVB Volleyball Men's World Championship. The observed matches were categorised by score (3:0, 3:1,
3:2 and 0:3, 1:3 and 2:3). Depending on winning or losing, each set was described as W - a winning set, P
- alosing set and O - as the first set. Results: The average distance covered in all observed matches was
10.7 £ 0.09 m, while for matches completed in 3 sets, it was 10.48 + 0.13 m. Attackers covered the
longest distance in action (11.43 + 1.68 m), while the libero covered the shortest distance from among all
observed players (8.79 + 1.91 m). The losing teams covered a significantly greater distance in action
(10.87 £ 2.24 m) in action than the winning teams (10.54 + 1.91 m). Conclusion: The results of this study
allow the conclusion that teams winning sets cover a smaller average distance in action than their
opponents. The highest covered distance was observed in the first set and in sets 4 and 5 when teams
were losing a set after losing the previous one. The smallest distance was covered by teams that lost set
5 after winning the previous set.
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Abstract: Introduction: Technology determines the emergence of functional tools to monitor and
control motor activity during the game. One of the solutions for monitoring the player in indoor
sports are computer video analyses, which determine basic kinematic parameters. The study aims
to compare team and player activity with the outcome of a given set and the effect of the game status
on player activity during a championship-level match. Materials and Methods: The study analysed
140 volleyball players aged 19 to 40 years (27.05 + 4.33 years, height: 197.15 + 9.63 cm, body mass:
88.51 + 9.23 kg) participating in the FIVB Volleyball Men's World Championship. The observed
matches were categorised by score (3:0, 3:1, 3:2 and 0:3, 1:3 and 2:3). Depending on winning or los-
ing, each set was described as W — a winning set, P — a losing set and O — as the first set. Results: The
average distance covered in all observed matches was 10.7 + 0.09 m, while for matches completed
in 3 sets, it was 10.48 + 0.13 m. Attackers covered the longest distance in action (11.43 + 1.68 m), while
the libero covered the shortest distance from among all observed players (8.79 + 1.91 m). The losing
teams covered a significantly greater distance in action (10.87 + 2.24 m) in action than the winning
teams (10.54 + 1.91 m). Conclusion: The results of this study allow the conclusion that teams winning
sets cover a smaller average distance in action than their opponents. The highest covered distance was
observed in the first set and in sets 4 and 5 when teams were losing a set after losing the previous one.
The smallest distance was covered by teams that lost set 5 after winning the previous set.

Keywords: elite volleyball players, mean rally distance, game status.

1. Introduction

The development of computer technology determines the emergence of new tools to
monitor and control motor functions during sporting activity [1-3]. The most commonly
used tools are accelerometers, gyroscopic sensors or ones that require marking points on
the player's body [4, 5]. Their functionality is significantly limited and almost impossible
in a championship game. One of the solutions for monitoring a player in indoor sports are
computer video analyses, which determine basic kinematic parameters such as jump
height, distance covered, and the number of individual actions [6, 7]. In outdoor sports,
Ground Positioning System (GPS) based exercise control tools are standard [8]. Rugby,
football, or baseball have made significant changes in the approach to the player's training
and control and the influence of individual kinematic parameters on his/her performance
[9, 10]. Hybrid diagnostic tools should be sought to understand the nature of effort and
the influence of kinematic parameters on performance in indoor sports.

In volleyball, the height, the number, and the frequency of jumps are the most fre-
quently diagnosed parameters [7, 11, 12]. The jump height equates with the player's higher
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efficiency in the serve and attack and is considered one of the determinants of success in
volleyball [13-15]. However, the effectiveness of play and attack mainly depends on the
quality of the opponent's reception and defensive play. Both offensive and defensive ac-
tivities require the team's considerable commitment at the level of movement around the
field. It would seem reasonable to use the activity as a parameter affecting an action, set,
and match outcome. The distance covered during the action by each player can determine
his/her activity.

Distance has been diagnosed globally as the distance covered during a match and as
the distance of a single action, such as the flight distance during an attack, a serve, or
ablock [3 ,6, 7]. Although those authors presented the distance covered by players in
a match, none of the studies confirms the influence of the covered distance on the result
taking a form of a won or lost set and match in a championship-level match. According to
Miskin et al., volleyball coaches should identify different performance skills of each vol-
leyball player during a game and accordingly adjust a training cycle of a team and focus
on the development of the efficacy of key skills that considerably determine players’ scoring
abilities and consequently contribute to match success. To our knowledge, there is a lack
of research on the effect of the match status, understood as the set score of a match on the
volleyball players’ activity.

The study aims to compare team and player activity with the outcome of a given set
and the effect of the game status on player activity during a championship-level match.

2. Materials and Methods

2.1. Participants

The study analysed 140 volleyball players aged 19 to 40 years (27.05 + 4.33 years,
height: 197.15 + 9.63 cm, body mass: 88.51 + 9.23 kg) participating in the FIVB Volleyball
Men's World Championship in Poland. The players were senior representatives of Poland,
Russia, Serbia, Argentina, Canada, Australia, Bulgaria, Cuba, Finland, China, Venezuela,
and Cameroon. The diagnosed players were categorised according to their position on
court: an attacker (OPPOSITE, n =20), a middle blocker (MIDDLE, # =40), a libero (LIBERO,
n = 20); a setter (SETTER, n = 20); and a receiver (RECEIVER, n = 40).

The study was approved by the Ethical Committee of the University of Health and
Sport Sciences and was conducted in accordance with the Code of Ethics of the World
Medical Association (Declaration of Helsinki).

2.2. An Experimental Approach to the Problem

A cross-sectional study was conducted on professional volleyball players during the
FIVB Volleyball Men's World Championship 2014 in Poland. The study consisted of col-
lecting video observations of matches from the Centennial Hall in Wroctaw. The record-
ings were made with three cameras in the Full HD format. Then the obtained results were
analysed in terms of the distance covered in action during the game. The concept of a
method to analyse individual parameters was described and developed by Mroczek [6]
and applied at the level of height and jumping distance parameters by Pawlik [7]. More-
over, information on the studied volleyball players’ age, height, and body weight (current
as of 2014) and detailed results of the matches played were gathered.

2.3. Procedure

The observed matches were categorised by score (3:0, 3:1, 3:2 and 0:3, 1:3 and 2:3).
Depending on winning or losing, each set was described as W — a winning set, P — a losing
set and O — as the first set. The game-status was marked as set 1 won (OW), set 1 lost (OP),
a winning set after a winning set (WW), a losing set after a winning set (WP), a winning
set after a losing set (PW) and a losing set after a losing set (PP) to observe the influence
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of the result of the previous set on the effect of the next one. Another analysis was per-
formed to divide the effect according to the set in which it occurred, i.e., set 1-5, to evalu-
ate the match situation in more detail. The resultant effects were compared with the aver-
age distance covered by the players during the action.

2.4. Distance Calculation

Knowing the dimensions of the volleyball court and its constancy regardless of the
camera setting allowed us to develop a concept for calculating the distance covered by
players. Thus, it is possible to define transformation, also known as a perspective trans-
formation or homography [16], which map any point from the camera perspective into

the 9 x 18-metre rectangle:
x'i X
sily'i|=H l)’il
1 1

where H is an arbitrary 3 x 3 matrix. Finding H is not hard and is done by minimizing
a back-projection error (O'Reilly Media 2008):

, hiaxi + hypxi + hys 2 , haiXi + hopx; 4+ hys 2
X + Vi

hs1x; + h3px; + has h31%; + h3px; + has

Achieving H allows determining the position in metres of any player for all movie
frames.
X = hi1Xi+hioXi+his 1. — h2iXithaoXithas
b haiXgthapxithas ' 7 ' haixithaaXithas

Finally, calculating Euclidean distance between the position in two consecutive
frames allows finding a total distance d of player’s movement. Jump frames are excluded
from the calculation [7].

d= Z \/(xi —Xi—1)?+ Vi — yi-1)?

i=1

2.5. Statistical Analysis

The software for calculating movement distance was built upon OpenCV (accessed
as of June 28, 2018, on https://opencv.org/) library. All calculations are performed in dou-
ble precision (accessed as of June 28, 2018, on https://docs.microsoft.com).

The average distance covered in all observed matches was 10.7 + 0.09 m, while for
matches completed in 3 sets, it was 10.48 + 0.13 m. The intraclass correlation coefficient
(ICC = 0.76 and 0.60) and Cronbach’s alpha reliability coefficients (CA = 0.76 and 0.60)
were calculated to determine the reliability between distances covered in each game rally.
The within-person variability was determined by calculating the variation coefficient (CV
=0.15 and 0.13). The Confidence Interval coefficient (CI) was calculated for the determined
mean values of the covered distance in 3- and 5-set matches. For 5-set matches, the CI was
10.53 (-95%) and 10.88 (+95%), while for matches completed in 3 sets it was 10.46 (-95%)
and 10.96 (+95%). All coefficients were found to be significant at the 95% level (p < 0.05).
An independent T-test was used for variables relative to the groups to detect differences
in the distance covered in winning and losing sets. To observe differences between the
distance covered in winning and losing sets according to the game-status, sets were ob-
served using ANOVA and post-hoc NIR.
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3. Results

Figure 1 shows the average action distance covered in winning or losing sets after
winning or losing a set (WW, PW, WP, PP), winning or losing sets at 0:0 (OW and OP). In
losing sets at 0:0 (OP), the players record the highest distance covered of all observed sets
(11.32 +2.60 m). The first set won (OW) has higher mean values of distance covered (10.85
+1.58 m) than sets WW, PW, WP and PP (10.21 +2.03 m; 10.56 + 1.80 m; 10.69 + 1.98 m and
10.84 +2.28 m, respectively). The lowest distance covered by the athletes was recorded for
WW, and it significantly differed from the distance covered in sets OW (p = 0.044), OP
(p=0.001), and PP (p = 0.027) at a significance level of p<0.05. The results of OP and PW
were also significantly different (p = 0.025).

12,2
12,0
11,8
11,6
11,4
11,2

11,0

10,8

Distance [m]

10,6

10,4
10,2
10,0

9,8

9,6

ow OoP ww PW WP PP

Game Status

Figure 1. Average distance covered depending on the match status.
(* significant difference between OP vs. WW, WW vs. PP, WW vs. OW, PW vs. OP)

OW - the first winning set; OP — the first losing set; WW — a winning set after a winning
set; PW —a winning set after a losing set; WP —a losing set after a winning set; PP —a losing
set after a losing set

Analysing the average distance covered in action in individual sets, it is worth noting
the trends in sets 2, 4, and 5. Especially in the decisive sets 4 and 5, the covered distance
sharply increased when the previous set was lost. There were no statistically significant
differences between the individual game statuses in sets 1 and 2. For set 3, statistically
significant differences were recorded between WW and PW (p =0.047), WW and WP
(p=0.008), and between WP and PP (p = 0.042). For set 4, statistically significant differ-
ences at the level of p <0.05 occurred between sets PP and WW (p = 0.000), PP and PW
(p =0.000) PP and WP (p =0.002), and WW and WP (p = 0.003). For set 5, statistically sig-
nificant differences at p <0.05 occurred between PP and WP (p=0.000), PP and PW
(p=0.015), and WP and PW (p = 0.002) (Figure 2).
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Figure 2. Average distance covered in sets 1-5 depending on the game status.

When analysing winning (W) and losing (P) sets without the effect of the previous
set, there is a tendency for the recorded distance to be more remarkable for losing sets
(10.87 + 2.24 m) than for won sets (10.54 + 1.91 m). However, these differences are not
statistically significant. When broken down by sets, statistically significant differences
(p < 0.05) in the covered distance were observed in sets 4 and 5 (Table 1). For sets 1, 3 and
4, higher values of the covered distance were characteristic of the teams that generally lost
the set. Set 2 is an exception, in which practically no differences were noted between set
W and set P (0.05 m) and set 5, in which apparent differences were noted between set W
and set P in favour of a greater distance covered by teams that won the tie-break (2.97 m
on average).

Table 1. Results of winning and losing sets (W and P).

Average Average SD SD
Set [4
W [m] P [m] W [m] P [m]
1 10.85 11.32 1.58 2.6 0.20
2 10.47 10.42 1.93 1.86 0.88
3 10.48 10.77 2.11 2.01 0.40
4 10.06 11.55 1.61 2.10 0.00*
5 10.67 7.7 2.3 1.67 0.00*

*significance at p <0.05.

An analysis of the distance covered during the match was also performed according
to the player’s function and the effect of the given set. After comparing the players accord-
ing to their position on court, the most significant distance is covered by the attacking
player (A) and the smallest by the libero (L) (Table 3). Significant differences in the dis-
tance covered are found between the libero (L) and the other players: a receiver (R1, R2),
a setter (R), an attacker (A) and a middle blocker (M1, M2). Moreover, statistically signif-
icant differences are found between players performing in the R position (R1 and R2) and
S, A, M1, M2 and L at the p < 0.05 level (Table 2).



Balt ] Health Phys Act. 2023;15(2):Article5. 6 of 9

Table 2. Average distance covered in action divided by function.

Mean distance

Function  covered in R1 R2 S A M1 M2 L
action [m]

R1 1040+ 1.73 0.07 0.01* 0.00* 0.03* 0.03* 0.00*
R2 10.95 +1.64 0.07 0.43 0.16 0.75 0.66 0.00*
S 11.2+1.84 0.01* 0.43 0.46 0.64 0.73 0.00*
A 1143 +1.68 0.00* 0.13 0.46 0.23 0.28 0.00*

M1 11.05 +2.49 0.03* 0.75 0.64 0.23 0.90 0.00*

M2 11.09 +2.02 0.03* 0.66 0.73 0.28 0.90 0.00*
L 8.79£1.91 0.00* 0.00* 0.00* 0.00* 0.00* 0.00*

* significance at p < 0.05.

The matches in which one team dominated were listed. These were all matches end-
ing with a score of 3:0 and 0:3. The following results confirm the observations of all
matches (3:0; 3:1; 3:2) and the tendencies occurring in them. The teams that won in 3-set
matches recorded lower values of the distance covered than the losing players. These dif-
ferences are statistically significant at the level of p <0.05 (p=0.008193). When broken
down by set, set 1 was significantly different from sets 2 and 3 regardless of the effect (W
and P) at the level of p <0.05 (Table 3).

Table 3. Differences in sets 1-3 by the game status (effect).

Status Set {1} {2} {3}

12.378 9.7333 10.383
p 1 0.00* 0.00*
p 2 0.00* 0.33
p 3 0.00* 0.33
w 1 0.04* 0.03*
\W 2 0.04* 0.84
\W 3 0.03* 0.84

* significance at p <0.05.

4. Discussion

In this study, the average distance covered in action was determined by comparing
it with the effect of a given set. Moreover, the effect (set score) of winning or losing a set
on the distance covered by players participating in the FIVB Volleyball Men's World
Championship was determined. The results of this study allow the conclusion that teams
winning sets cover a smaller average distance in action than their opponents.

The diagnosed representatives of 12 countries covered an average distance similar to
Mroczek et al. [6]. Those authors estimated the mean distance in action to be 10.92 + 0.9 m
in male volleyball players in the Polish National Volleyball League [6], while Hank et al.
[3] determined the mean distance covered in action in female volleyball players in the
Champions League to be 8.5 + 1.04 m. Juxtaposing the covered distance results with the
effect of a given set, one can see a low value of the average distance in winning sets after
a previously won game (WW) and the highest in losing sets (PP). Similar observations can
be made after analysing the average distance covered in sets 1-5 depending on the game
status, where similar trends are observed for sets 3 and 4. Sets 2 and 3 are characterised
by greater confidence in executing the actions, allowing the technically better teams to
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effectively control the game. According to Castro et al. [14], it may be due to a higher level
of technical skills, especially in reception and serve, than in the losing teams. The differ-
ences in the distance covered in (WW) and (PP) sets are most likely due to the lower level
of ball control in the game with a tougher opponent. A less effective serve reception, de-
fence or setting the ball may generate a greater distance covered to construct the action.
Teams that play the ball more accurately and are more effective in attacking do not need
to generate additional running load during the action.

The players covered the greatest distance in set 1 (OW and OP), which is the begin-
ning of the match effort without significant fatigue compared to the other sets (WW, WP,
PW and PP). The teams that win this part of the match (OW) tend to cover less distance in
the next set. In the first set, teams take less risk in serve and attack which translates into
the length of the action and, consequently, the covered distance. Comparing only the 3:0
and 0:3 matches confirms that, regardless of the result of the set, at 0:0, the players cover
the longest average distance during the action (both in OW and OP). The analysis of action
efficiency conducted by Castro et al. [14] and Marcelino et al. [15] can confirm the suppo-
sition. The conclusions may indicate the influence of high efficiency of actions (technical
level) on controlling the course of the game enough to perform less motor work while
maintaining a higher quality of actions.

There are apparent differences between sets W and P in sets 4 and 5. If two teams of
similar skill level are playing with each other, sets 4 and 5 are usually the deciding ones
for winning or losing the entire match. A special commitment is seen in teams that have
lost the previous set. Wanting to stay in the championship game, they engage all possibil-
ities not to end the match with a defeat. In the case of losing set 4 and victory or defeat in
set 5 (PW and PP), a high ratio of distance covered concerning WP is found. Such a result
may indicate a high sporting level of an evenly matched performance and a continuation
of the boost from the previous game. The teams that win sets 4 and 5 (WW) maintain an
average distance during the action, while the teams that lose set 4 also try to make up for
their technique, activity, long defences, and fight for difficult to defend balls. Sets 4 and 5
differ in terms of effect (W and P). There are extremely high values for the teams losing
set 4 and low values for the teams losing set 5. It may indicate the use of all motor potential
and commitment where the team may lose the opportunity to advance to the later parts
of the competition. The aspect of fatigue translating into commitment and activity in set 5
after a heavy load in the previous set is significant.

The last aspect is the individual players’ work depending on their position. Receivers
in position No. 1 (R1) and libero (L) stand out statistically significantly. They cover the
smallest average distances during the action. While the L player is responsible for receiv-
ing and defending in a specific zone, the R1 players are surprising. Tactically, player R1
should be an offensive-minded player due to playing in 2 rotations with player S in the
attacking area and having fewer reception tasks. Analysis of the number of jump shots of
players R1 and R2 proves no essential differences between these players in the number of
executed jump shots during the game [7]. The even distribution of the attack between A,
M and S and fewer tasks in the defensive game resulted in R1 players and exempted L
players covering the smallest distances in the match. The distance covered by S also shows
a surprising trend. It would seem that S players are the ones who run the most on the
field. They try to set the ball to the attacker, primarily inaccurately received balls. Mroczek
et al. [6] reported that in the Polish Ligue S covered the greatest distance among all play-
ers. Usually, the best players of each country play in national teams. In representation,
attack efficiency may be greater than in a league, which may translate into fewer ex-
changes in action. A, as a player focused on offensive game, may also be more abused by
S than usual. The attacker (A) is the position covering the most significant distance. De-
spite being exempted from accepting a serve, the A players are the most burdened with
offensive play. On average, A players jump the highest during the game and make the
highest number of jumps (except for M). The above offensive load results in offensive
players being the most loaded position on court [7].
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5. Conclusions

The results of this study allow the conclusion that teams winning sets cover a smaller
average distance in action than their opponents. The highest activity is observed in the
first set and in sets 4 and 5 when losing a set after having lost the previous one. The small-
est distance is covered by teams that lose set 5 after winning the previous set. The players
covering the smallest distance are the players in position R1 and L, while the largest dis-
tance is covered by players A. The results of this study show that the players' activity is
inversely proportional to the outcome of the match. Future work in the direction of activ-
ity, in addition to the team's set score, should include an evaluation of technique in the
form of the effectiveness of individual players' actions. Such an approach to the problem
will explain why players covering smaller average distances during actions are generally
more effective than teams that lose matches at the highest international level.
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