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Abstract
Introduction. The aim of this study was to determine the correlations between the direction and velocity of the ball in volleyball spike. We adopted the hypothesis that the direction of an attack is dependent upon the arrangement of the pectoral girdles
in the phase of flight. Material and methods. The research was carried out for four different types of attacks: from the left side
of the court down the line (A) and in the cross-court direction (B) and from the right side in the same directions (C and D).
Sixteen young volleyball players from a Sports Championship School run by the Polish Volleyball Federation were examined.
Results. The analysis of the results showed different ball velocities in different attacks. The velocity was the lowest in attack B
and the highest in attack D. Conclusions. The direction of attack was produced by hitting the ball in a non-central manner and
by aligning the glenohumeral joints diagonally to the net.
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Introduction
Kinematic research has found that the effectiveness of an
attack in volleyball is to a large extent determined by the velocity of the ball [1, 2]. Another significant factor is the choice of
the appropriate direction of the attack [3, 4]. The biomechanical criterion of effectiveness (accuracy) is met when the ball is
directed into the opponent’s weak area.
The biomechanics of the technique of an attack in volleyball and the differences in expertise in the technique have been
previously analysed [5, 6]. The effect of the take-off phase on the
height of the jump was also analysed [7, 8], as was the influence
of the kinetics of the player’s body during flight on the velocity
of the ball [8, 9]. Previous studies, however, have not investigated the relationships between the direction of the flight of the
ball and the kinematics of the body during an attack [8, 10]. Hitting the ball with maximum strength into the hands of blockers
usually results in the loss of a point. Therefore, directing the
ball in an appropriate direction is, apart from the velocity of the
attack, the principal factor determining whether an attack will
be successful. In light of the above, the purpose of this study was
to determine the correlations between the direction of the ball
and ball velocity. The hypothesis that the direction of an attack
is dependent upon the arrangement of the pectoral girdles in
the phase of flight was adopted.
Material and methods
All of the participants consented to being recorded. Sixteen male students from the Sports Championship School in

Spała run by the Polish Volleyball Federation participated in the
study. Their characteristics were the following: average height
was 196.1 ± 7.03 cm, average mass was 86.4 ± 9.51 kg, average
age was 18.3 ± 0.95 years, and average training experience was
6.7 ± 1.14 years. The individuals examined had approximately
the same level of sport technique.
A cinematographic method was applied, and the analysis
was carried out in a three-dimensional space with the use of
the APAS 2000 program. Strike attempts were recorded with
the use of two digital cameras (JVC GR-810) with a frequency of
60 Hz and the shutter set at 1/250 s. The cameras were set diagonally in relation to the plane of movement behind the subject.
For scaling, a rectangular frame with dimensions of 1.5 x 1.5 x
2 m was applied. Data were smoothed with the embedded Butterworth filter [11] with a value of 8 Hz for axes Ox and Oy and
the value of 6 Hz for axis Oz.
Before the measurements, the subjects warmed up for
30 minutes, by running, stretching, and doing ball exercises.
First, they hit the ball in pairs, and then they performed spike
attempts. During the research, subjects first performed attacks
from the left side of the court from the attack area (of the front
court). Attacks were firstly directed along the spike line (x direction) and subsequently in the diagonal direction. Solo blocking,
which was stationary in relation to the width of the court, was
performed by a co-practising individual and was intended to
help the researched individual direct the ball in a defined direction and create similarity between research conditions and actual match situations. Prior to performing an attack, the subjects
knew the direction in which the attack was to be performed.
After the settings of the cameras were changed, the subjects per-
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