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ABSTRACT 
 

The study purpose was to compare two different functional classes of 
volleyball players on the selected kinematical variables of spike jump 
performance. A total of eighteen (8 national and 10 state level) male 
volleyball players were selected as the subjects for this study. For 
obtaining 2-D kinematical data each subject was asked to perform 
volleyball spike jump. There was a setter who set the ball for spiker to 
spike. Each spiker spike for three times and their spike jump 
performance was recorded in a high speed Canon Legria HF S10 
camcorder. The camcorder was placed on a tripod at the height of 1.5 
meters on the sagittal plane; the focus of the camcorder was 
perpendicular to the side-line at a distance of 13 meters away from 
the point of jump. The movement of the spiker was recorded until the 
peak of the spike jump from the onset of the movement. Acquired 2-D 
data were analyzed with the help of Silicon Coach Pro7 motion 
analysis software. The jump height (JH), range of motion (RoM), 
angular velocity (AV), hyperextension joint angle at shoulder joint 
(HJASJ), and duration of arm swing (DAS) were taken as the 
kinematic variables for this study. The t test was used to statistically 
analyze the data. Results of study indicated that there was a 
significant difference in the variable of JH, RoM and DAS between 
national and state level male volleyball players, whereas insignificant 
difference observed in the variable of AV and HJASJ in their 
volleyball spike jump performance. For optimum spike jump 
performance the jump height is one of the important factor. Arm 
swing duration was a prominent factor of spike jump performance as 
when this increases the jump height is also increases and vice-versa. 
Maximization of the speed of the arm swing improves spike jump 
performance. Though increase in shoulder hyperextension joint angle 
doesn’t have any role in the spike jump performance. 
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INTRODUCTION 
 

Volleyball is one of the high-
est participation sports in the 
world. The most appealing asp- 

 
ects of this sport are that it can be 
played indoors and outdoors, by 
young and old, by males and 
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females. The main reasons for the 
popularity of volleyball may be 
that the sport requires a less 
amount of equipment and any-
one can participate throughout 
their lives at a variety of skill 
levels.  
 

The game’s popularity makes 
it more challenging and tough at 
all level of participation. Service, 
receiving, passing, setting, block-
ing and spiking are the basic 
skills of volleyball game. Spiking 
is used as an attacking skill in 
volleyball. Spiking is the most 
complex skill in volleyball game. 
The height and velocity are maj-
or factors influencing the perfor-
mance of spiking (Hussain, Moh-
ammad & Khan, 2011). Accor-
ding to Hsieh and Heise (2008) a 
successful volleyball spike jump 
consists of several different fac-
tors and a balanced combination 
of these variables; arm swing 
was recognized as one of these 
variables. Since spiking is an 
attacking skill and it’s become an 
integral and important part of 
volleyball game. To enjoy best 
results of spiking a good amount 
of jump is required. The spike 
jump performance depends on 
various kinematical factors (Till-
man, Haas, Brunt & Bennett, 
2004). In the past different bio-

mechanical parameters of volley 
ball spike jump performance 
were analyzed by the researchers 
(Coleman, Benham & Northcott, 
1993; Coutts, 1982; Li-Fang & 
Gin-Chang, 2008; Tilp, Wagner & 
Muller, 2008). Most of the studies 
showed that arm swing has a 
significant influence on jump hei-
ght (Wagner, Tilp, Duvillard & 
Mueller, 2009; Baudin, 1980; Mo-
ore, Weiss, Schilling, Fry & Li, 
2007). These studies indicated 
that arm swing increases the 
angular velocity which resultant 
in good amount of jump height 
(Bénédicte, Jean-Louis, Guido, 
Jean-Michel & Marc, 2005; Ken-
saku, Shintaro, Satoshi, Satoshi & 
Satoshi, 1999; Roemer, Kuhl-
mann & Milani, 2008). Addi-
tionally, Hsieh and Heise (2006) 
[15] found that arm swing was 
one of the most important factors 
which contributed to volleyball 
spike jump height. Although 
these studies examined the effect 
of arm swing on jump height, 
few of them have examined the 
performance of the arm swing in 
different skill level players 
(Marquez, Masumura, Ae, Endo 
& Yasuda, 2007; Marquez, Masu-
mura & Ae, 2005; Ridgway & 
Hamilton, 1991). The lack of 
study of about this skill at 
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different level demands for bio-
mechanical research in this con- 

nection. Thus, this study was 
structured with a purpose to 
examine the arm swing which 
influences the volleyball spike 
jump performance, on selected 
kinematic factors at national and 
state level male volleyball players.  
 
METHODS AND MATERIALS 
 
Subjects 
 

Eight national and ten state 
level a total of eighteen male 
volleyball players were tested in 
this study. To maintain the 
homogeneity of the subjects only 
right handed players were sele-
cted. The age, height, body wei-
ght and training age of selected 
subjects is presented in the follo-
wing table 1. 
 

Table-1 
Descriptive statistics of national and 

state level volleyball players 

Tools and Equipments  
 

The experimental tools and 
equipments used in this investi-
gation were as camcorder with 
tripod (Canon Legria HF S10), 
measuring tap, weighing mach-
ine, body markers, motion analy-
sis software (Silicon Coach Pro7) 
and volleyball.  
 

Procedure 
 

Prior to actual data collection 
field setting was done. A camcor-
der which is oprated at shutter 
speed of 1/2000, with a frame 
rate of 60 frames/second was 
fixed on a tripod, the height of 
the camcorder from the ground 
was 1.5 meters. It was paced at a 
distance of exactly 13 meters 
from the subjects; the focus of the 
camcorder was perpendicular to 
the subjects right lateral aspects 
i.e. perpendicular to the side-line 
of the court (Figure 1). A well 
trained setter among them was 
asked to volunteer in the study 
and set the ball for the study’s 
subjects. 
 

To obtaining 2-D kinematical 
data each subject was asked to 
spike the volleyball. When they 
spike their spike jump perfor-
mance was recorded in a high 
speed Canon Legria HF S10 

 
National 

Volleyball 
Players 

State Volleyball 
Players 

 Mean SD Mean SD 

Age 
24.88 
years 

± 1.89 
18.2 

years 
± 1.55 

Weight 
62.63 
Kg 

± 4.80 55.3 Kg ± 5.60 

Height 177 cm ± 4.14 
166.5 
cm 

± 3.10 

Training 
Age 

6.88 
years 

± 1.36 
2.35 

years 
± 0.67 
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camcorder. 2-D data was recor-
ded from the onset of movement 
until the peak of the spike jump. 
Acquired 2-D data were analy-
zed with the help of Silicon 
Coach Pro7 motion analysis sof-
tware. The variable for the study 
were taken as the jump height 
(JH), range of motion (RoM), 
angular velocity (AV), hyper-
extension joint angle at shoulder 
joint (HJASJ), and duration of 
arm swing (DAS). The duration 
of arm swing was the time when 
maximum hyperextension of 
shoulder joint has occurred prior 
to the feet impact [3]. 
 

 
Figure-1 

Experimental setup showing of subject, 
setter and camcorder position 

Statistical Analysis 
 

One tailed t test was used to 
analyze the data and the level of 
significance was set at 0.05.  
 
RESULTS  
 

The results of this investiga-
tion are presented in the preced-
ing tables. 
 

Table-2 
Mean difference (MD) and calculated t 
of kinematical variables of arm swing 

performance between national and 
state level male volleyball players 

 
*Significant at 0.05 level of significance 
with 16 df t = 1.75 
 

From the above cited table 2 it 
is evident that the mean values 
of national and state level male 
volleyball players in their JH was 
0.71 m and 0.47 m, respectively 
with a mean difference (MD) of 

Vari-
ables 

National Players State Players   

Mean SD Mean SD MD Cal t 

JH 0.71 m ± 0.13 m 0.47 m ± 0.06 cm 0.24 m 2.61* 

RoM 236.25° ± 21.97° 161.33° ± 25.20° 74.92° 3.10* 

AV 458.38° ± 53.45° 359.60° ± 78.83° 98.78° 0.004 

HJASJ 103.00° ± 23.92° 71.10° ± 19.37° 31.90° 0.003 

DAS 
0.31 
sec 

± 0.05 
sec 

0.21 
sec 

± 0.04 sec 
0.10 
sec 

9.50* 
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0.24 m; RoM was 236.25o and 
161.33o, respectively with a MD 
of 74.92o; AV was 458.38o and 
359.60o, respectively with a MD 
of 98.78o; HJASJ was 103.00o and 
71.10o, respectively with a MD of 
31.90o; DAS was 0.31 sec and 0.21 
sec, respectively with a MD of 
0.10 sec.  

 
Comparing the mean differe-

nces of the selected variables of 
arm swing viz. jump height (JH), 
range of motion (RoM), angular 
velocity (AV), hyperextension 
joint angle at shoulder joint 
(HJASJ) and duration of arm 
swing (DAS), between national 
and state level male volleyball 
players revealed that, there was 
significance difference observed 
between national and state level 
male volleyball players in the 
variable of JH, RoM and DAS as 
the calculated t value concerning 
these variable of arm swing was 
found more than tabulated t 
value (1.75) at 0.05 level of confi-
dence with 16 degree of freedom 
which shows significance differe-
nces between both experimental 
groups, whereas insignificant 
difference observed in the vari-
ables of AV and HJASJ as cal-
culated t value was found less 
than tabulated t value. 

DISCUSSION 
 

The results of the study 
verifies that the jump height 
which is a influential variable of 
spike jump performance was 
much higher in the national level 
volleyball players in comparison 
with state level volleyball play-
ers, the reason might be the arm 
swing which is much requisite to 
enhance the jump height was 
reported higher in the national 
level volleyball players which 
automatically increase the range 
of motion as well as angular 
velocity. One of the main reasons 
for a significant difference bet-
ween national and state level 
volleyball players in their arm 
swing performance is the higher 
hyperextension of joint angle at 
shoulder joint which resulted in-
crease of duration of arm swing 
as when the duration of arm 
swing increase is provide higher 
range of motion as well as angu-
lar velocity which increase the 
spike jump performance. When 
angular velocity and hyper-
extension joint angle at shoulder 
joint are taken into account it 
was observed that there was an 
insignificant difference observed 
between national and state level 
players. That is due to the reason 
that these two factors of 
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volleyball spike jump perfor-
mance dose not plays a signifi-
cance role in spike jump perfor-
mance. The findings of the study 
is in the line of Hsieh and Heise 
(2006) who investigated the arm 
swing of volleyball spike jump 
performance between advanced 
and recreational female players 
and found advanced players per-
formed significantly higher than 
recreation players. Marquez, 
Masumura and Ae (2005) bio-
mechanically analyzed the spike 
motion of average, top and lower 
skill levels groups of male volley 
ball players and reported in their 
findings that top skill level 
players exhibited better spike 
motion in comparison with other 
two skill level groups players. 
Ridgway and Hamilton (1991) in 
their study examine the spiking 
technique of elite and inter-
collegiate male volleyball players 
and found that spiking technique 
of elite volleyball players were 
far better than intercollegiate 
volleyball players.  
 
CONCLUSIONS  
 

On the basis of the results 
obtained from the present em-
pirical investigation the follo-
wing conclusion can be drawn: 

 For optimum spike jump per-
formance the jump height is 
one of the important factor as 
national level players have 
greater jump height that 
improve their spike performance. 

 Though angular velocity is one 
of the main kinematic factors 
in the determination of spike 
jump performance but in this 
study it was not evidenced as 
there was an insignificant 
difference observed between 
both study groups. 

 The duration of arm swing 
was a prominent factor of 
spike jump performance as 
when duration of arm swing 
increases the jump height is 
also increased. 

 Maximization of the speed of 
the arm swing would improve 
spike jump performance. 

 Increase in shoulder hyper-
extension joint angle dose not 
plays any significant role in the 
spike jump performance.  
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