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Abstract: 

Aim. The main aim of the research was to evaluate and compare changes in accuracy of throws performed by KS Cracovia 
1906 handball players, before and after endurance effort. 

Basic procedures. The study was carried out among14 players who played in the second women’s handball division in the 
2016/2017 season. The study took place during final preparations for the season, at the beginning of September 2016. The level of 
durability of the tested players was assessed using the Beep Test and the accuracy of throws, both before and after the endurance 
effort (after the Beep Test), was analysed, considering the training and endurance experience of the tested handball players. Basic 
methods of descriptive statistics, the Student’s t-test and Spearman’s rank correlation coefficient were used in the preparation of 
the results, and to assess the size of differences between the individual players, normalised indicators were calculated. 

Results main findings. Analysis of the research results presented in the study showed that after a long-term effort of endur-
ance nature, the accuracy of throws among the tested handball players decreased. It seems that they suffered from nervous 
system fatigue leading to less accurate and less precise performance of motor tasks.

Conclusions. On the basis of the analysis performed in the study, the following conclusions were drawn: that the accuracy 
of throws among KS Cracovia 1906 handball players after a long endurance effort, significantly decreased, and the accuracy of 
throws, both before and after the endurance effort, does not depend on the training period. Furthermore, more time should be 
devoted to the formation of aerobic strength in training the tested team. 

Introduction

Handball is one of the most spectacular and exciting 
team sports with a variable pace of action. From the point 
of view of physiology, mixed efforts - aerobic and anaero-
bic - dominate in handball. About 30-35% of the game 
time is spent in the anaerobic exercise zone [1-5]. How-
ever, the fairly long duration of a game and the occurring 
short periods during which the player is not involved in 
playing, as well as fairly frequent intervals in the game, 

allow the activation of oxygen metabolism. This places 
great demands on handball players in terms of physical 
efficiency, because the loss of energy reserves created 
during the muscle work at the time of exercise of varied 
structure and specificity of movement, must be covered 
by the involvement of both anaerobic and aerobic energy 
conversion processes [1,6-8]. 

Each and every effort leads to fatigue of the com-
petitor’s body. This is the condition in which the ability 
to work decreases, thus, the athlete performs tasks with 
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reduced efficiency and makes mistakes in their perfor-
mance [9]. To avoid this, the competitor must be physi-
cally properly prepared for the competition. In addition, 
proper nutrition, drinking sufficient amounts water during 
the day and training should be considered [11]. 

The main objective of the study was to assess and 
compare changes in throw accuracy performed by female 
handball players before and after endurance exercise.

Materials and methods 

The study involved 14 players of the KS Cracovia 
1906 team who participated in the second women’s 
handball league. The team comprised two goalkeepers, 
three pivots, seven backcourts and four wingers. Eight 
players were still juniors and took part in youth competi-
tions. The research was conducted in September 2016, 
at the end of the preparatory period for the 2016/2017 
season. The first measurements of throw accuracy were 
taken on the first day of the microcycle or immediately 
after the warm-up, comprising general development 
exercises which lasted 10 minutes. On the other hand, 
the second measurements of throw accuracy were per-
formed after one week (on the first day of the follow-
ing microcycle), immediately after the completion of the 
Beep Test, which was preceded by the same warm-up 
as in the case of the first measurement.

In the work, the following parameters were evaluated:
1. Goal throw accuracy. The players had to perform 

10 throws towards the top corners of the goal. The 
throws were made from the position of the centre 
backcourt, after a jump and from a distance of not 
less than 7 metres from the goal. The result was the 
number of throws towards the designated sector 
of the goal - the upper left or right corner (a square 
measuring 40 x 40 cm).

3. Training and competition experience. It was assumed 
that training experience is the time of active participa-
tion in handball training in years. On the other hand, 
the experience is the period (in years) of participation 
in training and competitions of the senior team [11].
The following were applied in the analysis of results:

• Basic measures of descriptive statistics: arithmetic 
mean ( x

_
   ) and standard deviation (SD).

• In order to assess the size of the differences between 
individual players, indices were calculated according 
to the formula:

2. Aerobic endurance using the Beep Test. The test 
was carried out on the handball court, in accordance 
with the instructions [9]. After the completion of the 
test, the results were recorded onto a card, then the 
distance covered and VO2max data were calculated 
from the test evaluation tables [9, 11, 12].

WU = SDteam

X tested player  – x
_
   

team

• The Student’s t-test for dependent samples was car-
ried out on the normalised results for the mean and 
standard deviation of the whole group. The signifi-
cance of differences in the accuracy of throw tests 
after a standard warm-up and following the endur-
ance effort (Beep Test) were assessed. 

• Spearman’s signed rank correlation coefficient was 
applied to assess the relationship between training 
and competitive experience, as well as the effective-
ness of throws before and after the warm-up.

Results

In order to assess the level of the analysed param-
eters for individual players, the measurement results of 
each handball player were normalised to the mean and 
standard deviation for all participants. This assessment 
was performed in groups distinguished according to 
game position (Fig. 1–4).

In Figure 1, the values of standardised indices cal-
culated for players playing in the winger position are 
shown. We may notice a change in the accuracy of 
throws performed after aerobic exercise, approximate to 
the match conditions in player No. 1. Her throw accu-
racy improved significantly - before the exercise, it was 
clearly lower than the average accuracy of throws for the 
team (WU = -0.38), and after the Beep Test, it exceeded 
the average values noted for the team by 0.52 SD. The 
accuracy of the throws did not change for the other two 
remaining players.

In Figure 2, graphically normalised indices calcu-
lated for backcourt handball players are shown. As it 
can be seen, the tested players were characterised by 
similar levels of aerobic endurance, although they had 
different body mass (between 55 kg and 64 kg), and 
body mass is known to determine the level of aerobic 
endurance to a large extent [10]. As noted, the accura-
cy of throws made after endurance effort significantly 
decreased in the majority of the analysed players. Only 
in player No. 14 was the accuracy of throws higher af-
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Fig. 1. Values of normalised indices regarding analysed variables among wingers - normalisation to mean and standard deviation for 
entire team

Fig. 2. Values of normalised indices regarding analysed variables in backcourt players - normalisation to mean and standard deviation 
for entire team

ter than before the effort, and it significantly exceeded 
the average accuracy of throws for the team - by as 
much as 1.74 SD.

In Figure 3, graphically normalised indices calcu-
lated for pivot players are shown. It is not surprising that 
these players achieved worse Beep Test results than 

their teammates, because they were characterised by 
large body mass. One of the subjects (No. 7) exhibited 
a decrease in the accuracy of throws towards the goal 
after the endurance effort similar to match conditions. 
On the other hand, player No. 11 demonstrated marked 
improvement in accuracy compared to the entire team.
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Fig. 3. Values of normalised indices regarding analysed variables in pivot players - normalisation to mean and standard deviation for 
entire team

Fig. 4. Values of normalised indices regarding analysed variables in goalkeepers - normalisation to mean and standard deviation for 
whole team
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As it can be seen in Figure 4, both goalkeepers gave 
way to the other players in terms of throw accuracy after 
a standard warm-up, while following the endurance effort 
similar to game conditions, player No. 13 clearly improved 
her throw efficiency compared to the whole team. It should 
be noted, however, that both goalkeepers had a low level 
of aerobic endurance compared to the team. 

The analysis presented above may indicate that fatigue 
of the tested players caused by the endurance effort had 
impact on the decrease in throw effectiveness. This is con-
firmed by the results of the Student’s t-test, in which it was 
shown that the differences in the results of the throw accu-
racy tests performed by the examined handball players af-
ter the standard warm-up and following the endurance ex-
ercise (Beep Test) were statistically significant (p = 0.01).

In the study group, no relationship was found be-
tween training and competitive experience, or the ac-
curacy of handball players’ throws (Tab. 1). This is 
certainly due to the number of tested players and the 
specificity of the group (the majority of young players), 
but it seems that this may be related to the effectiveness 
of players on the court. Because the players who have 
more experience and have trained longer are most often 
more effective during the game [3, 4, 14].

Discussion

Analysis of the test results presented in the paper 
allowed to deduce that after a long-term endurance ef-
for t, the accuracy of throws among the tested hand-
ball players decreased. It seems that they developed 
nervous system fatigue leading to less precise perfor-
mance of motor tasks [4, 15, 10]. During the Beep 
Test, the upper body worked less intensively, mainly 
fulfilling the balance function [15-17], but nerve fi-
bres throughout the body were involved in transmitting 
nerve impulses [10, 16]. Therefore, immediately after 
the test, it was difficult to control the whole body while 
performing throws towards designated corners of the 
goal [16]. Among all of the tested handball players, 
those playing the winger position had the best oxygen 
endurance. It should be noted, however, that the level 
of endurance among the tested players was not too 
high. The Beep test caused severe fatigue, which led 

to a decrease in efficiency, reduced excitability and ef-
ficiency of organs [18]. As it is well-known, after ex-
ceeding the culmination of fatigue, human movement 
slows down, as does the reaction to external stimuli 
[19]. Then, the tired players make more mistakes [10, 
20, 21]. For example, physical fatigue may be the main 
factor reducing the accuracy of throws in basketball 
[22], thus, resistance to fatigue must be developed 
during the training process. One of the reasons for fa-
tigue among the studied players could be their poor 
physical preparation. The examined team, despite its 
sporting aspirations - the desire to be promoted to the 
first league - trains only 3 times a week, which is cer-
tainly not sufficient enough from the point of view of 
modern handball requirements [11, 14, 17]. 

In the work, training and competitive experience were 
also assessed. Experience helps players make correct 
decisions quickly and with fewer mistakes [14, 22], be-
cause they have already encountered similar situations 
on the court. Experience also helps to maintain stable 
mental state during a match [4, 12]. It should be borne in 
mind that the researched team consisted of very young 
female players, and the differences between them in 
terms of professional experience were small. Therefore, 
it seems that for this very reason, no correlations were 
noted between sports experience of the tested handball 
players and their accuracy of throws.

Conclusions

Based on the analysis carried out in the work, the 
following conclusions may be drawn: 
1. The accuracy of throws among the tested handball 

players after a long endurance effort decreased sig-
nificantly. 

2. The accuracy of throws performed by the tested 
handball players before and after the endurance ef-
fort did not show a relationship with their training or 
competitive experience. 

3. In handball training, an extremely important role is 
played by aerobic endurance, which is the basis for 
mixed efforts during the game. It is the fitness con-
ditions that often determine a player’s high perfor-
mance in the final phase of the match.

Table 1. Spearman’s rank correlation coefficients analysed between training and competition experience, as well as accuracy of 
throws before and after the Beep test.

Accuracy of throws before Accuracy of throws after Beep Test Difference between throws

Training experience 0.277 0.178 -0.195

Competition experience 0.165 0.125 -0.098

Institutional Review Board Statement: The study was conducted in accordance with the Declaration of Helsinki, 
and approved by the Institutional Ethics Committee
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