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Abstract

The final goal in sports swimming, which is to swim a certain distance in as short a time as possible,
is influenced by many factors. The biomechanical characteristics such as the number of strokes and the
length of the stroke are some of the factors which significantly influence swimming velocity. The influence
of the numbers and lengths of the stroke on swimming velocity are well known and proven; however, in the
case of pubescent swimmers there is always doubt as to whether there is a correlation and what the nature
of the correlation between these parameters is. The aim of this research is to determine whether, and to
which extent, the number of strokes and the length of the strokes influence the swimming velocity at the 50 m
[freestyle among pubescent swimmers. On a sample of 30 swimmers (17 boys and 13 girls) all pubescent-aged
(12-15), based on the analysis of their official races, we studied the independent variable of the number of
strokes (SN50), the length of the strokes (SL50) and the dependent variable of the average swimming velocity
(v). By applying the multiple regression analysis, we obtained results which are in favor of the fact that there
is a significant correlation between the number of strokes, the length of the stroke and swimming velocity for
the 50 m freestyle among pubescent swimmers (r=0.77), as well as that the length of the stroke, among this
group of participants, to a significantly greater extent affects swimming velocity than the number of strokes.
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INTRODUCTION

Swimming belongs to a group of sports where the
main aim is to be the fastest, that is, to swim a certain
distance in as short a time as possible. The duration of
the swim is influenced by many factors. Physical fitness,
morphological characteristics, functional abilities, psy-
chological characteristics and tactical preparation are
only some of the factors which influence the duration of
the swim. In addition, the ultimate duration of the swim
is influenced by the swimming velocity itself, which to
a great extent depends on biomechanical characteristics
such as the frequency, that is, the number of strokes, the
length of the stroke and other characteristics. An analy-
sis of swim races plays an important part in the modern-
day technology of swimming training sessions (Arella-
no, Brown, Cappaert, & Nelson, 1994; Thompson, Hal-
jand, & MacLaren, 2000; Smith, Norris, & Hogg, 2002;
Markovié, 2011; Tor, Pease, Ball, & Hopkins, 2014). It
offers us insight into the structure of the biomechanical
characteristics manifested during a race, as well as the
analysis of the swimming technique itself, which is of
great importance for the determination of the advantages

or shortcomings to be modified, which are important for
the ultimate swim duration. When analyzing swimming
races we look at parameters such as time and the dura-
tion of the start, the flip turn, but also the abovemen-
tioned biomechanical characteristics which to a great ex-
tent depend on the effectiveness and swimming velocity.

The number of strokes and stroke length play an
important part in swimming. As already mentioned,
they exert a significant influence on the effectiveness
and swimming velocity, but these parameters also to a
great extent offer insight into the swimming technique.
Many authors have studied the correlation between fre-
quency, that is, the number of strokes, stroke length and
swimming velocity. It has been proven that swimming
velocity for the freestyle technique to a great extent de-
pends on the number and length of the stroke (Craig, &
Pendergast, 1979; Wakayoshi, D’ Acquisto, Cappaert, &
Troup, 1995; Pelayo, Sidney, Kherif, Chollet, & Tourny,
1996). The increase in swimming velocity occurs as a
consequence of the increase in the number of strokes,
increase in stroke length, or the regulation of the number
and length of the stroke. Elite swimmers are character-
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ized by a great stroke length and increased frequency of
the stroke (Chollet, Pelayo, Deleplace, Tourny & Sid-
ney, 1997). The length and number of strokes depend
on the swim distance (Arellano et al., 1994; Pelayo et
al., 1996; Laffite et al., 2004). For short distances, the
frequency of the stroke is a more significant parameter
for swimming velocity than the length of the stroke, that
is, as the distance increases, the frequency of the strokes
decreases, while the length of the stroke increases.

In terms of the number of strokes, the length of the
stroke and swimming velocity of pubescent aged swim-
mers, different studies have offered similar results. The
results of numerous studies indicate that there is a cor-
relation between these three variables among pubescent
swimmers (Latt, et al., 2010; Tsalis et al., 2012; Morais,
et al., 2013; Mezzaroba, & Machado, 2014). The rela-
tion between the number and length of the stroke during
maturation changes (Morais et al., 2012). Young swim-
mers have a greater frequency of strokes than adults
(Kjendlie, Stallman, & Stray-Gundersen, 2004), while
the length of the stroke during puberty is smaller than
the one during adulthood (Zamparo, 2006). Certain
studies indicate the fact that the swimming velocity for
this age group is influenced more by the length of the
stroke than the number of strokes (Silva et al., 2012).
However, the nature of the correlation between these
three variables for this age group is still not well known,
which indicates the necessity for further research. The
aim of this study is to determine whether, and to which
extent, the number of strokes and the length of the stroke
influence the swimming velocity for the 50 m freestyle
among pubescent swimmers.

METHODS

The sample of participants consisted of 30 swim-
mers (17 boys and 13 girls). The participants were aged
12 to 15. The young swimmers belong to the categories
of young pioneers and pioneers. All of the participants
trained for more than three years and were active com-
petitors in their categories.

The following variables were measured in this
study:

- mid-level swimming velocity (v)

- the number of strokes (NS50)

- the length of the stroke (LS50)

In the study, another variable was measured, which
was not directly relevant for the study itself, but its eval-
uation is important for the determination of other vari-
ables, such as the duration of the swim (t). The number
of strokes was evaluated visually, and the stroke made
with every arm was calculated, and not the entire stroke
cycle. The length of the stroke was determined through
the relation between the number of strokes and the length
of the swim distance, not counting the distance covered
from the take off from the starting block until surfac-
ing SL = (50 m — the length of the start)/SN. The aver-
age swimming velocity was obtained by calculating the
swim distance, not counting the length of the start, and
the time needed to swim that distance v. = (50 m — the
length of the start)/t. The variables were evaluated for
the first 25 m, as well as for the length of 50 m; however,
the first 25 m were not included in the calculation of the
correlation coefficient, considering that the swimming
velocity, as well as the other variables for the first 25 m,
are significantly influenced by the start. The analysis of
the variables was carried out based on the footage that
was made during official swim competitions in which
the participants took part.

In the paper we used descriptive statistical proce-
dures (Mean, Sd, Cv, Min and Max), as well as a mul-
tiple regression analysis The descriptive statistics were
applied in order to describe the variables measured for
this group of participants. The multiple regression anal-
ysis was applied in order to determine whether there is
a correlation, that is, whether the independent variables
SN50 and SL50 have any influence on the dependent
variable v. In order to determine whether one variable
has a greater influence than the other one, a backward
multiple regression was applied. All of the statistical
procedures were carried out using the SPSS 19 program.

RESULTS

Table 1 shows the descriptive indicators of the swi-
mming time and the velocity for the 25 and 50 m free-
style. Based on the shown data, we can conclude that the
duration of the swim after the first 25 m decreased, even
though the average swimming velocity did not. The av-
erage swimming velocity for the 50 m freestyle for this
group of participants was 37.02 s. Based on the homo-
geneity indicators of the results (Cv%), we can conclude

Table 1. The descriptive indicators of the swimming time and velocity for 25 and 50 m freestyle

t25 (s) v25 (m/s) t50 (s) v50 (m/s)
Mean 16.48 1.23 37.02 1.23
Sd 1.88 0.15 4.42 0.15
Cv% 11.45 11.96 11.93 12.55
Min 13.25 1.03 29.44 1.04
Max 19.37 1.51 43.26 1.53
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Table 2. The descriptive indicators of the biomechanical characteristics
for the 25 and 50 m freestyle

SN25 (n) SL25 (m) SN50 (n) SL50 (m)
Mean 11.33 1.82 27.06 1.7
Sd 2.12 0.31 43 0.25
Cv (%) 18.72 17.11 15.88 14.75
Min 8.5 1.18 21.5 1.2
Max 17 2.35 37.5 2.09
Table 3. The inter-correlation between the number or strokes, the length of the
stroke and the swimming velocity
SN50 SL50 v
SN50 1 -.98* -.69%*
SL50 -.98%* 1 73
v -.69% -.73% 1
Legend: *p<0.01
Table 4. A regression analysis of the independent variables SN50),
SL50 and the dependent variable
Model R R? Adjusted R?
1 7 .59 .54
2 73 .54 Sl

1-SN50, SL50; 2- SL50

that this group of participants is homogenous in terms of
the time and velocity of the swim.

Table 2 contains the descriptive indicators of the
biomechanical characteristics for the 25 and 50 m
freestyle. We can conclude that the average number of
strokes for the 50 m freestyle is 27.06, while the average
stroke length is 1.7 m. The number of strokes increased
during the second 25 m, while the length of the stroke
decreased.

Table 3 shows the inter-correlation of the number
of strokes, the length of the stroke and the swimming
velocity for the 50 m freestyle among pubescent swim-
mers. Based on the obtained results we can conclude that
there is a high and statistically significant correlation be-
tween these variables. The greatest correlation was ob-
tained between the variables for the number of strokes
(SN50) and the length of the stroke (SL50). The number
of strokes has a negative correlation with the length of
the stroke and the swimming velocity.

Table 4 shows the results of the regression analysis
of the predictor (dependent) and criterion (independent)
variables. In the analysis we used a backward regression
analysis so as to determine whether one of the predictor
variables had a greater correlation with, that is, influence,
on the dependent variable than the other. The first model

represents the correlation of the system of predictor vari-
ables of SN50 and SL50 with the criterion variable v.
We can conclude that this system of predictor variables
has a strong correlation with the independent variable,
that is, that the number of strokes and the length of the
stroke are significantly correlated to the swimming ve-
locity for the 50 m freestyle (r=0.77). This means that
the number of strokes and length of the stroke together
significantly affect the swimming velocity for the 50 m
freestyle. The determinant coefficient (R?) has a value
of 0.59, which means that this system of predictor vari-
ables explains 59% of the overall variability of the influ-
ence of predictor variables, while the remaining 41% are
related to some other factors. Model 2 represents only
the correlation between the length of the stroke and the
swimming velocity. Based on the mathematical calcu-
lations, the program excluded one dependent variable,
in this case the number of strokes, which to a smaller
extent affects the independent variable. The correlation
coefficient (R=0.73) indicates that this variable affects
the swimming velocity more significantly than the vari-
able of the number of strokes. The determinant coeffi-
cient has a value of 0.54, which means that the length of
the stroke influences the swimming velocity with 54%
of the overall variability.
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DISCUSSION AND CONCLUSION

In this paper, based on the analysis of the swim
events in which 30 pubescent swimmers participated,
the influence of the number of strokes and the length
of the stroke on the swimming velocity for the 50 m
freestyle was studied. Tables 1 and 2 shows the descrip-
tive indicators of the measured variables for the 25 and
50 m freestyle. This group of participants, based on the
measured variables, belongs to the group of average
swimmers of this particular age (Latt et al., 2010; Silva
et al., 2012). We can conclude that the swim time for
the second 25m freestyle decreased, but that the swim-
ming velocity remained approximately the same. This
occurrence can be explained by the fact that the start to a
great extent influences the ultimate short-distance swim
time, as well as that the swimming velocity is greatest
precisely at the start (Arellano et al., 1994; Cossor &
Mason, 2001). The number of strokes increased during
the second part of the swim distance, while the length of
the stroke decreased, which can be explained as a con-
sequence of fatigue. The relation between the number
of strokes and the length of the stroke under the influ-
ence of fatigue changes (Toussaint, Carol, Kranenborg,
& Truijens, 2006), so that in order to maintain a certain
velocity, swimmers decrease the length of the stroke and
increase the number of strokes.

Table 3 shows the inter-correlation of the stud-
ied variables. We can conclude that that there is a sta-
tistically significant correlation between the number of
strokes, the length of the stroke and swimming veloc-
ity for the 50 m freestyle among pubescent swimmers.
The obtained results are in agreement with the results
determined in previous studies carried out in this field
(Latt et al., 2010; Tsalis et al., 2012; Morais et al., 2013;
Mezzaroba, & Machado, 2014). The number of strokes
is negatively correlated with the length of the stroke and
the swimming velocity, which means that with the in-
crease in the number of strokes, the length of the stroke
decreases, or more importantly, with the increase in the
number of strokes, the swimming velocity decreases.
This means that for pubescent swimmers, we must deter-
mine the optimum number of strokes for short-distance
swims, since an unnecessary increase would certainly
lead to a decrease in swimming velocity.

The results of the multiple regression analysis indi-
cate that there is a strong correlation between the pre-
dictor and criterion variable (r=0.77), that is, that the
number of strokes and the length of the stroke to a great
extent (59%) influence the swimming velocity of the
50 m freestyle among pubescent swimmers. However,
when we exclude the variable of the number of strokes
(SN50), we determine that the variable of the length of
the stroke (SL50) is independently significantly connect-
ed to swimming velocity (r=0.73), that is, that the vari-
able is to a great extent responsible for the strong corre-
lation between the system of the predictor and criterion
variable. The length of the stroke affects the swimming
velocity significantly more than the number of strokes
among pubescent swimmers, that is, the length of the

stroke is a more significant factor for the swimming ve-
locity for the 50 m freestyle in the case of pubescent
swimmers than is the number of strokes. The obtained
result matches some of the previous studies carried out
in the field (Silva et al., 2012). This data indicate the
importance of working on the stroke technique among
young swimmers. The stroke must enable the optimum
length of movement, which will affect the effectiveness
of the swim, and thus the swimming velocity.

In this study, on a sample of 30 pubescent swimmers,
by analyzing the 50 m freestyle swim events in which
the participants included in this study participated, we
attempted to determine whether, and to which extent, the
number of strokes and the length of the stroke depend on
the swimming velocity. We can conclude that the num-
ber of strokes and the length of the stroke to a great ex-
tent influence the swimming velocity among pubescent
swimmers, while the length of the stroke is singled out
as a factor which more significantly affects the swim-
ming velocity than the number of strokes. These data
indicate the fact that among pubescent swimmers, work
on stroke technique is very important, as is determin-
ing the optimum relation between the number of strokes
and the length of the stroke, on which the effectiveness,
and thus the swimming velocity, depend. However, the
system of predictor variables explains only 59% of the
variability of the influence on the swimming velocity.
For the remaining 41% we must refer to other factors.

The swimming velocity can be affected by mor-
phological characteristics (Toski¢, D., Lili¢, & Toskié,
L. 2013), which to a great extent determine the length,
that is, number of strokes, the start parameters, whose
influence we have attempted to reduce to the smallest
possible extent in this study, functional and motor abili-
ties, etc. Due to a lack of means, and the impossibility of
actually determining them, this study did not include the
abovementioned variables. That is why it is necessary to
include a greater number of variables in future studies,
which could have an impact on the swimming velocity
for the 50 m freestyle among pubescent swimmers, with
the aim of determining the factors responsible for the
remaining 41% of the influence.
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