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Abstract

Introduction. Control of specific performance indicators makes it possible to obtain the necessary information for
determining dominant characteristics to program sports training taking into account the stage of advancement of sports
and athletic performance prediction. Therefore, the aim of the study was to determine the most relevant specific
performance indicators in athletes aged 15-16 years practicing the pole vault. Material and methods. The study involved
10 athletes at the first stage at the age of 15 and at the second at the age of 16 practicing pole vault, in the following clubs
S.L. WKS, “Zawisza” Bydgoszcz, “Gwardia” Pila, “Slask” Wroctaw. The study was conducted under training conditions
and athletic competition in 2008-2009. The study utilized the method of pedagogical observation and case study.
The research tools used involved evaluation of physical fitness and athletic fitness and sporting achievements, conducted
during the competition period. To analyze the research results basic statistical methods were used. Conclusions. Special
fitness growth dynamics indicators were determined, and analysis of the correlation of these indicators with the sporting
achievement was performed. The highest correlation with the pole vault of 0.92 was recorded in an attempt to “fly” over
the bar with rollover backwards while doing a handstand. A similar correlation of results was also shown by the special
fitness analysis of three competitors with the best results in pole vault. However, in trials of running speed and muscle

strength, each of the tested pole vaulters was characterized by an individual development profile.
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Introduction

For many years, coaches, athletes and scientists carry out
joint efforts to optimize the training process aimed at obtaining
most favourable sports results. They are associated mostly
with the use of modern technological capabilities, resources
and training methods tailored to individual psycho-physical
abilities of athletes, body treatment, and monitoring of stress
reactions [1, 2, 3, 4].

Each sport has specific requirements ensuing from sporting
competition that ensures the best results in the international
arena.

Pole vault is one of the most spectacular athletic compe-
titions characterized by the complex structure of movement.
A particular difficulty lies in the obtaining of appropriate
running speed to transfer appropriate kinematic energy to the
pole and use it to move the body upwards on the deformable and
flexible pole, in order to fly over the bar as high as possible.

These requirements may be met by athletes with excep-
tional abilities in the field of time and space orientation,
differentiation of movement parameters, rhythmicity, respon-
siveness, stability, body balance, precision of movement, proper
motoric and mental preparation [5, 6, 7].

Control of these predispositions makes it possible to obtain
the necessary information for determining dominant charac-
teristics to program sports training taking into account the stage
of advancement of sports and athletic performance prediction
[8,9,10,11].

Most authors [12, 13, 14, 15] believe that increasing of
sporting performance requires special measures, developing
motoric skills and bodily functions in a certain direction neces-
sary for the sporting discipline.

The aim of this study was to determine the most relevant
special fitness indicators in athletes at the age of 15-16 years
practicing the pole vault.

Material and methods

The study involved 10 athletes at the first stage at the age
of 15 and at the second at the age of 16 practicing pole vault, in
the following clubs S.L. WKS, “Zawisza” Bydgoszcz, “Gwardia”
Pita, “Slask” Wroctaw. The tests were held twice, at the be-
ginning and at the end of the 2008-2009 training year. The fists
tests were held in October 2008, and the second one was held
in May 2009.

The athletes attended training sessions in their clubs 4 to 5
a week. One training session was approximately 90 minutes
long. At school they had 3-4 hours of physical education per
week, with emphasis on developing general fitness.

In the course of the research, the method of pedagogical
observation and case study were used.

The studies included: assessment of physical fitness and
sporting achievements, conducted during the competition
period.

In order to determine fitness tests we used a system of con-
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trol indicators appropriate to the sporting discipline —i.e. pole
vault [16]:
1. running speed over a distance of 30 m with high start

(s),

2. running speed over a distance of 15 m with 20 metre
run-up (s),

3. running speed over a distance of 15 m with 20 metre
run-up with pole (s),

4. running speed over a distance of 15 m with 20 metre

run-up with “putting” the pole (s) and individual 5 m

sections of the run (points 5, 6, 7),

0-5m (s),

5-10m (s),

10-15m(s),

strength —measured by long jump from base (cm),

explosive strength — measured by long jump 20 m

run-up (cm),

10. shoulder girdle muscle and arm strength — as measured
rope climb-3m (s),

11. shoulder girdle muscle and arm strength, pull-ups
(number of pull-ups),

12. muscle strength of back and shoulder girdle — mea-
sured by lifting the foot up to a hanging bar — training
machine,

13. muscle strength of back and shoulder girdle — mea-
sured by lifting the foot up to a bar while overhang with
straight arms 5x the time (s),

14. shoulder girdle muscle and arm strength, pull-ups 5x —
with time measured (s),

15. coordination and explosive strength measured by
“flying” over the bar with rollover backwards while
doing a handstand (from mattress) (cm),

16. strength — measured by throwing a 4 kg ball back over
one's head (m),

17. pole vault test (cm).

Before the trials the subjects were informed in detail as to
how the trials were to be held, and directly prior to the trials the
trainer conducted a fifteen minute warm-up.

A detailed analysis of athletic performance was based on
a report of the official competition. The accumulated research
material was thoroughly analyzed using statistic methods,
taking into account the minimum, maximum values, mean and
standard deviation of the parameters studied, the percentage
difference in the results of 15 and 16-year-old athletes, com-
parison of the results of individual physical fitness tests at the
beginning and at the end of the annual training cycle was
performed using the t-Student test for dependent samples.
Differences with a significance of p<0.05 were considered
statistically significant. Person correlation coefficients were
calculated.

CeNea

Results

When analyzing the results of the special fitness of 15-16 ye-
ars pole vaulters within an annual training cycle one can see an
improvement in all control indicators (Tab. 1). The second stage
of the study also showed reduced differentiation in special
fitness results. In the 15 metre run of 15-year-old athletes the
best score of 3.8 sec, and the lowest 4.49 sec, with an average
value of 4.24 sec and a standard deviation of 0.23 sec. After
a year of training the best result was improved by 0.06 seconds
and the lowest by 0.18 sec (from 4.49 to 4.31 sec). On average
in 30 run the pole vaulters improved by 0.17 seconds.

In the 15 m run without a pole, with a pole and with
“putting” the pole, the standard deviation among 15-year-olds
was at 0.8-0.11 sec, and in the case of the 16-year-olds it was
0.7-0.9 sec. This indicates a lower dispersion of the results.
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The biggest improvement between the first and second stage of
the study was made in the run with “putting” the pole, it was
7.34%. The distance divided into three - five meter sections also
showed progress of the athletes ranging from 5.33 to 7.14%. It is
worth noting that the running speed on the third section fell
(both in the first and second trial), in which the player “puts”
the pole in the box.

In the case of the long jump with run up the athletes
improved their results by 16 cm (2.92%). The results show a
clear diversity, which at the first stage was 113 cm, and 88 cm at
the second stage.

In the 3 m rope climb attempt progress of results of 9.22%
was seen. Despite the improvement in both the worst and the
best results, one should emphasize their considerable disper-
sion. The best pole vaulter climbed the rope in 3.31 seconds,
and the worst one in 8.02 sec. The results of the other strength
tests evaluated based on the number pull-ups and the time
taken to do 5 pull-ups were similar. At the first stage of the study
the minimum number of pull-ups was 6, and in the second it
was seven. The maximum value obtained in the both stages was
17 pull-ups. In the five pull-ups trial, the group of pole vaulters
improved their performance by 0.5 sec (6.97%) on average.

The greatest degree of change between the first and second
stage of the research (14.84%) was in the lifting of legs up to
a bar. This trial shows significant variation of results. One of the
athletes only once could properly raise his feet to the bar with
the group average being about 3.5 and the best result being
7 repetitions.

The results of five fold lifting of feet to the bar as quickly
as possible (comparing the two stages) did not show high per-
centage changes (1.19%). Despite this the average improvement
in group of 0.25 seconds should be regarded as satisfactory.
It can be clearly seen in the case of the athletes with inferior
results performance (e.g. the weakest competitor improved his
result by 1.35 seconds).

In the attempt to “fly” over the bar with rollover backwards
while doing a handstand, due to the specific requirements for
the proper motoric preparation and technical skills, a small
progress of the results was noticed —i.e. 2.42%. At both stages of
research, there was a clear dispersion of the results. This is well
demonstrated by the standard deviation of 20.98-22.05 cm, and
the result of the spread between the minimum (35 cm) and
maximum (95 cm in the first stage and 90 cm in the second stage
of the study).

The greatest dispersion of results was noticed in the case
of pole vault. At the first stage of the study standard deviation
was 42.44 cm and 37.75 cm at the second stage. In the case of the
15-years-old pole vaulters the difference between the best and
the worst result was 130 cm, while in the case of the 16-year-
olds it was 90 cm. As a result of training the athletes improved
their results by an average of 24 cm (6.98%). The best result
among the 15-years-old athletes was 410 cm, and in the case
of the 16-year-olds was 420 cm. The worst results were respec-
tively 280 and 330 cm.

A significant increase in special fitness results at second
stage of the study occurred in 7 of 17 controlled trials, namely,
in the 15 m run and the 15 m run with the “put”, and each of 5 m
sections of the run, in the long jump from base and also in the
throw of 4 kg ball backwards over the head (Tab. 1).
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Table 1. Results of special fitness tests of 15 and 16-year-old pole vaulters

: Statistical | 15years | 16years % p
No. | Fitness tests values A B difference AB
1. 30 metre Average 4.24 407 40 0.0881
run (s) SD 0.23 0.17
Min 38 3.74
Max 449 4.31
2. 15m Average 191 1.83 419 0.0386*
run (s) SD 0.08 0.07
Min 1.81 1.75
Max 2.10 1.98
3! 15m Average 197 1.92 2.54 0.2488
run with pole (s) SD 0.09 0.09
Min 1.85 1.80
Max 2.19 2.05
4. 15m Average 2.18 2,02 7.34 0.0033*
run with pole SD 0 0.08
with "put" (s) Min 201 1.91
Max 2.38 2.18
5, 05mis) Average 0.70 0.65 7.14 0.0006*
SD 0.03 0.02
Min 0.64 0.62
Max 0.75 0.69
6. 510m s) Average 0.72 0.67 6.94 0.0023*
SD 0.04 0.02
Min 067 063
Max 078 0.72
7. 10-15m (s) Average 0.75 0.71 5.33 0.0184*
SD 0.04 0.03
Min 0.70 0.66
Max 0.85 0.77
8. long jump Average 261.00 270.22 353 0.0481*
from base SD 11.79 5.67
(cm) Min 241.00 259.00
Max 284.00 276.00
9. long jump Average 557.60 573.89 292 0.2967
with run up SD 32.86 33.01
(cm) Min 496.00 537.00
Max 609.00 625.00
10. climbing Average 6.83 6.20 9.22 0.3997
3m SD 1.69 1.50
rope (s) Min 437 331
Max 9.27 8.02
11. pull ups Average 10.70 11.44 6.92 0.6640
(number) SD 4.06 3.17
Min 6.00 7.00
Max 17.00 17.00
12.| raising feet to the bar,[ Average 3.10 3.56 14.84 0.5822
training machine SD 191 1.59
(number) Min 1.00 1.00
Max 7.00 6.00
13.| raising feet to the bar,[ Average 6.71 6.63 1.19 0.8535
5 x with SD 1.05 0.70
time measured Min 5.62 5.66
(s) Max 8.86 7.51
14. pull ups Average 117 6.67 6.97 0.2792
5 x with SD 1.04 0.90
time measured Min 6.03 5,02
(s) Max 8.69 7.54
15.] "fly" over bar with | Average 57.50 58.89 242 0.8898
rollover backwards SD 20.98 22.05
while doing handstand] ~ Min 35.00 35.00
on mattress (cm) Max 95.00 90.00
16.| throwing 4 kg ball | Average 12.75 14.04 10.12 0.0070*
backwards SD 0.69 1.12
over head (m) Min 11.32 12.89
Max 13.86 16.25
17. pole vault Average 347.00 311.22 6.98 0.2082
result (cm) SD 4244 31.75
Min 280.00 330.00
Max 410.00 420.00
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The correlation analysis performed between the perfor-
mance indicators and a special fitness results of pole vaulters
(significance level p<0.05) reveals some characteristics that
result from the training program and level of sport (Tab. 2).
Noteworthy is a very high degree of correlation with the
sporting result (0.98) “fly” over the bar with rollover backwards
while doing a handstand. This relationship probably stems
from the fact that the above exercise, like pole vault requires
coordination of technical skills and motoric skills and spatial
orientation in time.

High correlations with the sporting result — i.e. 0.53-0.73
were observed in the attempt of 5 fold raising of feet to the bar
and the 5 pull-ups as fast as possible, throwing 4 kg ball
backward over one's head (0.68) 30 metre run (-0.64), and
climbing.

Table 2. Results of correlation analysis of physical fitness results
of 16-years-old athletes with highest level of significance with
the sporting result in pole vault

No. Physical fitness test Pole vault result
1. | 30 metre run (s) -0.64
2. | climbing 3 m rope (s) -0.53
3. | lifting of feet to bar training machine (number) 0.60
4. | lifting of feet to bar 5 x with time measured (s) -0.73
5. | pull-ups 5 x with time measured (s) -0.70
6. | “fly” over the bar with rollover backwards 0.98
7. | 4 kg ball throw over head (m) 0.68

The lack of significant correlation between the sporting
results, and the 15 m run without a pole, run with “put” pole,
running three 5-meter sections and long jump from base and
long jump with run up, prompted us to further analyze the three
athletes who achieved best results in pole vault (Tab. 3).

The B.M. competitor who had a result of 420 cm in pole
vault was the best among his peers also in the “fly” over the bar
with rollover backwards (90 cm), the pull ups with time
measured (5.96 sec), the number of pull ups (13 times), 3 m rope
climbing (5.03 sec), 15 m run without pole (1.78 seconds) and
with pole (1.80 sec) and the 5 m distance (0.62 sec). In the other
trials his scores were below the mean value of the group.

The W.P. competitor, who had a result of 410 cm in pole
vault, was third best in the “fly” over the bar with rollover
backwards - 80 cm, which was 21 cm above the group's average.
He was also 32 cm better than the average group result in the
4 kgball throws over head. In the run trials and in the remaining
strength and speed tests his results were below the group's
average.

The A K. competitor, similarly as the W.P. one has his pole
vault result of 410 cm, and was second in the “fly” over the bar
with rollover backwards — 85 cm. His results were above the
group's average in the 15 m run without pole (1.82 seconds)
and with a pole (1.87 seconds). His results in the running
contests 0-5 m (0.66 seconds), 5-10 m (0.65 seconds), 10-15 m
(0.71 seconds) were close to the group's average. In the other
fitness trials his results were below the group's average.
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Table 3. Results of special fitness tests of three 16-year-old athletes
with best pole vault results

Age Average|  Tested competitors

No. Fitness test group
(years) | Cuts | WP | BM. | AK.

1. 30 metre run (s) 16 | 424 | 446 | 425 | 436
16 | 407 | 431 | 415 | 421

2. 15mrun (s) 15 | 191 | 21 | 181 | 192
16 | 182 | 198 | 178 | 1.82

3. 15 m run with pole 15 | 197 | 219 | 185 | 196
(s)
16 | 192 | 205 | 18 | 1.87

4. 15:m run with pole 15 | 218 | 224 | 231 | 219
with "put” (s)
16 | 202 | 218 | 205 | 202

b. 0-5ms) 15 | 07 | 073 | 075 | 071
16 | 065 | 069 | 062 | 066

6. 5-10m(s) 15 | 072 | 074 | 072 | 07
16 | 067 | 072 | 068 | 065

7. 10-15m (s) 15 | 075 | 077 | 08 | 078
16 | 071 | 077 | 071 | o7

8. long jump 15 | 261 | 241 | 258 | 261
from base (cm)
16 | 270 | 268 | 259 | 271

8. _ long jump 15 | 557 | 496 | 537 | 531
with run up (cm)
16 | 573 | 537 | 541 | 567

10. climbing 3 m rope 15 | 683 | 927 | 7.73 | 842
(s)
16 | 62 | 802 | 503 | 713

11. pull ups 15 10.7 6 n 9
(number)
16 1.4 7 13 10

12. raising feet to the bar 15 3.1 ) 1 3
- training machine
(number) 16 35 3 2 3
13. raising feet to the bar 15 67 | 768 | 743 | 7.04
5 x with time measured
(s) 16 6.6 706 | 632 | 7.03
14. pull ups 15 | 717 | 869 | 818 | 7.79
5 x with time measured
(s) 16 6.67 | 747 | 596 | 7.38

15.[ "fly" over bar with rollover 15 57.5 70 55 55
backwards while doing
handstand on mattress (cm) 16 | 5889 | 80 90 85

16. throwing 4 kg ball backwards 15 1275 | 13.29 | 12.95 | 13.86

over head (m)

16 14.04 | 14.36 | 13.39 | 12.93

17. pole vault 15 | 347 | 370 | 410 | 380
result (cm)

16 3an 410 | 420 | 410

p - significance level; *p<0.05
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Discussion

Model studies concerning the control of the training process
include convincing knowledge of advisability of different
approaches in the selection of indicators to assess the control of
psychophysical predispositions of athletes in individual sports
at different levels.

Experts [6, 7, 10, 12, 17] emphasize the fact that the assess-
ment of motoric functions of the players often involves simple
motoric tests, which provide insufficient information, and they
justify the need for a comprehensive approach to not only
identify potential motoric skills, but psychological or func-
tional predispositions of players.

Researchers [13, 15, 18] indicate that further increasing of
sporting level requires special measures and developing
training methods in the direction necessary for the discipline
and competition functions, motoric abilities and motoric skills.

Comparing the results of 15-16-year-old athletes to the
previously presented results of 11-14-year-old pole vaulters
[19], one can see greater dynamics in the evolving of achieve-
ments among younger athletes. For example, in an attempt
toclimb a 3 mrope the improvement in results among the 11-14-
year-olds was at 43-49%, while in the case of the 15-16-year-
olds it was 9.22%. In the pull up trials the result improvement
among the younger pole vaulters was 27-29% and in the case
of the older ones it was just 7%. Also similar were the dynamics
of results improvements in the long jump from base and the
15 m run with pole, with 20 m run up, with 11-15% change in
the case of the young pole vaulters and about 3% change in the
case of the older pole vaulters. It is worth noting that in the case
of the 11-14-year-olds and the 15-16-year-olds the rate of
improvement in the 30 m run, 15 m run without pole and run
with “put” and over the sections of 0-5 m, 5-10 m, 10-15 m was
similar—i.e. 4-7%.

The dynamics of athletic performance improvement in pole
vault are very interesting. In the case of 12-14-year-old athletes
at every stage of the study a systematic improvement could
be seen —1i.e. 20 cm increase in mean values with little variation
in the group (SD 2.5-4.78 cm). The best result was obtained by
a 14-year-old who achieved result of 285 cm with the group's
average being 250 cm. In the case of the 15-16-years-old pole
vaulters the best result was at the level of 410-420 cm with the
group's average of 347-371 cm.

Conclusions

e Analysis of special fitness skills over one year training
cycles (of 15-16-years-old pole vaulters) showed improve-
ment in all controlled indicators.

¢ At the second stage of the study small diversity of special
skills results were noticed.

e A very high degree of correlation of strength and speed
results with the sporting results was found. The greatest
correlation was found in the case of the “fly” over the bar
with rollover backwards while doing a handstand (0.98).

¢ The competitor obtained the best score in pole vault (BM),
also was the best among his peers in the “fly” over the bar
with rollover backwards while doing a handstand and in
pull ups with time measured, the number of pull ups,
climbing 3 m rope, 15 m run with and without pole.
The other two athletes were the 2" and the 3" in the “fly”
over the bar, while in the subsequent trials they were above
as well as below the mean value of the group.

Analysis of the results showed that the best indicators of
15-16-years-old pole vaulters included:

¢ “fly” over the bar with rollover backwards while doing
ahandstand,
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5 x pull up with time measured and raising feet to the bar on
atraining machine,

5 x raising feet to the bar, with time measured,

throwinga 4 kgball over head,

30 metre run,

climbing 3 mrope.

The analysis of the special fitness of pole vaulters in relation

to their results obtained in competition reinforces the belief that
information about strength, speed and coordination abilities in
relation to the time and space orientation as well as technical
skills of players will not only help the coach to develop an
optimal sports training process providing for individual
capabilities of the athletes, but also to program sporting results.
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