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Abstract

The aim of the research was to determine the results of the influence of a program
of aerobic exercise on the adaptive processes of functional abilities, and then, through the
application of the discriminant analysis, to determine their significance between the initial
and final measuring. The main goal was to obtain information regarding the significance
of the studied dimensions in the process of the management, modeling, planning and
programming and control of training of the participants from East Sarajevo. The sample
consisted of 46 participants taken from the population of high school students aged 16 and
17 (£ 6 months), with a body height of 156 to 185cm and body mass of 50 to 75kg, who
took part in a two weekly classes of regular physical exercise and three classes of aerobic
exercise. Three tests were used in the study to evaluate functional abilities: 1. heart rate
frequency after load (FPPO), 2. the Margaria test (FMARG) and 3. vital lung capacity
(FVKP). The measuring instruments used to evaluate functional abilities were taken
from the research of Heimar & Medved (1997). The basic statistical parameters were
calculated, as well as the t-test and the multivariate canonical discriminant analysis with
partiality and neutralization of differences in the initial state. The data were processed
using the SPSS 12.0 and Statistika 5.0 programs. On the basis of the obtained results we
can conclude that at the end of the experimental period, we were able to obtain statistically
significant differences in functional abilities under the influence of sports recreational
aerobic exercise.
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tests of functional abilities, canonical discriminant analysis

INTRODUCTION

Aerobic exercise has as its aim to use
physical exercise and specific forms of organi-
zation and work methods as a means to provide
positive transformations of anthropological di-
mensions and increase the level of the motor
knowledge of the subjects. In the realization of
this goal, the physical education teacher plays
the most important role, and is supposed to pro-
vide the necessary conditions for a rational and
purposeful aerobic exercise to take place (Aral,
Vicente-Rodriguez G, Jimenez-Ramirez J, Do-
rado C, Serrano-Sanchez JA, Calbet JA., 2004;
Ward, S.D., Saunders, R., Felton, M.G., Wil-

iams, E., Epping, N.J. i Pate, R.R., 2006).

In the aerobic exercise process, the input
from scientific methodology is necessary for the
determination of the structure of anthropologi-
cal dimensions, their relations and developmen-
tal characteristics as well as the effective pro-
cedures in the application of the work method,
organizational forms, adequate intensity and
extent of the load, and the selection of motor
exercises. This type of approach enables the
use of an optimally programmed and homog-
enized sports recreational process of aerobic
exercise, adapted to suit the individual abilities
and characteristics of the participants (Heimar
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& Medved, 1997; Brown, L., Ferrigno, V. i San-
tana, C., 2000; Przulj, 2012).

The aim of the research is to determine
the results of the influence of the content of an
aerobic exercise program on the adaptive pro-
cesses of functional abilities, and then to use the
discriminant analysis to determine their signifi-
cance between the initial and final measuring in
order to obtain information regarding the sig-
nificance of the studied dimensions in the man-
agement process, modeling, planning, program-
ming and the control of the sports recreational
work involving participants who were all high
school students aged 16 and 17 in East Sarajevo.

The subject matter of the research was the
study of functional abilities in the function of
the realization of an aerobic exercise program
involving high school students from East Sara-
jevo. Functional abilities (anaerobic and aerobic
capacity) have a direct influence on the extent
and character of the manifestation of work abili-
ties during the realization of the program tasks
of sports aerobic recreational exercise and are
indirectly related to morphological and mo-
tor characteristics (Heimar & Medved, 1997;
Przulj, 2007; Milanovi¢, 2007).

METHODS

The sample consisted of 46 participants
extracted from the population of high school
students from East Sarajevo, aged 16 & 17 (£
6 months), with a body height of 156 to 185cm
and a body mass of 50 to 75kg, who took part
into two weekly regular physical education
classes and three classes of sports recreational
aerobic exercise.

Three tests of functional abilities were
used in the study: 1. heart rate frequency after
load (FPPO), 2. the Margaria test (FMARGQG)
and 3. vital lung capacity (FVKP). The measur-
ing instruments for the evaluation of functional
abilities were taken from the research carried
out by Heimar & Medved (1997).

The basic statistical parameters, the t-test
and the multivariate canonical discriminant
analysis were all calculated in order to deter-
mine the hierarchy of the functional tests which
contributed to the difference between the initial
and final measuring of the participants. The data
were processed using the statistical program
SPSS 12.0 and Statistika 5.0.

The characteristics of the structure of sports
recreational aerobic exercise during the
experimental period

The study of the influence of sports rec-
reational aerobic exercise on the adaptive pro-
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cesses of functional abilities was realized over
24 classes and a period of two months as part of
additional physical education classes during the
2011/2012 school year in East Sarajevo. Two
measurements were carried out on functional
abilities: prior to and following the treatment
(the so-called initial and final measuring).

As a part of the planning and the program-
ming of the sports recreational aerobic exercise
program, the goals and tasks were defined, as
well as the timeline for their realization and
the necessary technical and material condi-
tions. The work programming was focused on
the determination of the content, load and work
method for the development of the functional
abilities of the participants. A selection of motor
exercises was carried out along with the dosing
of the load and the distribution of the content in
accordance with the aims and tasks of the pro-
grammed content of aerobic exercise.

The development of anaerobic capacity
was realized primarily through the use of sprint-
ing at maximum speed and an intensity of 70-
90%, in the heart rate frequency zone of 160-170
beats per minute and with full recovery between
the repetitions. This type of work was realized
using an intense exercise with a change in the
rhythm, but with application of an interval work
method. In addition, the short run technique was
also used, including a run forward, backward,
and lateral runs at a distance of 10 - 20 meters;
reactive takeoffs in three directions (on both
feet, alternating left and right and on one foot),
as well as running with a change in direction.
For the development of aerobic capacity, both
fast and slow recreational runs in nature were
used, and long-distance running at a moderate
and quick pace at an intensity of 60-70%, within
the heart-rate frequency zone of 150-160 beats
per minute.

This type of approach to the development
of functional abilities was supported by several
authors (Heimar & Medved, 1997; Brown et al.,
2000; Malacko & Rada, 2004; Ara et al., 2004).

THE RESULTS

The obtained research results of the influ-
ence of sports recreational physical exercise on
the adaptive changes of the participants’ func-
tional abilities were determined using the t-test
for small dependent samples and the canonical
discriminant analysis.
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An analysis of the differences in the function-
al abilities of female participants between
the initial and final measuring carried out by
means of the t-test

Table 1. shows the results of the t-test of
functional abilities between the initial and fi-
nal measuring of the participants. Following an
analysis of the obtained results we can conclude
that statistically significant difference can be de-
termined in all of the tests of functional abilities.

The differences between the initial and final
state of functional abilities of the partici-
pantsstudied by means of the discriminant
analysis

Legend: the squares of the discriminant

coefficient (Eugenvalue), the canonical cor-
relation coefficient (Cannonical R), the values
of Bartlett’s test (Wilks’ Lambda), the extent
of the Chi-square test (Chi-Sqr), the degree of
freedom (df) and the level of significance of the
determinant coefficient (P-Level)

Table 2. shows one of the significant
discriminant factors (Eugenvalue) with a co-
efficient of 1.502 which represents a common
variance of the differentiation of the arithmetic
means of the centroids at the initial and final
measuring of the tests of functional abilities.
The canonical correlation coefficients (R) in-
dicate that the discriminant analysis between
the initial and final measuring of the results of
the functional abilities was carried out with .62.

Table 1. The significance of the differences between the means of
the tests of functional abilities

Measurements Mean(i) Mean(f) T-value p
FPPO 160.55 150.65 2.63 .020
FMARG 3.89 2.72 2.74 018
FVKPL 2600.00 3100.00 2.53 021

The results of the discriminant extent of Wilks’-
Lambda with a coefficient of .300, indicate that
on the basis of the level of significance (P-Lev-
el), the differences between the initial and final
measuring of functional abilities are statistically
significant at the .004 level, which is confirmed
by the value of the Chi-square tests which is
very high (Chi-Sqr = 78.28).

Table 3. shows the structure of the dis-
criminant function of the functional abilities
variables involvement in formation of signifi-
cant discriminant functions. The group centroids
shown here represent the arithmetic means of
the results from the initial and final measuring.
With the aim of checking the effectiveness of

Table 2. The significance of the isolated discriminant function of
the tests of functional abilities

Disc
Func.

Eugenvalue Canonical

Wilks’
R Lambda

Chi-Sqr . df P-Level

1 1.502 62

78.28 3 .004

.300

the experimental treatment, three tests of func-
tional abilities were used, assumed to be suit-
able predictors of the studied space. Displayed
results indicates that the greatest contribution to
the discriminant function was made by the Mar-
garia test (FMARG -.480), and to a somewhat
smaller extent the heart rate frequency after load
(FPPO .412), and least of all, the vital lung ca-
pacity (FVKPL -.308).

Table 3. The factor structure of the isolated
function of the functional abilities tests

Variables Root 1
FMARG -.480
FPPO 412
FVKPL 308
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Table 4. The centroids of the tests of
functional abilities

Measuring Root 1
Initial 1.563
Final -1.563

The results shown in table 4 represent a
discriminant function of the centroids on the ba-
sis of all the tests of functional abilities, with a
value of 1.563 and -1.563. The significance of
the displayed centroid values, which was test-
ed through the significance of the discriminant
function, indicates that their distance (discrimi-
nation) is statistically significant.

DISCUSSION

The model of the tests of functional abili-
ties in this study includes the structure of aero-
bic exercise which requires of the participants
to endure the strain of anaerobic, anaerobic-
aerobic and aerobic work. Aerobic exercise, in
addition to aerobic endurance, which is primary,
viewed from the aspect of motor structure and
work dynamics, also greatly requires aerobic
work such as velocity, movement, short breaks
and the like. What is more significant is the fre-
quency of movement of the loco motor appara-
tus at greater speeds, due to the assumption that
it is precisely when more significant exercise
activity occurs along with the direct influence
on final energy consumption.

Recent findings indicates that the small-
er aerobic capacity abilities of the participants
maintains a high tempo during the aerobic exer-
cise, which leads us to the conclusion that in the
case of exercise, the dominant ability of the par-
ticipants is the release of energy with the help
of anaerobic mechanisms. It follows that for the
ones who exercised it’s enough to possess the
genetic potential for expression of speed-pow-
erful and coordination skills, but not too long
and continuous to support the load of medium
and low intensity.

Results of canonical discriminant analy-
sis in this study show (Table 2.-5.) that the final
compared to the initial state, under the influence
of sports and recreational program of aerobic
exercise there was a statistically significant
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change in functional abilities.

In the research published by the some
authors (Malacko, 2002; Beunen et al., 1992;
Blazevi¢, 1997; Przulj 2007) it has been con-
firmed that an increase in the level of the func-
tional abilities is most suitable if the load in the
sports recreational aerobic exercise suits the
biological and psychological features of the
participants. According to these authors, this in-
cludes a gradual increase in the load in the train-
ing until it reaches the limit of motor-functional
abilities, in order to enable the start of the super-
compensational processes of each individual, as
one of the basic functional reactions of the hu-
man body, on which the adaptive processes are
based, along with the effects and development
of the abilities and features.

The results of scientific research and ex-
perience gained from practice Armstrong, N.
i McManus, A. (1994); Beets, W.M. i Pitetti,
H.K. (2005); Milanovi¢, 2007), have confirmed,
based on a sample of young participants who
took part in the aerobic exercise, that the grad-
ual increase in progressive load in sports recre-
ational aerobic exercise of the development of
functional skills, is especially significant for the
development of the basis for the further wide-
spread development of complex motor skills
which will enable the further realization and
easier transition into the acquisition phase of a
stable motor stereotype of the functional abili-
ties excitation.

A similar approach to the development of
functional abilities through the progressive in-
crease in load was carried out on participants
in this research, as part of extracurricular sports
recreational exercises for the development of
functional abilities.

The results of the canonical discriminant
analysis (table 2.), at the final in comparison to
the initial measuring, indicate that under the in-
fluence of the implemented sports recreational
aerobic exercise, during the final in comparison
to the initial measuring, a positive and statisti-
cally significant changes were determined for
the functional abilities (P-Level= .004). What
especially contributed to this was the imple-
mentation of aerobic exercise during the experi-
mental period, which increased the participants’
ability for a faster and more complete activation
of motor units with a high level of load, which
enabled the increased activity of the agonistic
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muscles and an increase in the strength of the
entire body.

The adaptive changes in the functional
abilities of the participants occurred during the
implementation of selected physical exercise
aimed at increasing functional skills through
the phosphocreatine energy mechanism, the im-
provement in the glycolytic energy mechanism
and the increase in the effectiveness of nerve
structures in specific conditions of the oxygen
uptake.

CONCLUSION

During the two-month period of realiza-
tion of the sports recreational aerobic exercise
program, the influence of the implemented mo-
tor contents on the development of the func-
tional abilities of the participants, female high
school students from East Sarajevo, aged 16 and
17, were monitored. A canonical discriminant
analysis was used to determine that during the
final, in comparison to the initial measuring, a
statistically significant increase occurred in the
levels of all the studied variables of the func-
tional abilities.

We can assume that these positive chang-
es occurred as a result of proper methodologi-
cal shaping of the sports recreational aerobic
exercise during the planning and programming
process, the dosing, distribution and control of
the implemented load, as well as the increase in
the intensification of the training in accordance
with the authentic needs of the participants. The
work done during the process of the realization
of sports recreational aerobic exercise with the
participants contributed to optimal work regime
for individual systems of organs and the body
as a whole, which enabled the rational and ef-
fective process of their adaptation to the imple-
mented load.

REFERENCES

Ara I, Vicente-Rodriguez G, Jimenez-Ramirez
J, Dorado C, Serrano-Sanchez JA, & Calbet
JA. (2004). Regular participation in sports is
associated with enhanced physical fitness and
lower fat mass in prepubertal boys. Int J Obes
Relat Metab Disord, 28, 1585-1593.

Armstrong, N. & McManus, A. (1994). Children’s
fitness and physical activity — a challenge for
physical education. British Journal of Physical
Education, 25, 20-26.

Beets, WM. & Pitetti, H.K. (2005). Contribution of

physical education and sport to health related
fitness in high school students. Journal of
School Health, 75(1), 25-30.

Beunen, G., Malina, R., Renson, R., Simons, J.,
Ostyn, M., & Lefevre, J. (1992). Physical
activity and growth, maturation and
performance: A longitudinal study (Fizicka
aktivnost i rast, sazrevanje i performansa:
longitudinalno istrazivanje). Medicine &
Science in Sports & Exercise, 24, 576-585.

Blazevi¢, S. (1997). Utjecaj razlicito
programiranoga kineziolodskog tretmana
na promjene u pokazateljima motoric¢kih
sposobnosti [Effect of different treatments
kineziolodskog programmed to changes
in indicators of motor skills. In Croatian.]
Proceedings, International Scientific
Conference “Kinesiology - Present and
Future”, Proceedings (pp. 27-31). Zagreb:
Fakultet za fizicku kulturu Sveucilista u
Zagrebu.

Brown, L., Ferrigno, V. & Santana, C. (2000).
Training for speed, agility and quickness.
Champaign IL: Human Kinetics.

Heimar, S. & Medved, R. (1997). Funkcionalna
dijagnostika treniranosti sportasa [Functional
diagnostics of their fitness athletes. In Croatin.]
Proceedings International conference (pp. 23-
44). Proceedings Zagreb: Fakultet za fizicku
kulturu, Sveucilista u Zagrebu.

Malacko, J. (2002. Osnove sportskog treninga —
kiberneticki pristup. [Fundamentals of Sport
Training - cybernetic approach. In Serbian.]
Beograd: IGRO ,,Sportska knjiga“.

Malacko, J. & Rado, 1. (2004). Tehnologija sporta
i sportskog treninga [Fundamentals of Sport
Training - cybernetic approach. In Croatian.]
Sarajevo: Fakultet za sport i tjelesni odgoj,
Univerzitet u Sarajevu.

Milanovi¢, L. (2007): Metodika treninga brzinsko-
eksplozivnih svojstava kod djece i mladih,
Kondiciona priprema sportasa [ Training
Methods of speed and explosive characteristics
of children and youth fitness preparation of
athletes. In Croatian.] Zagreb: Kinezioloski
fakultet Sveucilista u Zagrebu.

Przulj, D. (2007). Kondiciona priprema sportista
[Fitness preparation of athletes. In Serbian.]
Pale: Fakultet fiziCke culture, Univerzitet u
Istoénom Sarajevu.

Przulj, D. (2012). Dijagnoza antropoloskih
obelezja i treniranosti sposrtista Diagnosis
of anthropological traits and their fitness of
athletes. In Serbian.] Pale: Fakultet fizickog
vaspitanja i sporta. Univerzitet u Isto¢no
Sarajevo:

Ward, S.D., Saunders, R., Felton, M.G., Wiliams,



RIK 40(2012) 2:177-183 Przulj, D., et all.: THE INFLUENCE OF SPORTS...

E., Epping, N.J. & Pate, R.R. (2000). high school girls. Health Education Research,
Implementation of a school enviroment 21(6), 896-910.
intervention to increase physical activity in

BJINJAHUETO HA CITIOPTCKO PEKPEATUBHOTO
AEPOBHO BEXBAILE BP3 AJAIITUBHUTE ITPOLIECU HA
OYHKIINMOHA/JMHUTE CIIOCOBHOCTHA

YIK: 796.012.1:373.3-057.874
(Opuzuranen Hay4eH iipyo)

Manko IIpxyss n Bopucias Hnmosuk
Yruseepauitieiu o Ucitiouno Capajeso, @axyaitieiti 3a ¢hu3u1ko 8ociiuitiysarse,
Ilane, PC, bocna u XepyezosuHa

AmncTpakT

LlenTa Ha McTpaxkyBaweTO Oelle fa ce yTBPAM BIUjaHUETO HA MPOTPAMCKHTE COJIPXKUHH
Ha aepoOHOTO BexkOarme Bp3 alallTUBHUTE MPOLECH Ha (DYHKUMOHATHHUTE CIIOCOOHOCTH, a
10TOA CO NMPHUMEHA HAa METOflaTa JUCKPUMUHATHBHA aHaIu3a Jla ce YTBPAU CTaTUCTUIKOTO
3HaUeHEe Ha TOa BIMjaHWE Mery MHHUIUjaTHOTO U (PUHAIHOTO Mepemwe, 3a ToOuBame HH-
¢popManmm 3a UCTPaKyBaHUTE AMMEH3MH BO MPOLECOT Ha YIPaBYyBaKETO, MOIEIMPAHETO,
MJIaHUPAHETO, TPOrpaMUPAETO U KOHTPOJIaTa Ha TpeHaXkHaTa padoTa Kaj WCHHUTAHMII-
UTE - YUYCHUIUTE Off OCHOBHUTE YUMJIMIITA CO BO3pacT of 16 u 17 rogunu (+ 6 Mecenn) BO
Hcrouno CapajeBo. [IpuMepoKOT Ha HCIUTAHUINUTE 32 UCTPAKYBAHETO, OEIlIe COUNHET Off
46 ycnuTaHUIM Off TIOMyJIalyjaTa Ha YUSHUIUTE O OCHOBHUTE yunnuinTa. HusHara tenecHa
BUCOYMHA ce ABmxelre off 156 no 185 cantumerpu, a TeneHara texxkuna op 50 go 75 xuno-
rpaMu. YueHunuTe 6ea omngaTeHu co iBa yaca HEIEIHO CO PEloBHA HAcTaBa Mo (PU3UUKO
BOCIUTYBakl€ U TPU Yaca aepoOHO BexkOamwe. Bo ucrpaxkyBameTo Oea IpUMEHETU TPU TEC-
TOBU 32 TPOIECHYBakhe HA (PYHKIMOHATHUTE CIIOCOOHOCTH: 1. dpeKkBeHIja Ha MyJICOT MO
onrosapyBame (FPPO), 2. Mapruja rect (FMARG) u 3. Buranen kananure Ha 6eJUTe Ipo-
60Bu (FVKP). OBue TecTOBH ce 3eMeHM Off UCTpaKyBameTo Ha Xeumap (Heimar) u Meneen
(Mengen) (1997). IIpumeHeTH ce OCHOBHUTE CTATUCTUYKM MapaMeTpH U t-TECT 3a 3aBUCHU
npuMeponu. 3a YyTBpAyBame Ha XUepapxujaTa Ha pa3IUuKUTE HA (DYHKIMOHATHUTE TECTOBH
Mefy MepemaTra BO MHMIMjajTHaTa U (pMHATHATa COCTOj0a, MpUMEeHeTa € KaHOHUYKA JIHC-
KpUMHUHATHBHA aHaIK3a CO Maplyjanu3anyja Ha pa3IuKUTe BO UHUIjaTHaTa cocTojba. I1o-
JaToLMTe ce 00pabOTeHH Bp3 OCHOBA Ha cTaTUCTHYKaTa mporpama SPSS 12.0 u Statistika
5.0. Coopep oOMEHUTE PE3YNTATU Of UCTPAXKYBAKETO , YTBPHEHO € IcKa PEKPEaTUBHOTO
TEJIECHO BeXKOame CTATUCTUIKM 3HAYAJHO BIIMjaesio Bp3 (DYHKIMOHAIHATE CHOCOOHOCTH Ha
YYEHUIUTE.

Kuy4ynu 360poBu: yueHuyu 00 OCHO8HUIEe yHUAULLILLA,

OOUONHUTNeAHA HACIA8a 110 (PU3U1KO 80CHUILY8atbe,
itlecitiosu 3a (pyHKUUOHAAHU CUOCOOHOCTIU, KAHOHUYKA OUCKPUMUHATIUBHA AHAAU3A.
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