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Articles and Statements

UDC 004.9:796
The Technology to Train Techniques in Sports
Vladimir E. Afonshin 2-* | Valery V. Rozhentsov P

aLLC LEMA, Russian Federation
bInterregional Open Social Institute, Russian Federation

Abstract

The training session of technical techniques is proposed to conduct on the playing ground
where computer-controlled light emitters create allowed and unallowed light dynamic zones.
Each athlete is to be placed in one of the allowed zones and to execute with an implement some
techniques directed with his breast on the light guide mark created outside the allowed zone.
The athlete holding an implement is not allowed to go out of the permitted area. In the course of
the training session unpredictably for an athlete the position, the shape and the area of the
permitted and unallowed zones is changed. The athlete’s going into the unallowed zone or
performing techniques in the position not-oriented on the guide mark is considered to be an error.
If the errors are none, the allowed zone area is reduced and the intensity of the session is increased
until the athlete commits an error. By the minimum square of the allowed zone, the maximum
speed of its movement that the athlete performing the exercise does not commit any errors, they
evaluate the athlete’s technical skill.

The proposed technology facilitates in faster mastering the play technique, unlocking the
individual technical features and enhancing them at any stage of the professional career.
The technology can be used for the technical training of athletes of different professional profiles
specializing in football, hockey, handball, basketball and other sports that require implement
handling.

Keywords: sports, movements technique, techniques, training, methodology of training,
informationt.

1. Introduction

Sport technique is considered to be a set of techniques and actions executed to obtain the
most effective solution of motor problems due to the specifics of a particular kind of sport
(Krivoshchekov, 2007). As early as at the stage of basic training (in the first year) one of the main
tasks in sports education is training the fundamental sport techniques such as motor skills
(Sofronov et all., 2012).
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The conventional methods of technique training have been used for more than 40 years
already, so the problem of the technical skill growth is highly dependent upon the established
system to train the basics of the sport drills through mainly such methods as a description, an
explanation, and a demonstration.

According to M. Vershinin et al. (Vershinin et all., 2013), at the present time, a systematic
approach to the development and improvement of sport technique training methods involving the
search and development of novel technologies is absolutely required. As the technical skills
improve, the opportunities for making the selective impact on certain aspects of the motor function
increases. To provide for many-sided training more coaching tools ought to be applied (Abramov,
2012). For this purpose seeking innovative, more efficient means to build up movement techniques
using information technologies is important. This will allow us to (Ermakov, 2001; Petushinskii,
2006; Luk'yanov et all., 2007):

- master quicker the rational and efficient technology and know how to apply it;

- find an individual technique style;

- modify the technical training at any stage of the athlete’s training starting from the beginner
and to Merited Master of Sports level;

- bring the quality of training in team sports to a higher level;

- facilitate the coach’s work aimed at achieving better results in sports.

The use of information technologies for technical and tactical training in team sports have
been earlier examined by the authors and the method of technical (Afon'shin et all., 2014;
Polevshchikov et all., 2014), tactical actions training by means of simulation play situations in
virtual reality (Rozhentsov and Afon'shin, 2013) and technical and tactical training in team sports
has been proposed (Rozhentsov and Afon'shin, 2014).

The purpose of the work is to develop the techniques training technologies in sports
using information technologies.

The Technology of Techniques Training in Sports

The session to train techniques takes place on the playing ground, where by means of
computer-controlled light emitters, allowed and unallowed light-dynamic zones are created.
Each athlete is to keep staying in one of the allowed zones, execute certain drills with an
implement, focusing with his breast on a light guide mark created outside the permitted zone.
The athlete holding his implement is not allowed to leave the permitted area. In the course of the
training session unpredictably for an athlete the position, the shape and the area of the allowed and
unallowed zones is changed.

Depending on the athlete's proficiency level the speed of transformation and movement of
zones on the playing field is set. For beginners the minimum speed is set and higher qualified
athletes are subjected to more difficult tasks simulating the play with an experienced opposing
player. The error is considered to be committed when the athlete enters the unallowed zone or
performs the technique in the non-oriented to the guide mark position.

If the errors are not committed the area of the allowed zone area is reduced, and the intensity
of the training session is to be increased until the athlete fails to perform the drill correctly.
The minimum area of the allowed zone, the maximum movement speed that the athlete is
performing his drill not making any errors help to evaluate the athlete’s technical proficiency
(Patent..., 2015).

2. Discussion

According to V.I. Prokopenko and V.P. Metyolkin (Prokopenko and Metelkin, 2011), the
researchers studying the problem of children’s physical activity proved that 5-7 year old children
were able to master the sport movements being complex types of motor skills. Therefore, much
attention in the domestic and foreign sports science and practical experience is paid to the
researches related to not only children’s involvement in sports but also to the development of the
scientifically substantiated training methods. In this respect, a special emphasis in training team
sports should be allocated to learning the technical elements (technique) of sport as one of the
main factors of consistency and productivity of the athlete taking part in competitions.

The initial stage of young athletes training in team sports is characterised by a large number
of single-purpose drills performed in standard conditions e.g. on the playing ground or at a low
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speed, without any time constraints, etc. (Lobachev et all., 2011). Then, the techniques are trained
in more complex conditions and finally, in complicated ones close to the real play (Dulibskii, 2010).

At the same time, one of the factors restraining young athletes’ training in team sports
according to A. Dulibsky (Dulibskii, 2010) is the technological infrastructure. This gap in the play
technique is already seen at the early training stages. The methods that have been defectively
applied in infancy continue to be a stumbling block at the time of maturity in sports as well
(Lobachev et all., 2011).

While training young athletes, improved efficiency of play technique and skills mastering in
variative conditions, close to the play ones is required. The process of young athletes’ training
ought to be based on learning and mastering techniques not in isolation from each other, but in
certain combinations, which are most often found in game situations (Lobachev et all., 2011).

It is necessary to modify the structure of motor actions, their dynamics, kinematics and
rhythm to improve the technical qualification. To do this the ‘set’ of movements in the situations
close to the conditions of a competition is to be extended. An important role in solving those
problems belongs to various training devices, facilitating in evaluation and development of both
physical and technical qualifications (Ermakov, 2001). However, both abroad and in Russia those
devices are generally highly specialised and have low functionality. For example, to monitor and
analyse the athlete’s movements they film the movements under study with the video camera, then
the video clips are transmitted to the computer, set the reference points on the athlete’s body or on
the implement in the first frame, track their positions in all the subsequent frames, calculate the
trajectory of reference points movement and analyse them. Such a system facilitates in examining
the athlete’s movements in a confined space, but not in evaluating the speed and intensity of motor
and technical actions in team sports directly on the playing ground (Patent..., 2004).

According to D.A. Leleko (Leleko, 2011), application of the latest technical devices and
information technologies for training sessions helps to develop efficiently the motor abilities,
improve technical skills, and receive immediate and reliable information on the quantitative and
qualitative characteristics of the movements, of the level of the athlete’s technical proficiency and
ensure rapid improvement of the motor skill. Owing to this, it is possible to diversify the training
process and enhance athletes’ excitement.

3. Conclusion

The proposed technology facilitates in quick mastering the rational play technique, unlocking
the player’s individual technical features and improving them at any stage of the professional
career. The technology can be used to quantify the athlete’s proficiency in a wide range of cognitive
and motor tests, which will be the basis for analysing the player’s capabilities and adjusting his/her
training tasks.

The technology can be used for technical training of athletes of different proficiency profiles
who specialise in football, hockey, handball, basketball and other sports played with the
implements.
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YK 004.9:796
TexH0/I0TuA TPEHUPOBKU TEXHUYECKUX IPUEMOB B CIIOPTUBHBIX UT'Pax
Bnaguvup EBrenpeBuu AdoHbpinH?:* , Bayepuii ButranseBuu PorxxeHIIOB b

2000 «JI9MA», Poccutickas ®enepanus
b MeKpernoHaIbHbIN OTKPBITHIN COITUAIbHBIN MHCTUTYT, Poccutickas Oenepanus

AnHoTamuA. TpeHNPOBKY TeXHHUYeCKUX NPUEMOB IIpeJjlaraeTcs MPOBOAUTh HAa HUIPOBOM
1ojie, Ha KOTOPOM CBETOBBIMHU H3JIydaTessIMH, YIPaBJIAeMbIMU KOMIIBIOTEPOM, (POpMUPYIOTCA
paspellleHHble U 3alpellleHHble CBETOJMHAMHUYECKHe 30Hbl. KaK/Iblil CHOPTCMEH JI0JIKeH
HAXOJIUThCSI B OJIHOM W3 pa3pelIeHHBIX 30H, BBINOJHATH 33J[aHHbIE TEXHUYECKUEe IPUEMBI CO
CIOPTUBHBIM CHAapsZI0M, OPHUEHTHPYACHh TPYy[AbI0 HAa CBETOBYID METKY, CO3/1aBaeMyl0 BHeE
paspeleHHON 30HbI, HE BBIXOAUTh U3 PAa3pElIeHHON 30HbI U y/IEp>KUBAaTh B HEH CIOPTUBHBIN
cHapsAA. B mporiecce TpPeHUPOBKH HEMPEACKA3yeMO /I CIOPTCMEeHA MEHSIOT MOJI0KeHue, GopMy U
IUIOIIA/(b Pa3pelIeHHBIX U 3alpelleHHbIX 30H. OmuOKON cuuTaeTcs IMOMAJIaHue CIOPTCMEHA B
3alpelleHHyl0 30Hy WM BBIIIOJTHEHHE TEXHUYECKUX IMPHUEMOB B  TIOJIOXKEHHU  HE
OPHEHTUPOBAHHBIM HAa MeTKy. Ilpm OTCyTcTBMH OMmMMUOOK IUIOMIAZh Pa3pelleHHON 30HbI
YMEHBIIAIOT, 8 THTEHCUBHOCTb TPEHUPOBKY YBEJIMUUBAIOT JI0 TeX IIOP, ITOKA CIIOPTCMEH He CMOXKET
0e30IMO0YHO BBINOJHATH JAaHHOE YIpakHeHHe. Ilo MUHHMAaJIbHOMY pas3Mepy paspelieHHOHN
30HbI, MAKCUMAaJIbHON CKOPOCTH ee IlepeMellleHUs, IPU KOTOPOX CIIOPTCMEH, BBINOJIHAA JAHHOE
ylIpakHeHUe, He JIOIyCKaeT OIINOO0K, CYyJAT O TEXHUYECKON II0/IT0TOBJIEHHOCTH CIIOPTCMEHa.

[IpenyioxkeHHAasT TEXHOJIOTHs IIO3BOJISIET OBICTpEE OBJIAJIETh PAIMOHAIBHON HTPOBOM
TEeXHUKOH, PACKPBITh UHVBU/IyaJIbHbIe TeXHUUeCcKHe 0COOeHHOCTH UTPOKA U COBEPIIEHCTBOBATh UX
Ha JI000M 3Tarne mpodeCcCHOHATIBHOU Kapbepbl. OHA MOXKET WCIIOJIB30BATHCA MPU TEXHUYECKOM
MOZITOTOBKE CIIOPTCMEHOB Pa3HON KBaTU(UKAIIUU, CIEIHATU3UPYIOIUXcs B (yrOoJie, XOKKee,
py4HOM MsAdYe, OackeTOOIe M B APYTUX BHAAX CIOPTA, TAe Heobxoauma paboTa CO CHOPTHUBHBIM
CHaAPSAZIOM.

KiioueBbie cJIOBa: CIOPTHUBHBIE WrPhI, TEXHUKA [IBMKEHUN, TEXHUYECKHUE IIPHUEMEI,
o0OyJeHHe, METOAVKA TPEHUPOBKHU, HH(POPMAIIMOHHBIE TEXHOJIOTHH.
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The Functional State of the Cardiovascular System of Students
with Different Levels of Physical Fitness

Aiman E. Konkabaeva 2-*, Maral Rasol 2
aE.A. Buketov Karaganda State University, Kazakhstan

Abstract

In this article the current functional state of the cardiovascular system of the body of students
that regularly go in for sport and those that are not involved in sports is studied. The cardiovascular
system was eestimated by recording the heart rate variability, and bydefining a work capacity of a
man by Rufe method. A complex estimation of heart rate variability by index of activity of the
regulatory systems of the body was carried out. It was found that students involved in sports had a
moderate and expressed stress on regulatory systems observed in 55 % of cases that composed
more than half of the surveyed students. It may be due to inadequate physical load placed on the
current functional state of the body.

Keywords: adaptation, cardiovascular system, nervous system, students, cardiac rhythm,
regulator system, health, operability.

1. Introduction

In the life of a certain part of the students sport, which to some extent is an anti-stress factor,
takes an important place. Physical activity plays an important role in the formation of body’s
functional reserves. At the same time in Universities training and competitive activity alongside
withthe academic load places high demands on the functionality of the body, which is especially
typical for sport games. Any discrepancy between the volume as well as intensity of physical
activity and adaptive capabilities of the organism can cause a number of changes in functional
systems on homeostatic level, change the regulatory-adaptive status of the body, predetermining
the further course of adaptation (Bersenev, 2008).

Body's resistance to the sports’ training and competition loads, sports results, maintenance of
the favorable dynamics of health state are determineddepending on the nature of the mechanisms
of regulation, the level of physiological reserves and physiological price of adaptation of the basic
adaptive systems of the body. The complex of functional systems, providing final sports’ results,
first of all include the cardiovascular system (CVS), which is the most mobile system in the process
of urgent and long-term adaptation to the muscular load of varying intensity and duration, and
according to the concept of Baevsky R.M. (2005), is an indicator of adaptive reactions of the whole
body (Makarenko et all., 2001: 52-57; Sostojanie..., 1978: 105).

* Corresponding author
E-mail addresses: aiman54@mail.ru (A.E. Konkabaeva)
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Sports training loads, in their turn, have a significant impact on the morphofunctional
development of the circulatory apparatus and, in particular, of the heart, as well as the usefulness
of the mechanisms of its regulation (Tihvinskij, 1991). However, the specialized literature does not
cover issues concerning the dependence of the level of physical fitness on the autonomic regulation
of the heart rate, sports qualification and specialization of athletes, and doesn’t identify informative
criteria for estimation of the functional state of the cardiovascular system. The lack of data on this
issue made it possible to determine the priority areas for further research. The development of
criteria for estimation of the functional state of the cardiovascular system will improve the
efficiency of the training process at stages of long-term improvement, the system of selection of
athletes to the national team to participate in the main events of the season.

Inconsistency level of athletes load requests leads to the development surge cardiovascular
system, the emergence of pre- and pathological changes in organs and systems (Il'in and
Krivoruchenko, 2006). Therefore, the purpose of our research is to study the dynamics of functional
state of the mechanisms of regulation of cardiac activity, level of work capacity of students with
different levels of physical fitness.

2. Research materials and methods

The study involved two groups of 1st year students, male, without bad habits, aged
19-21 years old. The first group consisted of students studying at the Faculty of Physical Education
and Sports, the second — a control group consisted of students from the Faculty of Biology and
Geography, who are not involved in sports. Current functional state was estimated according to the
heart rate variability. Heart rate variability was examined using a computerized complex
«Varikard» (Russia). Estimation of heart rate variability was made using method of mathematical
statistics of Baevsky R.M. (1997). Recording Mode - a short-term, in the supine position (5-minute
recording). The article contains the most informative parameters of heart rate variability (HRV):
total power spectrum (TP), the balance of departments of the autonomic nervous system (ANS) (LF
/ HF), the index of regulatory systems tension (SI), the index of centralization (VLF + LF) / HF
(IC) and the structure of the spectral power (HF, LF, VLF). Statistic data processing was performed
on a PC using Excel program.

3. Results and discussion

Specialists in the field of sports physiology and medicine proved that the cardiovascular
system (CVS) limits the development of adaptive reactions of the organism, and that the
performance of the muscular system depends on its state. Specification of Quetelet index revealed
drop of indicators below normal in 10 % of cases, 90 % of surveyed students had normal indices
(Figure 1). However, the students from the control group had normal Quetelet index in 59 % cases,
below the normal — 29% and 12 % of students had indicators above normal. Students that do not go
in for sports, had downward and upward deviations in fatness. Only 59 % of students in the control
group had normal indicators, while the majority of students regularly involved in sports, had a
normal index of fatness.

100%
80%
60%
40%
20%

0%

AN

Below normal Norm Above normal

m Experimental group  m Control group

Figure 1. Quetelet index in the experimental and control groups of students
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Study of indicators of work capacity revealed that the group 12 %of students who regularly go
in for sport had a good work capacity, and 88 % — average work capacity (Figure 2). In the control
group indicators of work capacity by Ruffier test were as following: good work capacity was
observed at 20 % of students, the average work capacity is not found, satisfactory work capacity —
at 10 % and poor work capacity was observed at 70 % of the surveyed students.

100% m Experimental
group

80%

60% = Control group
()

40%

20%

0%

Figure 2. Indicators of Ruffier test

Thus, students that are not involved in sports, according to the results of our research, had
deviations in the degree of fatness in 41 % of cases, which correlated with a decrease in work
capacity (in 70 % of cases) of surveyed students. Alongside with this, the students that regularly go
in for sports tended to have a normal fatness (in 90 % of cases), which was accompanied by a good
and normal work capacity.

These results indicate that adaptation to physical activity is a dynamic process, which is
based on the formation of a new program of physical development and health. This ability to adapt
to the conditions of a regular training activity depends not only on the existing constitutional
reserves, but also on the volume of training loads of students involved in cyclic sports, the
adequacy, efficiency and stress of regulation mechanisms of the body of students.

Improving the efficiency of the training process of athletes is impossible without improving
the system of estimation of the functional state of the cardiovascular system of students [5].
To estimate the cardiovascular system a number of parameters is used: frequency of heart
contraction (FHC), heart rate, quantity of a minute and pulsatile blood volume, blood pressure,
phase analysis of systole. Of all these indicators the most widely used in the sports practice is the
analysis of FHC and heart rate. Mathematical and statistical characteristics of heart rate have
individual specificity that allows early diagnosis of fatigue and monitor of the adaptation process of
each athlete, to predict sport results, hold the sport selection, as well as use in the management of
the training process in order to optimize the mode of training sessions. Therefore, we examined the
heart rate variability (HRV) of students in the two groups.

In the experimental group average frequency of heart contraction (FHC) of students at rest
was 57 + 4,1 cont./min., it was significantly (p <0.05) lower than the average FHC in the control
group (77 + 7,8 cont./min.).

The total power spectrum (TP) in the experimental group of athletes was high and amounted
to 5328,3 + 2813,1 ms2/Hz. In the control group TP was equal to 7208.1 + 2813.1 ms2/Hz.
Characteristic features of the cardiac rhythm during a 5 min. record was following (Table 1).

12




European Journal of Physical Education and Sport, 2016, Vol.(11), Is. 1 ——

Table 1. Values of structure of the total power spectrum of HRV of students- athletes.

TP, ms2/Hz HF,% LF,% VLF, % LF/HF
Experi | Control | Experi | Control | Experi | Control | Experi | Control | Experi | Control
mental | group mental | group mental | group mental | group mental | group
group group group group group

Median 6792,8 | 30678 | 34,3 36,3 53,3 41,2 25,5 24,5 2,29 1,79

25 percentile | 1901,5 1266,0 12,7 16,2 223 224 5,1 16,4 0,29 0,53

75 percentile | 9487,5 | 25669,5 | 76,9 42,4 86,4 56,7 48,2 58,7 6,81 3,02

In estimation of indicators we usedthe median and interquartile range. The latter is pointed
in 25 % and 75 % percentile. Average value of TR indicators, reflecting the current functional status
of the body was substantially above normal value in both the experimental and the control groups.

45 A
40
35 A
30 A

25 -
20 - m Control group

® Experimental group

15 A
10

HF, % LF, % VLF, %

Figure 3. Indicators of the heart rate variability oftrained and not trained students

The structure of the spectral power of HRV during registration of students at rest was
distributed as follows: the most lowered component at athletes is high-frequency component
(HF-component), reflecting modulating influence of the parasympathetic department of the ANS
on heart rhythm. The predominance of LF and VLF-component in the structure HRV at athletes
indicates the influence of long physical activity, aimed to form stamina, as well as the diminution of
physical fitness. In the control group there is a higher total power spectrum and increase the share
of VLF-component, reflecting the transition from the vegetative level of regulation to a slower
humoral-metabolic one. LF/HF index, which characterizes the balance of the ANS departments,
indicates the predominance of the activity of the sympathetic-adrenal system at athletes (2.29) as
compared with the control group (1.6) (Figure 3).

Complex assessment of heart rate variability can be done according to the index of activity of
regulatory systems (IARS). Analysis of the functional state of regulatory systems revealed that state
the optimal stress of regulatory systems (physiological norm) was observed at 50 % of students in
the experimental group and at 25 % of students in the control group (Figure 4).
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20%
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Figure 4. Complex assessment of heart rate variability by IARS

State of a moderate stress of regulatory systems (prenosological state), when in order to
adapt to environmental conditions a body requires additional functional reserves, in the process of
adaptation to work, under emotional stress or under influence of un favorable environmental
factors, was observed at 12 % of the students in the experimental group and at 62 % of students in
the control group. State of expressed stress of regulatory systems (premorbid state) that is
associated with the active mobilization of protective mechanisms, including increased activity of
the sympathetic-adrenal system and pituitary-adrenal gland system was found at 38 % of the
students in the experimental group and at 13 % of the surveyed students in the control.

The gathered data attest that moderate and expressed stress of regulatory systems in the
experimental group was observed in 55 % of cases, that is more than half. It can be explained by the
inadequacy of the current physical load placed on the functional state of the body. In this case, as a
rule, the main burden falls on the regulatory mechanisms, on account of stressing themadaptation of
physiological responses and CVS metabolism to increasing physical activity is fulfilled. Studies have
demonstrated the need for regular monitoring of the process of physical exercise with a purpose of its
optimization. The survey of students in the control group who are not involved in sports, revealed
changes in the degree of fatness, the low level of work capacity, expressed level of stress of regulatory
systems (75 % of students), indicating diminution of reserve capacity of the body.

In addition, studies have shown that in the experimental group with higher adaptive capacity
of CVS all indicators of physical development and health were higher. Further stress of regulatory
adaptive mechanisms of CVS of students in the control group and some students of the
experimental group may lead to the development of disadaptation processes of the body.
Thus, despite the fact that the major physiological systems providing working in athletic activities
are oxygen transport system, the central nervous system plays an important pole too.
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DYHKIIMOHAJIBHOE COCTOSIHHUE CEPAEYHO-COCYANUCTON CHCTEMbI
Y CTYA€HTOB C Pa3/IMYHBIM YPOBHEM TPEHUPOBAHHOCTH

Antman EpexxennoBna Konkabaesaa: *, Mapas Pacoo a
a KaparanIMHCKUI TOCy/1IapCTBEHHBIN YHUBepCUTET UM. akasieMuka E.A. BykeroBa, Kazaxcran

AnHoTamuA. l3ydyeHo Tekymlee QYHKIUOHAIBHOE COCTOSIHHE CePAEYHO-COCYAUCTOU
CHUCTEMBI OpTraHW3Ma y CTYIAEHTOB PETYJIIPHO 3aHUMAIOIIUXCSA CIIOPTOM W HE 3aHUMAIOIIUXCS
crioptoM. COCTOSIHHE CEPIEYHO-COCYAVCTON CHCTEMBI OIEHHUBAJIOCh C IOMOIIBI0 PETHCTPAINHU
BapuabeJIbHOCTH CEPJIEYHOTO pUTMa, OmpeAeseHus paborocnocobHocTn 1o Pydbe. Briia
IIpOBeZiIeHa KOMIUIEKCHAsI OIleHKa BapHuabeIbHOCTH CEepAEYHOTO pHUTMa IO IIOKA3aTeJIro
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AKTHUBHOCTU pel"y.TIHTOprIX CUCTreM OpI‘aHI/ISMa. BBIHBJ'IGHO, qTo y CTy,ZLeHTOB, 3aHUMAIIINXCA
CIIOPTOM yMEPEHHOE U BBIPAKEHHOE HAIPsIKEHUE PEryJIATOPHBIX CHCTEM HAaOJIIOAaIoChB 55 %
CIy4yaeB, UYTO COCTaBHJIO 0oJiee IIOJIOBUHBI OOC/IENOBAaHHBIX, 3TO MOKET OBITh 00YyCJIOBJIEHO
HeaZIeKBAaTHOCTBIO TPENBABIAEMbIX (PU3NUECKUX HArpy30K TeKylleMy (yHKIIMOHAJIbHOMY
COCTOSTHUIO OpraHU3Ma.

KiaioueBble cjoBa: ajanTaius, CEpPAEUYHO-COCY/IUCTasi CHUCTEMA, CTYIAEHTBI, CepAeUHBIH
PHUTM, PETYJIATOPHAS CUCTEMA, 3/TOPOBbE, pAOOTOCITOCOOHOCTD.
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Abstract

The aim of the current study was the examination of disorders in motor coordination
of 8/9-year-old school aged children and the detection of possible differences in balance
performance between those children assessed with Developmental Coordination Disorder (DCD)
and matched peers. It was found that 20 children out of the total number of 200 participating in
this study, exhibited definite motor difficulties indicating a DCD disorder.The 20 students
diagnosed with DCD were matched one by one with typically developing children participated in a
detailed study of balance control. The main finding of the present study was the ability to control
balance in both Anterior Posterior (A/P) and Medio Lateral (M/L) directions was inferior in
students with DCD than in typically developing children. The findings reinforce the need for the
evaluation of balance performance in school-aged children, in order specific individual motor
profiles to be established for optimizing and adapting appropriate intervention programs.

Keywords: posture, motor performance, motor difficulties, stability, DCD.

1. Introduction

A minimal level of competence in motor skills, ranging from fine coordination to gross motor
coordination and balance skills, is necessary to participate in daily physical activities typical of
young children. However, while some children execute a whole range of motor tasks easily, others
experience considerable difficulties coordinating and controlling their body movements. The latter
children are often diagnosed with Developmental Coordination Disorder (DCD) which has been
described as one of the six most commonly occurring developmental disorders (Kwan, Cairney,
Hay & Faught, 2013).
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DCD refers to a chronic neuro-developmental condition and is characterized by a marked
impairment in the performance of motor skills, with a significant negative impact on the
performance of activities of daily living (APA, 2013). The estimated prevalence ranges from 1.8 %
to 20 % (Lingam, Hunt, Golding, Jongmans, and Emond, 2009) with the most frequently
percentage quoted in literature being 5 % to 6 % (Gaines, Missiuna, Egan & McLean, 2008) for the
school aged population.

The core aspects of the disorder include difficulties in learning new motor skills and
sensorimotor coordination deficits (Geuze, 2005). Among the many sensorimotor problems found
in children with DCD, poor postural control is the most common, demonstrated in 73—87 % of the
DCD-affected population (Macnab, Miller, & Polatajko, 2001). Static balance refers to the ability to
maintain an upright posture and to keep the centre of gravity within the limits of support
(Nashner, Shupert, Horak & Black, 1989).

Children without static balance control lack the stabilizing framework that is necessary to
develop normal functional activities. Since the development of the balance control is the base for
development of all other skills, the ability to maintain postural stability in children with DCD is an
important area that needs to be addressed. The problem requires special attention because any
impairment in balance ability may increase the risk of falls, limit activity participation, and affect
motor skill development (Fong, Lee & Pang, 2011; Grove & Lazarus, 2007).

However, there is increasing evidence that children with DCD often withdraw from physical
activity opportunities as a consequence of their movement incompetence (Bouffard, Watkinson,
Thompson, Dunn, and Romanow, 1996) and they are significantly less likely than their peers to
participate in organized and free play activities (Cairney et al., 2005, Cairney, Hay, Veldhuizen,
Missiuna & Faught, 2010). At early ages, skill deficits may be less noticeable as the movement
demands of play are low. However, skill demands increase with age and children with motor
difficulties fall further behind (Wall, 2004). The result is that low participation delays skill
development which in turn increases withdrawal from active play (Cairney et al., 2010). Thus, early
identification of poor activity and participation is essential to promote successful transition and
integration into the elementary school setting (Wong, 2002).

The attainment of motor skills is a continuous challenge for children (Geuze, 2007),
particularly for those whose coordination is not developing in a typical form. A basic motor action
might represent a troublesome task rather than play and fun for these children, who gradually tend
to withdraw from tasks that include motor coordination demands. Since the effects of DCD appear
to be so far reaching and the early years of life are such an important period of growth opportunity
(Anderson, Shinn, Fullilove et al., 2003), it is important to emphasize early identification and
intervention of young children suspected as, or at risk of, having DCD.

Children with probable DCD have an increased risk of wide-ranging difficulties outside the
motor domain (Lingam et al., 2010). Thus, early identification can lead to education, guidance and
encouragement of children to engage in typical childhood activities and hence decrease the risk of
reduced self-esteem, self-efficacy and social participation (Missiuna, Rivard, and Bartlett, 2003).
Therefore, because motor development of children with DCD is generally slower than that of
typically developing children and presumably this is also true for balance skills, it was considered
crucial for a better understanding of their motor characteristics to examine the possible difference
in static balance between children with and without DCD.

2. Methods

2.1. Participants

The children who participated in this study were sampled from various elementary schools in
Thessaloniki, a big town of Northern Greece. There were 200 children (104 boys and 96 girls) 8-
g years old (mean age 8.43+1.85 months). All children were tested using the tasks from the
quantitative test of neuromuscular coordination of the whole body (Body Coordination Test for
Children BCTC; Korperkoordinationstest fiir Kinder, KTK) (Kiphard and Schilling, 2007, 1974).
It was found that 20 children (13 boys and 7 girls) out of the total number of 200 children
participating in this study exhibited definite motor difficulties indicating a DCD disorder.
The 20 students diagnosed with DCD were matched one by one with typically developing children
according to gender, age, school placement and socioeconomic characteristics, minimizing in this
way the risk of different environmental and educational influences.
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All children had normal-range IQs and no evidence of physical or neurological disorder.
Children with a history of prenatal problems, neurological diseases, sensory disturbances,
premature children and children with epilepsy or other chronic diseases were excluded from the
study. Additionally, information such as motor skill delays and poor coordination interfere with the
performance of self-care activities and academic achievement beyond what would be anticipated,
given their age and intellectual ability was derived from children’s school records and parent’s
reports according to APA’s (2000) recommendations.

All parents or legal guardians provided written informed consent prior to participation
approved by an Institutional Review Board for use of Human subjects, allowing children’s
involvement in the program and access to relevant information.

Testing procedures and instrumentation

Body Coordination Test for Children (BCTC; Korperkoordinationstest fiir Kinder, KTK,
Kiphard & Schilling, 1974).

Actual motor competence of the 200 students from the initial sample was measured by the
Body Coordination Test for Children (BCTC; Korperkoordinationstest fiir Kinder, KTK, Kiphard &
Schilling, 1974), which is designed to evaluate the overall body co-ordination and control of
children from 5 to 14.11 years old. It is appropriate for children with typical development, as well as
for children with developmental disabilities. This test measures the overall body coordination and
control of children, through the measurement of four tasks: balance during walking backwards,
obstacle jump on one foot, sideways movements with initial position and side jumps right-left of
two trials, during which the children had to jump from side to side over a little beam with both feet
together, as often as possible within a period of 15 seconds. The instructions provided at each
participant were the same for everyone in order to avoid influence from internal or external
motivation.

For each of the four items, a raw score (RW) and a scaled score (Motor Quotient score) are
recorded. A total Motor Quotient (MQ=100+15) percentiles, and motor age can be estimated per
item as well as for the global test. A score less than 85 in MQ indicates a serious co-ordination
disturbance (Schilling & Kiphard, 1974). Internal consistency reliability based on test-retest
reliability coefficients, for each item, ranges from .80 to .96. Data collection took approximately
20 minutes to complete for each child.

Balance testing

All balance tests were performed on an EPS pressure platform (Loran Engineering S.r.I.,
Bologna — Italy). The system uses 2304 force sensing resistors in an active area of 70x50 cm to
record plantar pressure at 25Hz. All the participants performed one-leg stance (OLS) with opened
eyes and double-leg stance (DLS) with opened and closed eyes. During the DLS, the children were
instructed to stand erect, as motionless as possible, on a normal comfortable posture, with opened
eyes looking straight ahead at a cross marked at approximately eye level on a black board three
meters away and barefoot with feet shoulder width apart on the platform with the arms by their
sides. Each child was requested to keep a quiet stance posture for 30 seconds. The assessment
included three measurements, and a five-minute rest was provided between successive trials.
The best trial was further analyzed (Ageberg, Roberts, Holmstrom, and Fridén, 2003).
The participants performed the same task with closed eyes. During OLS, the participants were
instructed to stand on their dominant foot, which was placed pointing straight forward in relation
to reference lines in the frontal and sagittal planes. The dominant leg was defined by asking the
children to kick a ball five times (Hopper, Allison, Fernandes, O’Sullivan & Wharton, 1998).

The swinging leg was flexed 90° at the hip and knee joints with both arms hanging relaxed at
the sides (Ageberg et al., 2003). The subjects were instructed to stand as still as possible, looking
straight ahead at a point on the wall 65 cm away. The test order between legs was randomized.
Data recording started once the subject was stable in the required posture. Ample time was
provided for familiarization. If OLS balance was not maintained for ten seconds, the trial was not
recorded and the measurement was repeated. A computer program (Footchecker 3.2, Engineering
S.r.I.,, Bologna-Italy) was used to compute peak-to-peak amplitude (CoPmax) and standard
deviation of the COP from the mean value of COP in antero-posterior (SDy) and mediolateral (SDx)
axis in mm, often defined as sway amplitude. Students executed the test by standing on the
platform in a normal position with the hands next to the thighs and the feet slightly apart. The first
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test included the Normal Quite Stance for 30 seconds and the second test the OLS for 10 seconds.
The COP sway area used in the data analysis was the average from three successful trials for each
participant in each test condition. The larger the COP sway area was, the more the body swayed
and the worse the standing balance was.

Statistical Analysis

For the statistical data analysis the statistical package SPSS 20 was used. All data are
presented as means + SD. The performance on balance tasks (DLS with open and closed eyes, and
OLS) was examined using Independent sample t-tests. The level of significance was set at p<0.05.

3. Results

The independent sample t-test revealed that in M/L direction, CoPmax (t=5.32, p=.000) and
CoPsd (t=3.65, p=.001) in double leg stance (DLS) with eyes open were significantly greater in
children with DCD comparing to children with typical development. In the same task with the eyes
closed, there was also statistically significant difference in both CoPmax (t=3.91, p=.001) and
CoPsd (t=2.58, p=.016). Additionally, statistically significant difference in A/P direction was also
noticed between the 2 groups in DLS with eyes open [(t=2.85, p=.007), (t=3.24, p=.002)] and eyes
closed [(t=4.94, p=.000), (t=3.24, p=.004)] in CoPmax and CoPsd, respectively.

As regards to one leg stance (OLS) task on dominant foot, the Independent sample t-test
revealed a statistically significant difference between the groups in CoPmax (t=4.14, p=.000) and
CoPsd (t=8.11, p=.000) in M/L direction as well as in CoPmax (t=3.27, p=.003) and CoPsd in A/P
direction. The means and SD values of balance tasks, Peak-to-peak amplitude of the center of
pressure (CoP) displacement (CoPmax) and standard deviation of the CoP (CoPsd) in the Anterior
Posterior (A/P) and in Mediolateral (M/L) direction in 3 balance tasks for the children with DCD
and typically developing children are represented in table 1.

Table 1. Peak-to-peak amplitude of the center of pressure (CoP) displacement (CoPmax) and
standard deviation of the CoP (CoPsd) in the Anterior Posterior (A/P) and
in Mediolateral (M/L) direction in 3 balance tasks for the 2 groups

Students with DCD Typically Developing
(n=20) (n=20)
Double Leg Stance with opened eyes (mm)
CoPmax -M/L 24.59 £10.82 11.34 £2.61%
CoPsd -M/L 5.60 £2.06 3.78 + .84%
CoPmax-A/P 18.02 £6.88 13.36 £2.42%
CoPsd-A/P 5.03 +£3.09 2.59 +1.12%
Double Leg Stance with closed eyes (imm)
CoPmax -M/L 22.49 +£10.99 12.51 £3.09*
CoPsd -M/L 5.29 +1.52 4.34 + .64*%
CoPmax-A/P 18.20 £4.40 12.66 +2.39*
CoPsd-A/P 4.24 +2.72 2.21 + .63*
One Leg Stance (mm)
CoPmax -M/L 30.67 +7.80 22,77 £2.52%
CoPsd -M/L 11.98 £2.92 6.11 £1.39%
CoPmax-A/P 38.92 +7.24 23.29 +4.17%
CoPsd-A/P 8.18 +1.93 6.52 £1.19%

* p<.05 pre to post
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4. Discussion

The present study aimed to examine movement difficulties among typically developing
elementary students in Greece and to examine the static balance ability between those children
assessed with Developmental Coordination Disorder (DCD) and matched peers. The Body
Coordination Test for Children (BCTC; Korperkoordinationstest fiir Kinder, KTK, Kiphard and
Schilling, 1974) was chosen for the purposes of this study since it was considered an adequate test
for the assessment of children’s coordinative performance (Graf, Koch, Dordel et al.,, 2004; Graf,
Koch, Kretschmann-Kandel et al., 2004). The results showed that 10 % of the children participating
in this study exhibited motor difficulties indicating the existence of DCD disorder, a percentage that
is similar to previous findings (dos Santos & Vieira, 2013; Tsiotra, Flouris, Koutedakis et al., 2006).

Fundamental motor skills are still improving in developing children. To avoid the variability
of postural control and balance in younger children, the age band selected for this study was
between 8 and 9 years of age, when static balance control reaches adult levels for open-eye
conditions (Taguchi and Tada, 1988) and becomes steadier (Wolff, Rose, Jones, Bloch,
Oehlert & Gamble, 1998). The main finding of the present study was that the ability to control
balance in both Anterior Posterior (A/P) and Medio Lateral (M/L) directions, so far static balance
is described by the CoP excursions, was inferior in students with DCD.

The reduction of children’s with DCD ability to maintain balance has been well documented.
In agreement with previous studies (Cherng, Hsu, Chen & Chen, 2007; Inder and Sullivan, 2005;
Tsai, Wu & Huang, 2008), the results of the present study demonstrated that participants with
DCD display greater CoP displacement than their typically developing counterparts (Table 1).
This result reflects less efficient control of balance in all 3 conditions with increasing difficulty that
were examined.

An absence of differences between children with and without DCD on sway measures when
standing with two legs, either with eyes open or closed, was found in recent studies (Geuze, 2003;
Przysucha & Taylor, 2004). However, in the present study, students with DCD demonstrated
significantly larger sways similarly with recent reports (Inder & Sullivan, 2005; Tsai et al., 2008).
Remarkably, although participants with DCD had significantly larger sway compared to typically
developing counterparts in both two leg stance conditions, there was not larger CoP displacements
in both groups when performed the DLS task blindfolded (Table 1). These observation maybe
explained by the fact that the momentary absence of vision, in both students with and without
DCD, resulted in greater reliance on proprioceptors, rather than on visual afferent inputs in
maintaining balance control.

Poor balance control may indicate a cerebellar impairment. The cerebellum is essential for
the fine motor control of movement and posture and its dysfunction may dislocate balance control.
Balance is supposed to be one of the most autonomously controlled tasks in the motor domain.
It has been suggested that the picture emerges is that non-optimal cerebellar function affects the
development of autonomous control of balance and contributes to the problems that children with
DCD have (Geuze, 2003).

An interesting review by Wilson & McKenzie (1998) using meta-analysis noted that children
with DCD were inferior on most measures of information processing, including visual-spatial
processing, kinaesthetic perception, and cross-modal sensory integration which integrates two or
three different sensory inputs. This finding suggests that the poor motor performance of children
with DCD could result from both a deficit in the individual sensory systems as well as a deficit in
sensory organization. Although the studies under review focused on fine motor performance, the
implication of the finding could potentially generalize to standing balance. However, since one of
the diagnostic criteria for DCD is that no known medical problems can explain the motor
coordination disorder, it is unlikely that the balance difficulty in the children with DCD was due to
a deficit in the individual sensory system.
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No matter what is the proper explanation for balance difficulties in children with DCD, the
fact is that they have reduced performance in all balance tasks that were examined. Since DCD is
known to have immediate adverse effects on children’s day-to-day functioning (both academic and
daily living skills) and significantly impacts on academic, psycho-social and vocational outcomes
(American Psychiatric Association, 2000), studying balance abilities of young children as they
develop throughout their school years emerges as a very important issue.

Children with DCD judge themselves to be less competent than their peers, both physically,
psychologically and socially (Cairney et al., 2005), and are likely to avoid participating in physical
activities in order to avoid experiencing failure and sustaining injuries due to their difficulty in
balance control. Thus, early identification and treatment of children with balance control
difficulties like those in DCD children may help lighten such restrictions. More studies using larger
samples and conducted in different school education regions are needed to ascertain motor profiles
and balance performance of Greek elementary school children before appropriate intervention
programs are applied to deal with DCD occurrence and its negative consequences.

References:

Ageberg, E., Roberts, D., Holmstrom, E., & Fridén, T. (2003). Balance in single-limb stance
in healthy subjects and the effect of short-duration sub-maximal cycling. BMC Musculoskelet
Disorders, 4, 14.

American Psychiatric Association (2013). Diagnostic and Statistical Manual of Mental
Disorders: DSM-5. American Psychiatric Publishing Inc, Arlington, VA, USA.

American Psychiatric Association. (2000). Diagnostic: reliability of testing procedure and
statistical manual of mental disorders (4th text revision). Washington, DC: American Psychiatric
Association.

Anderson, L.M., Shinn, C., Fullilove, M.T., Scrimshaw, S.C., Fielding, J.E., Normand, J., et al.
(2003). The effectiveness of early childhood development programs: A systematic review.
American Journal of Preventive Medicine, 24(3S), 32—46.

Bouffard, M., Watkinson, E.J., Thompson, L.P., Dunn, J.L.C., & Romanow, S.K.E. (1996). A
test of the activity deficit hypothesis with children with movement difficulties. Adapted Physical
Activity Quarterly, 13, 61-73.

Cairney, J., Hay, J., Flouris, A., Mandigo, J., & Faught, B. (2005). Developmental
Coordination Disorder, self-efficacy toward physical activity and play: Does gender matter?
Adapted Physical Activity Quarterly, 22, 67-82.

Cairney, J., Hay, J.A., Veldhuizen, S., Missiuna, C., & Faught, B.E. (2010). Developmental
coordination disorder, sex and activity deficit over time: a longitudinal analysis of participation
trajectories in children with and without coordination difficulties. Developmental Medicine and
Child Neurology, 52, 67-72.

Cherng, R. J., Hsu, Y. W., Chen, Y. J., & Chen, J. Y. (2007). Standing balance of children with
developmental coordination disorder under altered sensory conditions. Human movement science,
26(6), 913-926.

dos Santos, V.A.P., & Vieira, J.L.l. (2013). Prevalence of developmental coordination disorder
in children aged 7 to 10 years. Revista Brasileira de Cineantropometria e Desempenho Humano,
15, 2, 233-242.

Fong, S. S. M., Lee, V. Y. L., & Pang, M. Y. C. (2011). Sensory organization of balance control
in children with developmental coordination disorder. Research in Developmental Disabilities, 32,
2376—2382.

Gaines, R., Missiuna, C., Egan, M., & McLean, J. (2008). Educational outreach and
collaborative care enhances physician’s perceived knowledge about Developmental Coordination
Disorder. BMC Health Services Research, 8(1), 21.

Geuze, R. H. (2007). Characteristics of DCD: On problems and prognosis. In R. H. Geuze
(Ed.), Developmental coordination disorder: A review of current approaches (pp. 9—25).
Marseille, France: Solal.

Geuze, R.H. (2005). Postural control in children with developmental coordination disorder.
Neural Plasticity 12,183-196.

Graf, C, Koch, B., Dordel, S., Schindler-Marlow, S., Icks, A., Schiiller, A., Bjarnason-
Wehrens, B., Tokarski, W., & Predel, H.G. (2004). Physical activity, leisure habits and obesity in

22



European Journal of Physical Education and Sport, 2016, Vol.(11), Is. 1

first-grade children. European Journal of Cardiovascular Prevention and Rehabilitation 11,
284-290.

Graf, C., Koch, B., Kretschmann-Kandel, E., Falkowski, G., Christ, H., Coburger,
S., Lehmacher, W., Bjarnason-Wehrens, B., Platen, P., Tokarski, W., Predel, H.G., & Dordel, S.
(2004). Correlation between BMI, leisure habits and motor abilities in childhood (CHILT-Project).
International Journal of Obesity 28, 22-26.

Grove, C. R., & Lazarus, J. A. C. (2007). Impaired re-weighting of sensory feedback for
maintenance of postural control in children with developmental coordination disorder. Human
Movement Science, 26, 457—476.

Hopper, D., Allison, G., Fernandes, N., O’Sullivan, L., & Wharton, A. (1998). Reliability of the
peroneal latency in normal ankles. Clinical Orthopaedics and Related Research, 350, 159—165.

Inder, J. M., & Sullivan, S. J. (2005). Motor and postural response profiles of four children
with developmental coordination disorder. Pediatric Physical Therapy, 17, 18—29.

Kiphard, E.J., & Schilling, F. (1974). Korper Koordinationstest fiir Kinder. Weinheim. Beltz
Test GmbH. Weinheim, Germany. )

Kiphard, E.J., & Schilling, F. (2007). Korper koordination test fiir Kinder. Uberbearbeitete
und erginzte Auflage. Beltz Test GmbH: Gottingen. Germany.

Kwan, M.Y., Cairney, J., Hay, J.A., & Faught, B.E. (2013). Understanding physical activity
and motivations for children with developmental coordination disorder: an investigation using the
theory of planned behavior. Research in Developmental Disabilities, 34(11), 3691-3698.

Lingam, R., Golding, J., Jongmans, M., Hunt, L., Ellis, M., & Emond, A. (2010).
The association between developmental coordination disorder and other developmental traits.
Pediatrics, 126, €1109-1118.

Macnab, J. J., Miller, L. T., & Polatajko, H. J. (2001). The search of subtypes of DCD:
Is cluster analysis the answer? Human Movement Science, 20, 49—72.

Missiuna, C., Rivard, L., & Bartlett, D. (2003). Early identification and risk management of
children with developmental coordination disorder. Pediatric Physical Therapy, 15, 32—38.

Nashner, L.M., Shupert, C.L., Horak, F.B., & Black, F.O. (1989). Organization of posture controls.
An analysis of sensory and mechanical constraints. Progress in Brain Research 80, 411—418.

Przysucha, E. P., & Taylor, M. J. (2004). Control of stance and developmental coordination
disorder: The role of visual information. Adapted Physical Activity Quarterly, 21, 19—33.

Taguchi, K., & Tada, C. (1988). Change of body sway with growth of children. In B. Amblard,
A. Berthoz, & F. Clarac (Eds.), Posture and gait: Development, adaptation and modulation (pp. 59—
65). Amsterdam: Elsevier.

Tsai, C. L., Wu, S. K., & Huang, C. H. (2008). Static balance in children with developmental
coordination disorder. Human movement science, 27(1), 142-153.

Tsiotra, G. D., Flouris, A. D., Koutedakis, Y., Faught, B. E., Nevill, A. M., Lane, A. M., &
Skenteris, N. (2006). A comparison of developmental coordination disorder prevalence rates in
Canadian and Greek children. Journal of Adolescent Health, 39(1), 125-127.

Wall, T.A.E. (2004). The Third G Lawrence Rarick Memorial Lecture 2003.
The developmental skill-learning gap hypothesis: implications for children with movement
difficulties. Adapted Physical Activity Quarterly, 21 (3), 197—218.

Wilson, P. H., & McKenzie, B. E. (1998). Information processing deficits associated with
developmental coordination disorder: A meta-analysis of research findings. Journal of Child
Psychology and Psychiatry, and Allied Disciplines, 39, 829—840.

Wolff, D. R., Rose, J., Jones, V. K., Bloch, D. A., Oehlert, J. W., & Gamble, J. G. (1998).
Postural balance measurements for children and adolescents. Journal of Orthopedic Research, 16,
271-275.

Wong, D. K. P. (2002). Struggling in the mainstream: The case of Hong Kong. International
Journal of Disability, Development and Education, 49, 79—94.

23



European Journal of Physical Education and Sport, 2016, Vol.(11), Is. 1 ——

Copyright © 2016 by Academic Publishing House Researcher

P ok b Published in the Russian Federation _
* & +  European Journal of Physical Education and Sport I
s +* Has been issued since 2013. ——

ISSN: 2310-0133

E-ISSN: 2310-3434

Vol. 11, Is. 1, pp. 24-30, 2016

DOI: 10.13187/ejpe.2016.11.24
www.ejournal7.com

UDC 612
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Abstract

Considering training as a purposeful educational process that implies scientific planning for
the sake of preparing the players, with their different physical, psychological and skill levels, to
achieve the highest possible levels, it acquired a special character and was implemented into
different important domains to achieve athletic goals at various levels for the development of motor
performance. Many methods are used commonly by most of the trainers, and this led us, as
researchers, to suggest a training programme that is based on the use of a contrastive training
method using weights and plyometrics to achieve the highest degrees of efficiency, through using
strength in different and opposite ways within the training unit or within a set of exercises, while
trying to contribute to the clarification of this way for all types, in general, and applying it with the
volleyball students as a sample representing the research community.

The research process is meant to be conducted through pre and post tests on two groups; one
as the control group and the other pilot. The first sample group underwent a programme
established under the supervion of the professor of the subject, while the second underwent the
suggested programme.

Ultimately we found out through the statistical analysis of the results the existence of
significant statistical differences between the pre and post tests in favour of the pilot group on the
account of the control one. Researchers attribute these results to the impact of the suggested
contrastive training using weights and plyometrics, which leads to the improvement of the ability
to jump through bridging the gap between strength training and speed, using the so-called reactive
prolongation which facilitates and adapts the additional kinetic units in the muscles during the
performance, and gains muscle elasticity, and thus the development of vertical jumping ability,
which contributes to the improvement of the smash skill in Volleyball.

Keywords: contrastive training, vertical jump, smash skill, volleyball.

1. Introduction and problematic of the research

Planning for training in different sport activities became a crucial means for the
improvement of the training state of players, as the great scientific development in the training
methods and preparation of players, having implemented the scientific truths presented by the
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different other sciences including biology, psychology, sociology or technology, led to the
improvement of the training process.

Sport training has crossed huge distances in the way of science, as it moved to the
implementation of different sciences to build its processes and plans. It relies on different training
methods and means, while every method targets specific goals. Mohamed Hassen Allawi (1992)
points out to the training methods as being the different means through which we can develop the
training state of the sport individual to the maximum possible degree.

Volleyball, as one of those mass games that were developed, was also touched by development
through targeting the improvement of its skills which are considered as its characterising aspects.
These skills seem for us characterized by dynamism and excitement, mainly during the defence and
attack phases. It is one of those rich games in terms of technical skills, as we find that they include
scrolling and transmission skills, beating, blocking and reception of the transmission and reception
of balls, and in all of these the movements of the feet play an important role.

The blyometric tarining is known as a training system designed to dveleop the elastic
strength of the muscles, as the muscular sets start to lengthen first under the impact of a given
weight before it starts then to contract to the maximum possible degree. Training with wieghts has
an important role in the developement of the muscular strength of the palyer, as the nature of the
skill performance in this sport requires strength characterized by speed, thence training with
weights is essential among the contents of the training (Hamdi Abdel Munim, Muhamed Sobhi
Hassaneen, 1997).

Essaid Abdelmaksood (1997) mentions that in the contrastive training, there is an attempt of
reaching the maximum degree of efficiency through the use of force in contrastive or sense
opposing ways with the same training unit or a set of exercises, and it is possible to reach the
contrast through the change of weights in an explosive way , or through the change at the level of
the weight or the type of contraction and muscle tension, or from weight to plyometrics
(Zaki Muhamed Hosseen, 2004).

Kheyria Essokri and Myhamed Breeaka (2009) mention that the creative trainer designs
trainings that have a positive effect on the development of his/her players abilities using various
sets of activities within the training unit, and changes in training ways based on individual
differences among the sportsmen, and that the adequate planning for the increase of the weight
leads to reaching the top of the high levels (breekaa, 2009, 10-19).

Through dealing with the previous studies, researchers found out that the use of the
plyometrics and weight training has a great importance in the development of physical aspects.
The previous researchers agreed on the importance of using these two methods to enhance the
muscular ability, mainly the lower limbs of the body and the vertical jumping operation.

Many researchers consider the plyometric training as one of the most frequently used
methods for the dvelepment of strength which is characterized by speed for many sport activities
that require the integration of the maximum force with the maximum speed, as this method helps
in overcoming the problems confronted in the development of strength that is characterized by the
speed, and this is what Hamid Sofiane (2011) mentions copying from Malisux (2006), as he states
that the plyometric training contributes in the improvement of the performance, mainly in activities
that use explosive muscle contractions. As for Rahman, he mentioned that plyometic training at short
term is effecient for for the dvelopment of the musle strength and high vertical jumping and anerobic
abilities, as he adds that on the other hand, that associating plyometrics with trainings using weights
is of a considerable effeciency for volleyball players (Sofiane Hamid, 2011, 01-05).

The problem of research is due to field follow-up in the domain of teaching of volleyball
players in the Physical Education and Sports Institutes, as a lack in the variation and mixture in
modern methods of training was remarked, and mainly for the developuent of special body
characterestics, as though the inclusion of weight training in programmes for some and the
appearance of plyometrics for others, we did not remark any coordination of these different
methods. And on the basis of the scientific observation of researchers, it was found out that
trainers use plyometrics and weightlifting in an absolutely separate way. For this reason this
research comes to try the use of plyometrics and weightlifting in a contrastive way and to show its
impact on the development of the vertical jumping ability in order to perform the smash skill for
the students of volleyball specialty.
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Research procedures:

Research Methodology:

The researcher used the experimental method using two groups, one as experimental and the
other as control.

The research sample:

The research sample included 30 students chosen in an intentional way among third-year
LMD students at the Institute of Physical Education and sports at the University of Oran.
(Exploratory sample (06 students), the control sample group (12 students), the experimental
sample group (12 students).

Tools and methods of the research:

-Arabic and foreign sources and references.

-Physical and skill tests.

-The suggested training programme (contrastive training)

-Statistical instruents.

Statistical instruments:

Pearson correlation R was used as the research’ statistical instrument to study the scientific
basis for the tests used in the research, while the T Student was used to compare the results of the
pre and post tests used for the experimenatl and control groups.The statistical methods are based
on the arithmetic average standard deviation, in addition to the equation of the progress ratio to
know the output throughout the basic experiment in the research.

Used tests:

Test (1): vertical jump to the top from stability "Sargent"

Test (2): vertical jump to the top from movement, "Sargent"

Test (3): Smash test

The main experiment:

The sessions were conducted in the afternoon parts of days, which is the usual time of
training for the samples of this research. Also a training programme was established including a set
of plyometric and weight-lifting trainings through the contrastive method for the development of
vertical jumping for the smash skill for volleyball players, using necessary instruments and means.

The main experiment was applied in the same field and with the same variables apart from
the use of the weight lifting and plyometric trainings in the contrastive way (the independent
variable) which was included in the training unit for the experimental group under the supervision
of the professor, through suggesting 14 training units in addition to the pre and post tests.
Every unit has its own main objective which is the same objective planned by the teacher.

The first phase included 3 weeks and the period of trainings took 16 minutes and the lifting
tension was about 40 % to 60 %, as the number of repetitions for the same exercise varied from
6 t0 10 in 3 to 4 sets with a rest of 60 to 90 seconds.

As for the second phase, it took 4 weeks, and the period of the suggested trainings
18 minutes, as for the lifting tension it varied from 50 % to 70 %, as for the number of repetitions
for each exercise, it ranged from 8 to 12 in 4 to 5 sets with a rest of 60 to 90 seconds.

Comparison of the pre-test sample research results
The Student t-test was used to determine the homogeneity of the two sample groups:
experimental and control, in these tests.

Table 1. Homogeneity of the sample control and experimental results in the tribal test

Statistical Experimental |Control Signifi-

measurement sample sample Calculated T| Tabular T | cance ]s)ilff?iliigf)ie
tests Xi— |Y1 Xo— |Y2 level gg
t test (stabili .
Sargen e.:n.(.s ability), | 25 10.04 |0.28 [0.05 |0.001 No significance

fth .
Sf‘,;f;*:;t:j:)(‘?.nﬁ..e 0.42 |0.06 |0.35 |0.05 |0.003 2.201 0.05 No significance
b
Smash test 12.41 [2.42 [7.33 |2.42 [1.92 No significance

26




European Journal of Physical Education and Sport, 2016, Vol.(11), Is. 1 ——

The sample size 24, degree of freedom (2 n-2) = 22

From Table 1, we find that the calculated value of (T) ranged between 0.001 and 1.92, and all
of them are smaller than the tabular T that is estimated 2.201 at the degree of freedom 22 and the
level of significance 0.05. This means that the difference between the averages is statistically
insignificant, i.e. that members of the two samples are homogenous and that the random
differences that have emerged are only individual differences among them.

Presentation, analysis and discussion of the pre and post tests
Presentation, analysis and discussion of the "Sargent" test (vertical jump from
stability):

Table 2. comparison of the pre and post tests for the experimental and control samples

Degree

Pretest  |Posttest |Calculated |Tabular |Level of| Statistical Collection
The sample T T Sionifi of onifi N
X— Y1 [Xo—[va ignificance | o |significance rate
experimental Statisticcally [%37.14
0.35(0.04|0.48|0.05|3.26 2201 |o.05 . significancant
Control ) : Statisticcally |%21.42
0.28]0.05|0.34|0.06|2.82 significancant

It is remarkable from Table 2 that there are significant differences between the arithmetic
averages for the pre and post tests for the experimental sample group which undertook a set of
plyometric exercises, as calculated (T) was estimated at 3.26 . While for the control sample group it
was estimated at 2.82. These values are bigger than tabular (T) which reached 2.201 at the degree
of freedom 11 and the significance level 0.05. This means that there are significant differences
between the arithmetic averages for the two tests in favor of the post test for both samples, as the
experimental one realized superiority in the arithmetic average of the post test as compared to the
control sample group.

Presentation, analysis and discussion of the Sergent test (Vertical jump from
movement)

Table 3. Comparison between the results of the pre and post tests for the control and
experimental research sample groups

Pre test |Posttest |Calculated [Tabular |Level of Degree Statistical Collection

The sample T T Significance of significance [rate
X1—|Y1 |X2—|Y2 8 freedom |8

experimental Statisticcall 71%

P 0.42/0.06|0.57|0.04|4.74 signiﬁcanca};lt T
2.201 0.05 11 Tt

Control Statisticcally [20%

0.35|0.05/0.42 0.06/3.53 significancant

It is remarkable from Table 3 that there are statistical significances between the arithmetic
averages of the pre and post tests for the experimental sample group, which means that there are
significant differences between the tests in favor of the post test for both sample groups, as the
experimental group outperformed the control one in the arithmetic average of the post test.

Presentation, analysis and discussion of the smash test
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Table 4. Comparison of the results of the pre and post tests for the experimental
and control sample groups

The sample |PXCtest |Posttest galculated $abular Isfve.lﬁ of| }))feg"ee S.tati.i.itical Collection
Xi— V1 Xo— Y2 gnificance | . = |significance |rate
Experimental 1318 278 l19.7 |2.74 |5.71 ngzﬁg;gaj?;t 48.82%
Control 1075 |3.45 |12.73 |2.67]3.72 2.201 10.05 1 S'tati'sticcally 22.36%
significancant

It is remarkable from Table 4 that the value of calculated (T) is 5.71 for the experimental
sample group, while it is 3.72 for the control one, and they are bigger than tabular (T) 2.201 at the
degree of freedom 11 and significance level 0.05. This means that there is a statistical significance
between the arithmetic averages for the pre and post tests, i.e. there are significant differences in
favour of the post test for both sample groups.

Comparison of the results of the post test
In order to know the differences in tests between the two samples; experimental and control,
the Student (T) was used.

Table 5. Differences between the experimental and control groups in the post test

Statistical Experimental |Control
measurements sample sample
Tests Calculated T Tabular |Significance l).lffe‘erence
T level significance
X1i— |11 Xo— |Y2 =

Sargent test (from

stability), "m" 0.48 |0.05 0.34 |0.06(3.95 significance

Sargent test (from the

movement), "m" 0.57 [0.04 |0.42 |0.06 |4.63 2.201  |0.05 significance
b

Smash test 18.5 |2.43 9.08 |2.67 |3.82 significance

Table 5 shows the values of calculated (T) which ranged between 3.82 and 4.63 and all of
them are bigger than tabular (T) which estimated at 2.201 at the degree of freedom 22 and the level
of significance 0.05. This means that the obtained results are statistically significant, i.e. the
individual differences between the members of the two samples become significant.

2. Discussion of the results

Researchers attributed the results of the test of vertical jump from stability to the effect of the
suggested contrastive training using weights and plyometrics, as it led to the improvement of the
ability of jumping through bridging the gap between strength exercises and speed ones, using the
so-called “reaction prolongation” which facilitates and adapts additional movement and muscular
units in the muscles during performance. Moreover, it offers the muscle elasticity. Thus, the
performed sequenced models of exercises in a medium tension confirmed the positive output and
the efficient effect on the muscular system through the development of the relation between the
maximum strength and the explosive one of the lower limbs. Thence, the development of the ability
of vertical jumping improves the smash skill in volleyball, and this matches the study of Ibrahim
Adel (1993) which confirms the importance of the use of muscle strengthening exercises in addition
to the plyometric training for the development of a better muscular strength.

The outperformance of the experimental group over the control one which is confirmed by
the progress ratios in the Sergent test from movement, as it reached 35.71 % for the experimental
group and 20 % for the control one, is attributed by the researcher to the effect of the optimal
choice of the suggested exercises to the experimental group in order to develop their ability of
vertical jumping. These exercises are a set of different jumps in a medium tension, and that proved
their positive effect on the muscular system while developing the explosive strength of the lower
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limbs for the sake of developing the ability of vertical jumping in order to improve the smash skill
in volleyball.

According to the obtained results we see that the trainings used led to the development of the
muscular ability of the legs, and this is what Hamed Sofiane (2011) mentioned reporting from
Rahmane (2005), as he mentioned that the plyometric training at short term is efficient for the
development of the muscular strength and the vertical jumping and the anaerobic abilities. As he
ads, on the other hand, that when the plyometric training is linked to weight lifting trainings, it
proves efficiency for volleyball players.

Said Abelmaksood (1997) points out to the fact that contrastive training using weights and
plyometrics increases the speed of movement performance through the increase of muscles ability to
contract in a faster and more explosive average throughout the movement’ term within the
articulation and in the fullest movement’ speed. In addition to that, the high tension use in these
exercises leads to the improvement of the agreement within the muscle and among the sets of
muscles and that leads to the improvement of the level of strength without increasing the weight of
the muscle.

The percentages of the outperformance in the test of the smash reached 49.07 % for the
experimental group, while for the control one it reached 23.87 %. This means that the members of
the experimental group realized the best results in the post test as compared to the members of the
control group, this is due to the inclusion of exercises targeting the development of the explosive
strength of the lower limbs for the experimental group, and thus the development of the jumping
ability and the improvement of the smash skill in volleyball. The sequenced samples of the
plyometric exercises performed in medium tension, in the form of a set of different plyometric
jumping exercises, confirmed the positive output and the efficient effect on the muscular system
through the development of the maximal strength and the explosive one of the lower limbs, and
thence the development of the vertical jumping ability which contributes to the development of the
smash skill in volleyball.

And this goes with the study of Atef Rashad (1995) which insists on the appropriate
application of the physical exercises (repetition, density, adequacy and tension). Hamed sofiane
(2011) also pointed to the same idea reporting from Malisoux (2006), stating that plyometric
training contributes to the improvement of performance mainly in activities that use explosive
muscular contractions. Rahman (2005) pointed to the idea that short term plyometric training is
efficient for the development of the muscular strength and vertical jumping and the anaerobic
strength.

Researchers consider vertical jumping as crucial in volleyball, and this is obvious throughout
the results obtained from the smash test which reflects the interrelation between vertical jumping
and performance. Thence, the betterment that took place resulted from the respect of the training
scientific basics in dealing with students of the specialty through the adequate increase of the
training weights, the period of permanence and continuity of the training and its repetition and
period (number of weeks).

3. Conclusion

In the light of the experimental sample group and the instruments and means that were used,
in addition to the results that we obtained, we can state the following conclusions:

- The suggested contrastive training programme has a positive effect on the variables that are
under research.

- The existence of statistically significant differences between the pre and post measurements
of the experimental sample group in favour of the post measurement.

- The existence of statistically significant differences between the experimental and control
samples in the post measurement in favour of the experimental one.

-The contrastive training method using weights and plyometrics is one of those efficient
methods for the development of the muscular ability and vertical jumping for volleyball players.

- The contrastive training method using weights and plyometrics has an efficient effect and a
positive output on the development of the vertical jumping and the smash skill in volleyball.
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