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ANCTPAKT

Lunsb ose ctyaumje 6mo je ga ce ucnutajy edpektn 12-HepesbHor nporpama Bexbarba
33aCHOBAHOM Ha CHasW U U3APXK/BUBOCTU Ha dyHAAMEHTaNHEe MOTOPUYKE BeLUTUHE
(PMB) peue npepwkonckor yspacta. YkynHo 47 peue je cayvajHum mn3bopom
pacrnopeheHo y ekcnepumenTanHy rpyny (EF; n = 25, npoceyaH y3pact 6,3 + 0,3 roau-
He) 1 KoHTponHy rpyny (KI; n = 22, npoceyaH y3pact 5,9 + 0,3 roauHe). El je nssoau-
Nna Bexkbe cHare u U3aP:K/bUBOCTU TPU MyTa HeAes/bHO Y Tpajatby o4 30 MUHYTa, AOK je
KI' yyectBoBana y pegoBHMM akTMBHOCTMMA y BpTUhy. ®MB cy npouerusaHe npe u
nocne UHTepBeHuMje npumeHom TecTa pasBoja rpybux MOTOPUYKMX BELITUHA, APYro
nsgare. M3padyHaBaHW Cy YKYNHWU M CTaHAAPAM30BaHWN pPe3ynTaTu 3a JJOKOMOTOPHE
BELITMHe, BeLITUHe KOHTpoie objeKTa 1 yKynHe rpybe motopuuke BelwTmHe. Ha ocHo-
By gBodakTopcke ANOVA, ytBpheHe cy 3HayajHe MHTepaKuuje rpyna x Bpeme y Tpu
JIOKOMOTOpPHa 3a4aTKa (Tpyakbe, NOCKaKMBake U BOYHO KpeTarbe) U TPU 3aaTKa KOH-
Tpone objekTa (bauarbe U3HaA PyKe, KOTp/bakbe UCMOA PYKe U yaapakbe nonte). Moct-
XOK aHa/M3a je nokasasa 3HauajHa nobosbluakba o npetecta fo noctrecta y El, anm
He n y KI. Mo3nTMBHM edeKTn Nporpama yOUeHW Cy Y YKYMHUM U CTaHAapAM30BaHUM
pesynTaTMma JIOKOMOTOPHMX BewTuHa (p < 0,01), BewTHa KoHTpose objekTa (p < 0,01) n
YKYMHMX rpy6ux MoTopuykux BewTtuHa (p < 0,02) y3 ymepeHa ao senuka (np? = 0,12—
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0,42) nobosbwarba. OBM HanNasu Harnawaeajy 3Hauyaj UHTErpaumje CTPYKTYpUpaHMX
nporpama ¢usnyKor Bexkbara y paHo obpasoBatbe gele.

K/byuHe peum: /10KOMOMOpHE sewmuHe, sewmuHe KoHmpose objekma, npozpam
husuuroz sexbatba, 2pybe MomopuyKe 8eWmuHe, eKCrepuMeHmMasnHO UCMPAaXUBarse.

YBopg,

Y caBpemeHMM yCA0BMMA, MHOTa AeLa NpoBoge Ayre nepuoae y cegeHTapHUm
aKTMBHOCTMMA, Kao WTO cy Kopuwhere MOBUAHKUX TenedpoHa MAM padyHapa 3a urpy
(Colley et al., 2013). OBo M3a3MBa 3abPUHYTOCT jep je PpU3MUYKa HEAaKTUBHOCT NoBe3aHa
ca sehom BepoBaTHOhOM pas3Boja KapAMOBACKy/NapHUX U MeTabonmukmx nopemehaja
Beh y getnrctey (Andersen et al., 2011; Ekelund et al., 2012; Veijalainen et al., 2016).

®usmuka aktTMBHOCT (DA) MMa K/byuyHy ynory y ncuxodusmykom passojy, ca
NO3UTUBHUM edeKTMMa Ha M3MYKM PacT, MOTOPUYKM Pas3Boj, aepobHM KanmauuTerT,
KPBHW MPUTUCAK, HUBO ANNNAA Y KPBU, MeTabonnsam rnyKose M MeHTasIHO 34paB/be
(Butcher, 1983; King et al., 2003; Roth et al., 2010). Crora je HeonxoAaHo Aa Aeua byay
dM3NYKM aKTMBHa Kako 6K ce cnpeymna rojasHoCcT U ocTBapwie b6pojHe 3apaBCTBEHE
Kopuctu (Cragg & Cameron, 2006; Warburton et al., 2006). HoBuju aokasu Takohe yKa-
3yjy Ha To Aa Aela NpeALKOCKOr y3pacTa Koja McnyHasajy NpenopyyYeHe cmepHuue
dn3MYKe aKTUBHOCTM MMajy Behy BepoBaTHOhy Aa AOCTUTHY afeKBaTaH HMBO pasBuje-
HOCTU GYHAAMEHTANHUX MOTOPUYKUX BewTuHa (PMB), Kao M NOBO/bHUjE AYropoyHe
3apaBcTBeHe ucxoge (Jones et al., 2020; Webster et al., 2019). CxoaHo Tome, Boaehe
CBETCKe 3[paBCTBEHE MHCTUTYLMje NPOMOBULY GU3MUYKY aKTUBHOCT U Aajy CMepHuue
Koje npenopydvyjy Aa Aeua NpeawKoNCKor y3pacta byay aHra)KoBaHa y Hajmarbe 60
MWHYTa GU3NYKEe aKTUBHOCTM YMEPEHOT 40 BUCOKOT MHTEH3uTeTa gHeBHo (Guan et al.,
2020). H13ak HMBO GM3MUKe aKTUBHOCTU MOKE HeraTMBHO YTULATU Ha MOTOPUYKK pas-
BOj, jep Aela Koja ce HepoBO/bHO 6aBe GM3MUKOM aKTMBHOWHY MMajy CMarbeHy cro-
COBHOCT pa3BOja MOTOPUYKUX BELUTUHA HEOMXOAHWUX 33 CNOPT U gpyre GpU3MYKe aKTUB-
HocTu (Lubans et al., 2010). ®MB cy WMpPOKO Npeno3HaTe Kao OCHOBA MOTOPUYKE KOM-
NeTeHTHOCTU U KacHujer ydewha y ¢u3MUKMm akTMBHOCTMMa (Hulteen et al., 2018;
Newell, 2020), npu yemy cy nocebHO 3HayajHe y paHOM AETUHCTBY, Kada ce aeTe
cycpehe ca HoBMM cuTyaumjama n nsasosuma. Kpos dumsnuKko sexkbarbe, Aeua ycBajajy
OCHOBHE MOTOPWYKE BELWTUHE, yHanpehyjy KoopauHaLmjy U paBHOTEXKY, Kao U cnocob-
HOCTU KOHTpoJie objeKkTa. CUCTeMATCKU npernegm nutepatype notephyjy cHaXKHe nose-
3aHOCTW M3mehy MOTOpUUYKE KOMMNETEHTHOCTU, GU3NUKE aKTUBHOCTU U LUMPUX acnekaTa
pa3Boja Aeue npeaLwkonckor yspacra (Figueroa & An, 2017; Malambo et al., 2022). Ose
BEWTUHE He camo Aa NoAp:KaBajy Aeuy Yy CBakogHeBHOM ¢yHKUMOHMUCaky Beh ux u
npunpemajy 3a 6aB/berbe CNOPTOM M APYrUM 06aMLMMa GU3NYKE AKTUBHOCTU KacHuje y
uBOTY (Stodden et al., 2008; Venetsanou et al., 2015).

Mako cy bpojHe cTyauje ncnutusane ytuuaj CTPYKTYypUpaHux nporpama Bexkba-
Hba Ha MOTOpMYKe CnocobHOCTU Aeue, penaTMBHO Manun 6poj ux ce cneunduyHo
6asno PMB Koz aeue npeplKoscKor y3pacta. HoBuje cTyamje Koje cy ucnutusane
yTMUaj dM3MUKor BacnuTakba Ha MOTOPMYKE BeWTMHE Aeue NPeALKONCKOr y3pacTa
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nokasase cy nosntueHe epekTe y BEhMHN IOKOMOTOPHUX U MaHMNYNATUBHUX 3a4aTaKa
Yy OZHOCY Ha KOHTpoJIHY rpyny (Brian et al., 2017; Duncan et al., 2019; Radanovi¢, 2018;
Roach & Keats, 2018). HacynpoT Tome, cTyamja AnxacaH v capagHuKa (Alhassan et al.,
2012) Huje noKasana pasnuke namehy rpyna. Octane HegaBHe UHTEPBEHLMjE KOA Aeue
NPeALKOACKOr y3pacTa, Kao WTo cy aepobHe Bexbe, jora MAM onwTW Nporpamu
BeXKbarba, AOCNEAHO CYy MOKasasne KOPUCTM 33 MOTOPUYKE U KOTHUTUBHE CNOCOBHOCTU
(Aleksi¢ Veljkovi¢ et al., 2021; Katani¢ et al., 2022, 2024). CAn4yHM pe3ynTaTh YOUEHU cy
W NpUANKOM nopeherba MOTOPUYKE KOMMNETEHTHOCTU U3Mehy Aele HopMasiHe TeslecHe
Mace M feue ca NpeKkoMepHom TenecHom macom (Banjevi¢ et al., 2022), kKao u npwm
MCMUTMBabY MOBE3AaHOCTM MOTOPMYKUX M KOFHUTUBHUX cnocobHoctu (Katanié et al.,
2025). MehyTum, HUjeaHa o4 HaBedeHUX CTyaMmja HUje Buna ycMepeHa Ha CTPYKTypu-
paHW Nporpam 3aCHOBAH MCK/bYYMBO Ha KOMBUMHAUM|U BEXKOM CHAre U U3APK/bUBOCTU.
HenasHa meTa-aHanM3a NOTBPAMAA je Aa CTPYKTYpUpPaHe UHTEPBEHUM]E UMAjy CHAXKHU-
jv yTMUaj Ha pa3BOj JIOKOMOTOPHMUX BELITUHA KOZ AeLe NPesLKoACKor y3pacTa y nope-
Herwy ca HECTPYKTYPUPAHUM NPUCTYNMMa, NOCEOHO Kaja ce CnpoBOAEe TOKOM AyKer
BpemeHcKkor nepuoaa (Chen et al., 2024). Y HoBuje Bpeme, CTPYKTYpUPaHU NPUCTYNU
Kao WTo cy PYHKUMOHaNHE U HeypomycKynapHe Bexbe Takohe cy nokasanu nobosb-
warba PMB n dM3MYKe CNPEMHOCTM Kog, AeLe NPesLwKONCKOr U PaHOr LWKOJ/ICKOT y3pa-
cta (Wang et al., 2025; Zhang et al., 2024). inak, oBe MHTepBeHUMje HUCY Bune cneum-
dMYHO ycmepeHe Ha KOMBMHOBAHW NPUCTYN CHare U U3APK/bUBOCTH.

Mopep, Tora, Mako NOCToOjM BeNMKM B6poj nporpama ¢pusmukor sexkbara, sogehe
opraHusaumje Kao WTo cy CBeTcKa 3apaBcTBeHa opraHusaymja (C30) 1 MuHKUCTapCTBO
34passba M coumjanHmx yeayra CAl npenopyyyjy Aa Aeua y3pacta 5—-6 rogmHa octBapy-
jy Hajmarse 60 MUHYTa PU3NYKEe aKTUBHOCTU AHEBHO, YK/bYYYjyhn 1 aepobHe akTMBHO-
CTM M aKTMBHOCTKM cHare (USDHHS, 2008; World Health Organization, 2010). Wako cy
edeKTM KOMBMHOBAHOT TPEHUHIA CHAre U U3APK/bUBOCTU J0OPO LOKYMEHTOBAHM Kog,
oapacnmx (Huiberts et al., 2024; Pito et al., 2022), oHM cy n Aa/be y BEAUKO] mepun
He0BOJ/bHO UCTPaXKEHW Ko, Aele NpeslKosicKor y3pacTta. OBaj ja3 y 3Hatby onpasaasa
cnposohetbe oBe cTyguje.

OBO /IOHIUTYAMHANHO UCTPAXKMBakbe MMaso je 3a Uu/b 4a npoueHn edekte 12-
Hefe/bHOT Nporpama Berkbakba 3aCHOBAHOT Ha CHasW U U3LPXK/BUBOCTU Ha PMB peue
NnpeaLwWwKoACKOr y3pacTa. Ha 0CHOBY NpeTxoAHMX Hafasa, NocTaB/beHa je xunotesa ga he
WHTEPBEHLMOHA TPyna OCTBAPUTM CTAaTUCTMUKM 3HayajHo Beha nobosbwarba PMB y
nopehery ca BpLHaLMMa KOju Cy y4eCcTBOBaIM Yy PeAOBHUM aKTUBHOCTMMA Y BPTUNY.

Mertop,

UcnutaHuum

OBa paHAOMM30BaHA KOHTPO/IMCAHA NOHTUTYAMHANHA cTyaunja obyxsBatuna je 47
Jele NpealKoaCcKor y3pacTa, CTapocTn 5—6 roanHa. UcnutaHuum cy cayyajHum nsbo-
pom pacrnopeheHn y nHtepseHumoHy rpyny (UrM; n = 25; 6,35 + 0,32 roamMHe) U KOHTPO-
Hy rpyny (KI; n=22; 5,90 + 0,27 roguHa). Y3opak je 06yxBaTao 1 gevake 1 AeBojuYmLE, a
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cBa Jeua cy 6una yK/bydeHa M3 UCTe NPeALIKOJICKe ycTaHoBe pagu obesbehuBarba
XOMOTeHOCTU OKpyKerba (Tabena 1).

Kputepujymu 3a yk/byunBarbe nogpasymeBanu cy Aa geua Hemajy 34paBcTBeHa
CTakba Koja 6u morna orpaHmnunt 6e3beaHo ydewhe y ¢pusnykoj aktueHoctTu. Kputepu-
jymMn 33 nck/byumBarbe 0byxBaTann cy XpoHMYHa obosberba, HeJaBHe nospege UM
HenocTojarbe CcarnacHocTM poauTesba/cTapaTesba. MucaHa MHPOpMUCaHa carnacHoCT
npubas/beHa je o4 CBMX poamTes/ba, OAHOCHO 3aKOHCKWMX CTapaTesba, Koju cy Takohe
Aoctasunn gemorpadceke NogaTke U MeaULMHCKY AOKYMEHTaUM]y.

UcTpaxuBatoe je 0a06peHo og cTpaHe ETMuKor komuTeTa YHMBep3uTeTa y Huwy
(6p. pewera 04-1186/2) n cnposeaeHo je y ckaaay ca [leknapaumjom s XeacuHKmja.

Ta6ena 1

JleckpunmugHu NoKa3amesbu y30pKa UCIUMAaHuKa

Bapwujabne nr Kr

bpoj aeue 25 22

Non Jevaum: 14 [evaum: 9
[esojunue: 11 [esojunye: 13

lfoauHe 6,35+0,32 5,90+0,27

BM (kr) 25,08 £4,28 22,60 £ 3,60

TB (m) 1,22 +0,05 1,17 £ 0,05

BMW (Kr/m2) 16,90 £ 1,95 16,42 £ 1,65

JlezeHoa. UT = ekcnepumeHTanHa rpyna; KI = KoHTponHa rpyna

UcTparkmBauku gusajH

OBa cTyaMja je nNpuUMeHWNa MELIOBUTU NIOHTUTYAMHANHU eKCnepuMeEHTaIHU
[OM3ajH ca NpeTecT U NOCTTeCT meperuma. TecTupare CBUX UCMUTAHMKA CNPOBEAEHO je
HenocpegHo npe (MHUUMjaNHO Meperse) U HaKoH 12-Heae/bHOT HTEPBEHLMOHOT NpPo-
rpama (3aBplIHO mepere). Mepera cy obaB/beHa y canm 3a dpusnyko Bexbarbe npes-
LUKOJICKE yCTaHOoBe, y uUcTo goba aaHa (y 11:00 yacoea), pagM MUHUMK3MpPaba LUUPKa-
AMjanHux ytuuaja, npu ambujeHTanHoj Temnepatypu og 22 ao 26 °C. UHTepBeHuumja je
Tpajana 12 Hede/ba, ca MeperbMMa Ha noyeTky (Heaesba 0) M No 3aBpLUETKY Nporpama
(Hepesma 12).

UHCcTpymeHTH

AHMponomMempujcKe KapakmepucmuKke mepeHe cy NPUMeHOM CTaHAapAN30Ba-
HUX aHTPOMOMETPUjCKMX MHCTpyMeHaTa (GPM, LLBajuapcKa) 1 y ckaagy ca mehyHapoga-
Ho npuxBaheHom npoueaypom (Eston & Reilly, 2013). NHaekc TenecHe mace (UTM)
M3pauyHaT je Kao ogHoc TenecHe mace (kg) n kBagpara TenecHe sucuHe (M?). UTM je y
CHaXXHOj Kopenaumju ca NPOLLEHTOM TeIeCHE MACTU U CAYXKM Kao NMOKasaTesb HYyTPUTUB-
Hor cTaTyca Kog, aeue (Wilmore et al., 2022).

®yHoameHmasHe Mmomopuyke sewmuHe (PMB) npouernBaHe cy MPUMEHOM
TecTa pa3Boja rpybMx MOTOPUYKUX BelUTUHa, Apyro u3gare (TGMD-2). OBaj UHCTpY-
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MeHT 0byxBaTa 12 MOTOPMYKUX 33JaTaKa NOLE/bEHMX Y [Ba NOATECTA: IOKOMOTOPHE
BewTuHe (/1B) 1 BewTMHe KoHTpone objekTa (KO). JlokomoTopHe BelwTuHe 0byxBaTajy
wect 3agartaka: J/1IB1 — tpuame, J/IB2 — ranonupare, /1IB3 — nockakusame, /IB4 — npe-
CKaKatbe, JIB5 — CKOK y Aasb U3 mecTa, JIB6 — 604HO KpeTake. BelTnHe KOHTpoie 0bjeKTa
obyxBaTajy wect 3agaTtaka: KO1 — yaapame craymoHapHe nonte, KO2 — Bohere sonte,
KO3 — xBaTare, KO4 — wyTtnpame, KOS5 — bauare M3Hag pyke, KO6 — KoTpsbarbe. Kopu-
wherem cTaHaapam3osaHux TGMD Tabena, pes3ynTati cy KOHBEPTOBAHMU Yy BPEAHOCTM
npunaroheHe y3pacTy, nNpu Yemy cy AobujeHN pesynTaT 3a IOKOMOTOPHE BeLTUHE
(NBC), BewTtnHe KoHTpoAne objekTa (KOC) n ykynaH ckop PMB (PMBC) (Ulrich, 2000).

EKcnepumeHTaNnHU Nporpam

MHTepBeHUMja ce cacTojana of nporpama Bexkbarba 3aCHOBAHOr HA CHAa3n U
N3LPXK/bUBOCTH, KPEMPAHOT Yy CKAAAy €a CMepHuuama HauuoHanHor yapyxema 3a
cnopt u ¢usmnuko Bacnutarbe (CA/Zl), Koje npenopyyyjy yK/byuymBarbe M aepobHUX
AKTUBHOCTM M aKTUBHOCTW CHare KoZ Aeue npeglkosckor y3pacta (USDHHS, 2008).

Mporpam je Tpajao 12 Hepesba, ca TPU TPEHMHrA HeAEe/bHO, NPU YemMy je CBaKa
cecuja Tpajana 30 muHyTa. CTpyKTypa cBaKe cecuje obyxsaTana je yBoaHu Aeo (5 MUHy-
Ta), rnaBHu geo (20 mUHyTa) 1 3aBpLWHK Aeo (5 muHyTa). Nporpam je cnpoBoheH ToKkom
pefoBHUX aKTMBHOCTU deue y BpTMhy, AOK je 3a To Bpeme KI cnposoauna cnoboaHe
AKTUBHOCTU.

YBOAHM [,€0 YK/by4MBAO je aepobHe AMHAaMUUKe BeXOe, Kao WTO Cy MapLlimparse
WY NaraHo NOCKaKMBatbe, y3 06/1MKoBake NoKpeTa. [NaBHM 4e0 cacTojao ce oa UHTep-
Bafla aKTMBHOCTU BMUCOKOI MHTeH3uTeTa (30 ceKyHAM), Koju cy ce cmerMBanu ca
BeKbama HUCKOT MHTEH3MTEeTa ca COMCTBEHOM TenecHoM macom (30 cerkyHam). Kopwm-
wheHe cy Bexbe ca COMCTBEHOM TEXMHOM, KapaKTEPUCTUYHE 33 rpynHM UTHeC, ca
aKLLEeHTOM Ha jayakbe MyCKynaType pyKy, rpyau U pameHor rnojaca (BapujaHTe CKNeKoBa,
W apyrux ynopa); Tpyna (TpbylwHbauy 1 NAaHKOBM); HOry (Y4y4yrbeBU, MCKOPALLM, CKOKOBM
W Tpyakba y mecty). CBaku Komnnekc (1 Bexkba Bucokor + 1 Bexkba HUCKOT UHTEH3UTeTa)
NnoHaB/baH je [Ba NMyTa, NPU YeMmy je Y OKBMpPY jeaHe cecuje n3soheHo 8—10 KomnsieKca
(Tabena 2; Cnuka 1). Y 3aBpwiHom aeny nssoheHe cy sexkbe nctesarba 1 penakcaumje.

Ta6ena 2
Mpezned npoepama ¢u3suykoz sexbara

TpeHuHr cecnja AKTMBHOCT Tpajarbe

AepobHe Bexxbe HUCKOT MHTeH3UTeTa
1 Bexkbe ob61MKoBara
Komnnekc: 1 Bexxkba Bucokor
nHTeH3uTeTa 30” + 1 Bexkba HUCKOT
[naBHU geo W 20 MUH.
MHTEeH3uTeTa 30" x 2
(8—10 komnnekca)

3aBpLlHN aeo Beskbe nctesarba M gucarba 5 MUH.

YBOoAHM Aeo 5 MUH.
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Cnuka 1
Mpumep 2nasHoe2 0ena mpeHUH2a 3a eknepumeHmasnty epyny (npeyzemo oo Rey, 2017)

P.6p.

Onue sexdn

I BexOa — sehu uurensurer (30 sec)

11 Bewba — mamu uurensurer (30 sec)

cepuje

1

I- CyHoxkuu nockous Hanpea
HA31,

11 - OHo%KeIbE HAHIMEHHYHO,
Je/Ha na ipyra Hora.

!

f 8

b:é)

I- U3 crasa packopaunor
CIYCTHTH CC Y Uyuakh i
CKOUHTH YBHC (HHCY BE3aHH),
II - Mapupase y3 xsatame
KOJICHA PyKaMa, HAH3MCHHYHO
JenHa-apyra Hora.

I- M3 tpuama y mecty,
crycrTi ce y ynop (sucoxu
IUIAHK) H HCTIPYAHTH JeAHY Na
JPYTY PYKY HCHIPE/l, HACTABHTH
cd TPUABEM;

II - Bepem rpoxhe”

1 mul

HYT JIArdHo

¢ y3 1yDOKO JHcame yax-u3jax

I- . Jumping Jacks* (cxokoBu
H3 CTABA CHCTHOT JI0 CTaBa
PACKOPAUHOT €A Y3PYuCH:EM):
II - V nonowxajy Ha jeasoj HO3M
BPUINTH [IOKPETE H3 O/IPYUCHA
10 IPE/IPYUCH:A.

o2

I- U3 tpuama na csaxu 3.

KOPAK je/1aH 3aKkopax, na 3
KOHTAKTa  /Pyra HOra;

II - Mapuspase /18a mya,
HPETKIOH.

I- Ckun v Ha cBaKH 5. KOHTAKT
CH)’CTHTH ce y HCKOPHK H CKOK
¥ BHC, MOTOM CKHII 113 Apyra
HOFa;

II - Mapumpare y3 onpykarse

MOTK(

L

1 mu

HYT JIArdHO MaPUIHPAILE Y3 YOOKO HCAE yaX-H3/ax

I- Bucoku ckuit (BUCOKO
KOJICHA), Ha CBAKH 3. KOpaK
3A/IPIIKA JCAHY CEKYHY;

II - M3 nperkiiona y 3aKi0H,
CaMO Je/IHa AMjaroHana, y
JIPYTOj CCpHjH Jipyra.

2 B,

I-V nonoxajy sucokor
IUIAHKA, HAH3MCHUUHC
poTaLMje y jeaHy u Apyry
cTpany;

II - Mapumpaise y opyuciby.

I- Jlsa nockoka, 18a y3pyucta
¥3 IUBECAK UIAHOBHMA FOPe;
11 - Jlehna ekerensuja.
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CrtaTMCTMUKA aHanAu3a

[ecKpunTMBHA CTaTUCTMKA, U3PAKEHA KPO3 apUTMETUYKY CPEANHY U CTaHAAPA-
Hy AeBujaumjy, M3payyHaTa je 3a cBe Bapujabne. Y ckiony npeaMmMMHapHUX aHanu3a,
M3BpLIEHA je npoueHa obsavKka AncTpubyuuvje noaaTaka Ha OcHoBy KoeduumjeHaTa
acumeTpuje (skewness) n cnsbowTeHocTH (kurtosis), Kao Mepa Koje onucyjy oacTynama
o[, cMMeTpuje U HopMmasHor ob6anKa pacnogene. Ha ocCHOBY NpeNMMUHAPHUX aHaNU3a,
Koje cy obyxsaTune Bu3yenHu npernes Q-Q Aujarpama, Kao M aHanu3y BpefHOCTU
CKjyHMca M KypTosuca (Tabene 3 u 4), 3aKk/by4YeHO je ga AUCTPUBYLMje UCMUTUBAHUX
Bapu1jaban He Nokasyjy 3HaYajHMja oACTynarba 04 HOPMaHe pacrnoaene.

Pagn npoueHe edeKkaTa MHTepBeEHUMje NpuMerseHa je mewosButa ANOVA ca
NMOHOB/EHUM Meperuma 2 x 2. OBaj CTaTUCTUYKM mogen omoryhaBa aHanusy Tpu
edekra: rnaBHor edekTa rpyne (pasnunke namehy eKCnepumeHTaHE U KOHTPOJIHE rpy-
ne), rnasHor epeKkTa BpemeHa (npomeHe nMamehy MHULMjanHOT U GUHANHOT Meperba),
Kao v edeKTa MHTepaKLMje rpyne U BpemeHa (pasnnumTa AMHamMKa npomeHa uamehy

rpyna).

HuWBO cTaTUCTMYKE 3HAYajHOCTM NOCTaB/beH je Ha p < 0,05 (aBocTpaHu TecT).
BennunHe edekTa uspayvyHate cy pagM NpoLeHe MpPaKkTUYHEe 3HAYajHOCTM pesynTaTa.
BpeaHocTn napumjanHe eta-ksagpar (np?) aobujeHe ANOVA aHanM30om KOHBepTOBaHe
cy y KoeHoBo d, a ofaTHO cy n3padyHaTte 1 rpynHo-cneundouyHe senmumHe edekta 3a
npoMmeHe oj, npeTecTta A0 NOCTTecTa NPMMeHOM bopmyne:

M. - M,
d — post pre (1)
SDpooIed

MHTepnpeTaumnja KoeHoBor d u3BplueHa je npema yobuyajeHMM MparoBuMma:
3aHemapsbus (< 0,20), manam (0,20-0,50), ymepeH (0,50-0,80), senunkn (0,80-1,30) u
Beoma Benivku (> 1,30) edekat (Cohen, 1988). CBe cTaTUCTMUKE aHanU3e cnpoBeseHe cy
y nporpamy IBM SPSS Statistics, sepauja 26.0 (IBM Corp.).

Pesyntatu

Y Tabenu 3 npuKasaHe cy AeCKPUNTHBHE BPeAHOCTM 33 CBE MOTOPUYKE BELUTUHE
3a Ul. CTaHgapaHe AeBujaunje yKasyjy Ha ymepeHy BapujabuaHocT pesyntaTta usmehy
WCNUTaHWKA, AOK PAcMoH OCTBAapEHUX BPEAHOCTM MOKasyje 4a Cy YYeCHMLM KOPUCTUAN
roToBO LEeo orcer ckane kog sehuHe sapunjabaun, WTo yKasyje Ha 3agososbasajyhy auc-
KPMMWHATUBHOCT meperba. Tpeba uctahu npoceyHe BpeaHOCTM 3a YKyNHE CTaHAapAan-
30BaHe Bapujabne JIBC (6,68 + 1,63), KOC (7,08 £ 1,42) u ®MBC (13,76 + 2,71).

Mepe o06avKa auctpmbyumje noKasyjy fa cy ce BpegHOCTU KoeduuunjeHTa
3aKPUB/LEHOCTU (CKjyHMC) KpeTane y pacnoHy og -0,81 go 0,94, ook cy ce BpeaHOCTH
KoeduumjeHTa 3a06/beHOCTU (KypTO3KC) KpeTane og -1,17 po 0,81. JobujeHe BpegHoO-
CTW CKjyHMCA Hanase ce yHyTap NpUXBaT/bUBMX rpaHMLLA, AOK CY BPEAHOCTM KypTo3uca
Takohe y okBUpY pedepeHTHUX rPaHnLa, WTO YKasyje Ha To ga mepe 0b61MKa ANCTpuby-
LuMje He NOKa3syjy 3Ha4yajHa OACTynara o4 HOpMaJsiHe pacnogene pesyntaTta. HeratnsHe
BPEAHOCTU CKjyHMca Kog BehunHe Bapujaban yKasyjy Ha 6aary acMmeTpujy yieBso, OOK
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No3UTUBHE BPEAHOCTW Kog, nojeauMHux Bapujabnu (Hnp. KO1) ykasyjy Ha 6nary
acumeTpujy yaecHo.

Tabena 3
JeckpunmusHu nodayu Ha UHUYUjanHOM meperby 3a U

M SD Minimum  Maximum  PacnoH  Skewness Kurtosis
nB1 4,52 1,39 1,00 7,00 6,00 -0,66 0,52
nB2 4,92 1,55 2,00 7,00 5,00 -0,58 -0,39
nB3 6,32 1,41 3,00 9,00 6,00 -0,33 0,02
nB4 3,64 1,11 1,00 5,00 4,00 -0,78 -0,10
nBS 4,04 1,02 2,00 6,00 4,00 -0,09 0,20
nB6 5,48 1,08 3,00 7,00 4,00 -0,69 0,56
NnBT 28,92 5,02 16,00 37,00 21,00 -0,81 0,81
nBC 6,68 1,63 3,00 9,00 6,00 -0,57 -0,25
KO1 5,04 1,97 2,00 10,00 8,00 0,94 0,59
KO2 4,08 1,55 1,00 7,00 6,00 -0,07 -0,78
KO3 4,36 0,70 3,00 5,00 2,00 -0,64 -0,64
Ko4 4,60 1,61 2,00 7,00 5,00 0,07 -1,17
KO5 4,76 1,20 3,00 7,00 4,00 0,19 -0,76
KO6 4,36 1,04 2,00 6,00 4,00 -0,33 -0,25
KOT 27,20 4,77 18,00 37,00 19,00 0,17 -0,14
KOC 7,08 1,42 4,00 10,00 6,00 0,14 -0,08
dMB 56,12 8,68 37,00 72,00 35,00 -0,25 0,08
dMBC 13,76 2,71 7,00 19,00 12,00 -0,35 0,42

HanomeHa. M — aputmeTuyka cpeauHa; SD — ctaHpapaHa gesujaunja; Minimum — MMHUManHa BPeaHOCT;
Maximum — makcumanHa BpegHocT; Skewness — KoeduumjeHT acumeTpuyHocTM (cKjyHuc); Kurtosis —
KoebUUMjeHT CN/boLWTEHOCTH (KypTo3uc); JIB1-6 — 3a4aLLM NOKOMOTOPHUX BeWwTUHA o4 1. oo 6. 3apatka; JIBT —
YKYNHe HymepuuKe BpPeAHOCTM JIOKOMOTOPHUX BewTuHa; JIBC — yKynHe cTaHAapAu3oBaHe BpeaHOCTU
JIOKOMOTOPHUX BewTuHa; KO1-6 — 3agaum KoHTpose objekTa (MaHunynatusHe BewTtnHe) o4 1. 4o 6. 3a4aTKa;
KOT — yKynHe HymepuuyKe BpPeAHOCTM MaHUNynatuBHux BewTuHa; KOC — yKynHe cTaHAapAn3oBaHe
BPEAHOCTU MaHWUMNyNaTUBHUX BelwTMHa; PMB — yKynHe BpeAHOCTU rpybux MOTOPUYKMX BelwTuHa; PMBC —
YKYMHe cTaHAapAn30BaHe BPeAHOCTU rpybrx MOTOPUYKUX BELUTUHA.

Y Tabenu 4 npukasaHe cy AeCKPUNTUBHE BPELHOCTU MOTOPUYKUX BelTuHa y Kr.
CraHfapgHe Aesujaumje yKasyjy Ha ymepeHy BapujabuaHocTt pesynTtata uamehy mncnu-
TaHMWKa, [lOK PAacNoH OCTBapeHMX BpeaHOCTN Takohe NoKasyje Aa cy y4ecHUUM KOpUCTU-
/1 TOTOBO LLeO Oncer cKane Kog BehuHe Bapujabau, WTO yKasyje Ha 3ap0BosbaBajyhy
OVNCKPUMMHATUBHOCT meperba. Tpeba uctahm ga cy npoceyHe BPeAHOCTU 3a YKYMHe
cTaHaapAam3oBaHe Bapujabne JIBC (7,09 * 1,60), KOC (6,86 + 1,73) 1 ®MBC (13,95 + 2,97)
penaTUBHO CINYHe Kao y UT.
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Mepe ob6nvka aucTpubyumje nNoKasyjy Oa cy ce BpeaHOCTM KoeduumjeHTa
3aKPMB/bEHOCTM (CKjyHMUC) KpeTane y pacnoHy og -0,71 go 0,99, AoK cy ce BpeaHOCTH
KoeduumjeHTa 3a06/beHOCTU (KypTo3uc) KpeTane og -0,98 no 1,85. JobujeHe BpeaHoO-
CTW CKjyHMCA Hanase ce yHyTap NpUXBaT/bUBUX rPaHULA, SOK CYy BPEAHOCTM KypTo3uca
Takohe y oKBUpYy pedepeHTHUX rpaHnLa, WTO yKa3yje Ha To Aa mepe 06/nKa gucTpuby-
umje He NOKasyjy 3Ha4ajHa oACTynNaka o4, HOpManHe pacnogene pesyntata. HeratusHe
BpeaHOCTU CKjyHuca Kog Beher 6poja Bapujabnu ykasyjy Ha 6aary acumeTpujy yneso,
OOK MO3UTMBHE BPEAHOCTU Koa nojeavHux Bapujabau (Hnp. KOS5 n KO6 HeratuBaH
CKjyHWUC HUMje A4OMWMHaHTaH obpasal, Beh Bapupa y 3aBMCHOCTM oZ Bapwujabne) ykasyjy
Ha 6nary acumeTpujy yaecHo.

Tabena 4
JeckpunmusHu nodayu Ha UHUYUjaaHomMm mepersy 3a KI

M SD Minimum  Maximum  PacnoH  Skewness Kurtosis
NB1 5,00 1,27 3,00 7,00 4,00 0,31 -0,92
B2 4,86 1,39 2,00 7,00 5,00 -0,09 -0,66
B3 6,09 1,19 4,00 8,00 4,00 -0,01 -0,70
B4 2,91 1,27 1,00 6,00 5,00 0,65 0,17
fB5 4,18 1,05 3,00 6,00 3,00 0,41 -0,97
7B6 5,50 1,30 3,00 8,00 5,00 -0,07 -0,72
BT 28,55 4,75 21,00 39,00 18,00 0,39 -0,51
JIBC 7,09 1,60 5,00 11,00 6,00 0,68 0,42
KO1 4,32 1,70 2,00 8,00 6,00 0,79 0,45
KO2 3,55 1,47 1,00 7,00 6,00 0,59 0,07
KO3 3,77 1,07 2,00 6,00 4,00 0,24 -0,61
KO4 2,95 1,05 1,00 5,00 4,00 0,10 -0,98
KOS 4,64 1,18 3,00 8,00 5,00 0,99 1,85
KOG 4,77 0,81 3,00 6,00 3,00 -0,71 0,60
KOT 24,00 4,51 15,00 33,00 18,00 0,13 -0,10
KOC 6,86 1,73 4,00 11,00 7,00 0,54 0,64
®MB 52,55 8,03 40,00 70,00 30,00 0,34 -0,67
®MBC 13,95 2,97 10,00 22,00 12,00 0,75 1,20

HanomeHa. M — aputmeTuyka cpeauHa; SD — ctaHpapaHa gesujaunja; Minimum — MMHUManHa BPeAHOCT;
Maximum — makcumanHa BpegHocT; Skewness — KoeduuujeHT acumeTpuyHocTM (cKjyHuc); Kurtosis —
KoebUUMjeHT Cn/boLWTEHOCTH (KypTo3uc); JIB1-6 — 3a4aLM NOKOMOTOPHUX BewTUHA o4 1. oo 6. 3apatka; JIBT —
YKYNHe HymepuuyKe BpPeAHOCTM JIOKOMOTOPHUX BewTuHa; JIBC — yKynHe cTaHAapAu3oBaHe BpeaHOCTU
NIOKOMOTOPHMX BewTuHa; KO1-6 — 3agaum KoHTpone objekTa (MaHunynaTMBHe BewTuHe) o4 1. oo 6. 3a4aTka;
KOT — yKynHe HymepuyKe BPeAHOCTM MaHUNynaTuBHux BewTuHa; KOC — yKynHe cTaHAapAn30BaHe
BPEAHOCTU MaHWUMYyNaTUBHUX BelwTUHa; PMB — yKynHe BpeAHOCTU rpybux MOTOPUYKKUX BelwTuHa; PMBC —
YKYMHe cTaHAapAV30BaHe BPeAHOCTU rpybrx MOTOPUYKUX BELUTUHA.
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Y Tabenn 5 cy npuKkasaHe UHULMjaNHE U PUHANHE BPeAHOCTU MOTOPUYKMX Bapu-
jabnn y ekcnepumeHTanHoj (M) u KoHTposHoj rpynu (KI). Y ekcnepumeHTanHoj rpynu
youyaBa ce Hanpefak y CBMM WMCNUTMBaHMM Bapujabnama, Kako Ha nojeauMHavyHuMm
TECTOBMMA, TAaKO M Ha KOMNO3UTHUM pe3ynTatumMa. HajuspaxkeHuje nobosbluare benerxum
ce y YKYMHMM MoKasaTes/bmma, rae je JIBT nopactao ca 28,92 + 5,02 Ha 35,12 + 4,63, KOT
ca27,20+4,77 Ha 33,04 £ 5,22, nok je PMB nopacrtao ca 56,12 + 8,68 Ha 68,16 + 8,51.

JopatHo, cee nojeguHayHe J1B Bapujabne (/IB1-/1B6) nokasyjy ctabunaH nopact
Y EKCMepMMEHTasIHOj rpynu, Npu Yyemy ce nocebHo usgsajajy J/1IB1 (ca 4,52 + 1,39 Ha
6,12 +1,13) n 1B4 (ca 3,64 + 1,11 Ha 4,84 + 0,99). ChnyaH TpeHp, ce yoyasa v Kog JIBC
(ca 6,68 +1,63 Ha8,60+1,53) u PMBC (ca 13,76 +2,71 Ha 17,48 + 3,10).

Kog, KOHTpOnHe rpyne, NpomMeHe Cy 3HaTHO Makbe MU3PaXKeHe U HeyjegHayeHe.
oK ce Kopa, nojeanHux Bapunjabnum 6eneske 6aarv nopact (Hnp. KO3 1 KO4), Koa apyrmx
Bapujaban npucyTHa je cTarHaumja uam Yak nag spegHoctu (Hnp. KO1 n KO6). YKRynHu
pe3ynTaTv Takohe nokasyjy MMHMManHe npomeHe, npu yemy KOT pacTe ca 24,00 + 4,51
Ha 25,14 £ 5,09, a ®MB ca 52,55 + 8,03 Ha 54,68  8,70.

Tabena 5
JeckpunmueHu rnoxkasamesbu UCAUMUBAHUX 8apujabau Ha UHUYUJAAHOM U PUHASIHOM Mepery
KOO eKkcriepuMeHmarHe U KOHMposHe 2pyne

nr Kr

Bapwujabne NHuumjanHo duHanHo NHuumjanHo ®duHanHo

nB1 4,52 +1,39 6,12 +1,13 5,00+ 1,27 5,18 +1,05
nB2 4,92 +1,55 5,80+1,53 4,86 +1,39 4,95+1,17
nB3 6,32+1,41 7,04 £1,34 6,09 +£1,19 5,45+0,91
nB4 3,64+1,11 4,84 +0,99 2,91+1,27 4,18 £1,05
nB5 4,04 £1,02 4,92 +0,86 4,18 +1,05 4,55+ 0,86
nBe6 5,48 +1,08 6,40 £ 1,00 5,50+1,30 523+1,11
nBT 28,92 +5,02 35,12 +4,63 28,55 +4,75 29,55 +4,49
NBC 6,68 +1,63 8,60+1,53 7,09 +1,60 7,18 +1,62
KO1 5,04 +1,97 6,16 + 1,25 4,32+1,70 3,82+1,10
KO2 4,08 +1,55 5,00 +1,68 3,55+1,47 3,91+1,54
KO3 4,36 £0,70 5,00 + 0,87 3,77 £1,07 4,55+0,74
KO4 4,60+1,61 5,16 +£1,52 2,95+1,05 3,95+1,53
KO5 4,76 £1,20 6,48 £1,00 4,64 +1,18 5,09 £ 1,02
KO6 4,36 +1,04 5,24 +1,01 4,77 £0,81 3,82+1,05
KOT 27,20+ 4,77 33,04 +£5,22 24,00 + 4,51 25,14 +5,09
KoC 7,08+1,41 8,88+1,90 6,86 +£1,73 7,23 +£1,69
dMB 56,12 + 8,68 68,16 + 8,51 52,55+ 8,03 54,68 + 8,70
®MBC 13,76 £2,71 17,48 +3,10 13,95+2,97 14,41 £ 3,11

HanomeHa. JIB1-6 — 3ajaun NOKOMOTOpPHMX BewTuHa of, 1. go 6. 3agatka; JIBT — yKynHe Hymepwuuke
BPeAHOCTU NIOKOMOTOPHMX BewTuHa; JIBC — yKynHe cTaHAapAn30BaHe BPeAHOCTU NOKOMOTOPHUX BELUTUHA;
KO1-6 — 3aaum KoHTpone objeKTa (MaHMnynaTueHe BewTuHe) og 1. fo 6. 3agaTka; KOT — yKynHe Hymepuuke
BPEeAHOCTU MaHUNyNaTMBHUX BewTuHa; KOC — yKynHe cTaHAapAu30BaHe BPeAHOCTM MaHWUMYNATUBHUX
BewTnHa; ®MB — yKynHe BpeaHOCTU rpybux MOTOPUYKMX BelwTuHa; PMBC — yKynHe cTaHAapAv30BaHe
BPEAHOCTU rpybux MOTOPUYKMX BellTUHa; U — ekcnepumeHTanHa rpyna; KI — KoHTposiHa rpyna.
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Pesyntatu mewosBute aHanmse BapujaHce (ANOVA 2 x 2) ca NOHOB/bEHUM
mepersuma (Tabena 6) nokasyjy 3HavajHe edeKkTe pakTOpa rpyne, BpeMeHa U HUxose
nHTepakumje y sehem 6pojy ncnutnsaHmx sapujabau.

EdekaT dpakTOpa rpyne je cTaTUCTUUKM 3HaYajaH Kog BehuHe Bapujabam, nocebHo
Koa: /1B3 (p = 0,004; np? = 0,169), /B4 (p = 0,011; np* = 0,136), JIBT (p = 0,019; np? = 0,117),
KO1 (p < 0,001; np? = 0,349), KO4 (p < 0,001; np* = 0,260), KOS5 (p = 0,002; np? = 0,186), KOT
(p <0,001; np? = 0,308), KOC (p = 0,023; np* = 0,110) 1 PMB (p < 0,001; np?=0,255), wTo
YKasyje Ha nocTojarbe pasivMKa uamehy ekcnepMmeHTanHe U KOHTposHe rpyne Beh Ha
HWBOY OCHOBHMX edeKaTa.

EdeKkaT BpemeHa je CTaTUCTMYKM 3HAYajaH Ko BehuHe Bapujaban, npu Yyemy ce
nocebHo u3ggajajy: /IB1 (p < 0,001; np? = 0,314), /B4 (p < 0,001; np* = 0,484), NB5
(p < 0,001; np? = 0,227), NBT (p < 0,001; np? = 0,404), NBC (p < 0,001; np? = 0,336), KO3
(b < 0,001; np? = 0,339), KO4 (p = 0,001; np? = 0,208), KOS5 (p < 0,001; np? = 0,351), KOT
(b < 0,001; np* = 0,342), KOC (p = 0,001; np? = 0,230), PMB (p < 0,001; np* = 0,434) n
®MBC (p < 0,001; np? = 0,332), wWTO yKasyje Ha 3HayajHe NpomeHe namehy nHUumjan-
HOT M GMHANHOT Mepera Y LLe/IOKYMHOM Y30pKY.

HajBakHWje, MHTepaKLMja rpyne M BpeMeHa je CTaTUCTUYKM 3HayajHa Koy, seher
6poja Bapujabau, yrkbyuyjyhun: JIB1 (p = 0,001; np? = 0,225), /IB3 (p = 0,002; np? = 0,200),
NB6 (p = 0,001; np? = 0,235), NIBT (p < 0,001; np? = 0,261), NIBC (p < 0,001; np? = 0,336),
KO1 (p = 0,018; np? = 0,119), KOS5 (p = 0,006; np? = 0,155), KOG (p < 0,001; np? = 0,415),
KOT (p = 0,002; np*=0,191), KOC (p = 0,019; np? = 0,117), PMB (p < 0,001; np* = 0,272)
n ®MBC (p = 0,001; np? = 0,233), WTO yKasyje Ha TO Aa Cy NPOMEHE TOKOM BpemeHa
6une pasnmumte namehy ekcnepmmeHTasIHe U KOHTPOJHE rpyne.

MocebHO je BaXHO HArnacuMTU Aa Cy 3HayajHe MHTepakuuje npaheHe u ymepe-
HMM 10 BUCOKMM Be/iMunMHama edekTa (np?), WTo yKasyje Ha TO Aa je eKcrnepuMeHTasHa
WHTEpPBEHLMja UMana peanaH M NPaKTUYHO 3Ha4yajaH yTULUAj Ha nobosbluakbe MOTOPU-
YKUX NepdoOpMaHCU y 0OAHOCY Ha KOHTPOIHY rpyny.

Tabena 6
Ecpekmu npoepama pusuyKoz 8exbaHa Ha MOMOPUYKe sewmuHe
lpyna Bpeme pyna x Bpeme

F p np? F p np? F p np?
NB1 0,59 0,44 0,01 20,57  0,00%* 0,31 13,03 0,00** 0,22
B2 1,60 0,21 0,03 4,94 0,03* 0,09 3,26 0,07 0,06
B3 9,16 0,00%* 0,16 0,04 0,83 0,00 11,24 0,00** 0,20
B4 7,05 0,01* 0,13 42,16  0,00** 0,48 0,03 0,84 0,00
N1B5 0,28 0,59 0,00 13,19 0,00** 0,22 2,27 0,13 0,04
J1B6 4,04 0,05 0,08 4,07 0,05 0,08 13,82 0,00** 0,23
NBT 5,94 0,01* 0,11 30,53 0,00** 0,40 15,92 0,00** 0,26
NBC 1,47 0,23 0,03 22,73  0,00** 0,33 22,73 0,00** 0,33
KO1 24,15  0,00** 0,34 0,88 0,35 0,01 6,05 0,01* 0,11
KO2 4,30 0,04* 0,08 7,29 0,01* 0,14 1,37 0,24 0,03
KO3 6,76 0,01* 0,13 23,03 0,00** 0,33 0,20 0,65 0,00
KO4 15,83  0,00** 0,26 11,84  0,00%* 0,20 0,94 0,33 0,02
KO5 10,30 0,00** 0,18 24,29  0,00** 0,35 8,22 0,00** 0,15
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lpyna Bpeme pyna x Bpeme
F p np? F p np2 F p np?
KO6 4,49 0,04* 0,09 0,05 0,82 0,00 31,89 0,00** 0,41
KOT 19,98 0,00** 0,30 23,34  0,00** 0,34 10,61° 0,00** 0,19
KOC 5,56 0,02* 0,11 13,46  0,00** 0,23 593 0,01* 0,11
dMB 15,43  0,00%* 0,25 34,52  0,00%* 0,43 16,84 0,00** 0,27

dMBC 3,69 0,06 0,07 22,35 0,00** 0,33 13,67 0,00** 0,23
HanomeHa. F — koeduuumjeHT F-TecTa 3a 3HauvajHocT Bunkcose (Wilks) nambae; p — HMBO cTaTUCTUuKe
3HAYajHOCTM pas3finKa; Np? — napuwjanHa eTa-keagpat; /1IB1-6 — 3a4aum TJOKOMOTOPHUX BewTuHa og 1. 4o 6.
3apatka; JIBT — yKynHe HymepuyKke BpeaHOCTU JIOKOMOTOPHUX BewTuHa; JIBC — yKynHe cTaHAapau3oBaHe
BPELHOCTM NIOKOMOTOPHMX BewTMHa; KO1-6 — 3aaaum KoHTpone objekTa (MaHunynatueHe BewTuHe) o4 1. 4o 6.
3apaTka; KOT — yKynHe HymepuyKe BpeAHOCTM MaHUNynaTMBHMX BewTuHa; KOC — yKynHe cTaHgapamM3oBaHe
BPELHOCTM MaHUMYyNaTUBHUX BewTuHa; ®MB — yKynHe BpegHOCTU rpybux MOTOpUYKMX BewTuHa; PMBC —
YKyMHe CTaH4apAM30BaHe BPeAHOCTH rpybrx MOTOPUYKMX BEWTUHA; *p < 0,05; **p < 0,01.

Aunckycunja

[obujeHn pesynTaTu yKasyjy Ha jacHe pasnuke uamehy eKkcnepumeHTasHe U
KOHTPO/IHE Fpyne, Kao M Ha 3HayajHe NPOMeHe TOKOM BpemeHa y BERUHU UCNUTUBAHUX
MOTOPUYKMUX Bapujaban. CTaTUCTUUYKM 3HauyajaH edekaT dakTopa rpyne, nocebHO Kop,
Bapujabnn ca sehum BenmunHama edekra (Hnp. KO1, KO4, KOT n ®MB), cyrepuiue aa
CYy UCMUTaHMLM M3 eKCNepUMEHTaHE rpyne nmanu yKynHo 6osbe ncxoae y oaHocCy Ha
KOHTPO/IHY rpyny Beh Ha HMBOY OCHOBHUX pas/inKa. McToBpemeHo, 3HauyajaH edekaT
BpeMeHa Kopg, BesivKor bpoja Bapujabau, npaheH cpefirbUmM A0 BUCOKMM BpegHOCTUMA
np?, yKasyje Ha NoCTojarbe YKYMHOr TPEHAXKHOT MM Pa3BojHOr edeKTa y LeSOoKYNHOM
Y30PKY, NpU YemMy Cy HajuspaxkeHuja nobosbliarba youeHa y Bapujabnama /B4, PMB un
NBT. MehyTum, HajpeneBaHTHUjX HaNas NpeacTaB/ba CTaTUCTUYKM 3HaYajHa UHTEPaKLM-
ja rpyne n BpemeHa Kog sBehuHe Bapujabau, WTO jacHO yKasyje Ha TO 4a Cy NpomeHe
6une pasnnumte usmehy rpyna, o4HOCHO 43 je eKcnepumeHTaHa MHTepBeHuMja aoBe-
Na fo 3HavajHo Beher HanpeTKa y 04HOCY Ha KOHTPOJIHY rpyny. OBM pe3ynTaTt, y3 yme-
peHe ¥ BUCOKe BennunHe edekTa, AoAaTHO NoTBphyjy NpaKkTUUHY peneBaHTHOCT Npu-
MeHbeHor Nporpama y yHanpehery MoTopUUKMX neppopmMaHCch UCNUTAHMKA.

Ha ocHOBY AeCKpUNTUBHE aHa/IM3€e MHULMjAZIHUX MepeHa yo4yaBa ce Aa cy npo-
cevyHe BPeHOCTU MOTOPUYKMX NapameTapa bune candyHe namehy ekcnepumeHTanHe U
KOHTponHe rpyne y BehuHu Bapujabnu. OcTBapeHW pes3ynTatv geue npesnlKkoncKkor
y3pacTa y obe rpyne y 4OMeHy TOKOMOTOPHMX BELWTMHA BUAKM cy Yy CKNady ca pesynTa-
TMMa ApYyrux UcTpaxkusama (Duncan et al., 2019; Johnstone et al., 2017; Logan et al.,
2014). Crora, HMBOM MOTOPMYKMX BELTMHA WMCMMTAHMKA Yy OBOj CTyAujuU oarosapajy
OHMMA KOjW Cy HaBeAEeHM y NUTepaTypu 3a geuy CAnYHor y3pacta. MehyTtum, y nojeau-
HUM MWCTPa)KMBakbMMa Aela Cy OCTBapMBana HELWTO BWLIE MPOCeYHe BPeaHOCTU Y
nokomoTopHum BewTtnHama (Cliff et al., 2009; Grant-Beuttler et al., 2017; Roach &
Keats, 2018).

Kaga je pey 0 MmaHWNynaTMBHUM BelTMHaMa, A40BUjeHn pe3ynTaTu cy y cKnagy
ca npetxogHMm Hanasuma (Katani¢ et al., 2022; Newell, 2020), 4OK cy Y HEKMM CTyAU-
jama npwujaB/beHe HewTo BMwe npoceyHe BpeaHocTu (Cliff et al., 2009; Grant-Beuttler
et al., 2017; Roach & Keats, 2018). CanuHO ToOMe, pe3ynTaTh yKYMHUX rpybux motopuy-
KMX BEWITUHA o4roBapajy Hasfasuma apyrux ctyguja (Katanic et al., 2022; Katanié et al.,
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2024), nako cy y nojeguHuUm UCTpasknearbMma 3abenexkeHe suwe BpeaHocTu (Cliff et
al., 2009; Grant-Beuttler et al., 2017; Roach & Keats, 2018), fOK cy Yy CynpOTHOCTU C TUM
Y jeAHOM UCTpakuBatby yTBpheHe HuxKe BpegHoctu (Duncan et al., 2019).

KombuHoBaHa aHa/M3a BapujaHce MoKasana je no3uTuBHe edeKTe nporpama
BexKbarba 3aCHOBAHOr Ha CHa3W M U3APMK/bUBOCTU HA IOKOMOTOPHE, MaHUNyNaTUBHE U
YKynHe rpybe motopuuke BewTuHe. OBU Hanasu cy y cKAagy ca paHUjUm MUCTpakusa-
FbUMa KOja Cy NoTBpAMAA NOBOJ/bAH YTULAj CTPYKTypupaHe PpU3MUYKe aKTUBHOCTM Ha
MOTOPUYKM Pa3Boj geue NPeALlKOoICKOr y3pacTa, HapounTo y AOMEHY IOKOMOTOPHMX
(Deli et al., 2006; Duncan et al., 2019; Radanovi¢, 2018; Roach & Keats, 2018), maHuny-
natmeHux (Bellows et al., 2013; Brian et al., 2017; Duncan et al., 2019; Radanovié, 2018;
Roach & Keats, 2018) v yKRynHux rpybux moTopuukumx sewTuHa (Duncan et al., 2019;
Radanovié, 2018; Roach & Keats, 2018).

JepjaH op oyekuBaHMX uUcxoda 6uno je Behe nobosblarbe NOKOMOTOPHUX
BELWTMHA, UMajyhu y Buay Aa je nporpam 61o npumapHo cacTaB/beH o Bexbu ca con-
CTBEHOM TEe/IECHOM MacOM, Kao LITO Cy TpYakbe Yy MECTy, MOCKaKMBate U CKOKOBMU.
MocebHO MHTepecaHTaH Hanas NpeacTaB/ba TPaHCPep OBUX JIOKOMOTOPHUX aKTUBHOCTU
Ha BeLWTWHe KOHTpoJsie 06jeKTa, MaKo Nporpam Huje 6Mo ANPEKTHO YCMEPEH Ha MaHU-
nynaumjy objektuma.

Kaga cy NOKOMOTOpHM 3ajauM aHaAM3MpaHW MojegyHayHo, nobosbliakba cy
youeHa y: JIB1 (Tpuarse), JIB3 (nockakuBame) u /IB6 (6ouHo KpeTawe), JIBT (yKynHe
BPEAHOCTM NIOKOMOTOPHMUX BewTuHa) u JIBC (yKynHe cTaHZapAM30BaHe BPeAHOCTU
NIOKOMOTOPHUX BELWTUHA), AOK HWUCy yTBpheHe 3HayajHe pasauke y J1B2 (ranonuparse),
J1B4 (npeckakake) 1 JIB5 (CKOK y Aasb U3 mecTa).

Y cnyyajy 3afaTaka KOHTpose ob6jekTa, 3HavajHa nobosbliakba 3abenexeHa cy y:
KO1 (ypapatbe cTaumoHapHe nonte), KOS5 (bauare M3Hag pyke) u KO6 (KoTp/bakbe
nonte), KOT (yKynHe BpeAHOCTM MaHWMNyAaTUBHMX BewTuHa) u KOC (yKynHe cTtaHaap-
AN30BaHe BPeAHOCTU MaHUMYyNaTUBHUX BELWTUHA), JOK HWUCY yTBpheHe pasnuKke y KO2
(sohetrbe nonTe), KO3 (xBaTarbe) n KO4 (wyTupamse).

Takohe, 3HauajHa Nobosbluatba Cy OCTBApEHa y YKYNHMM Bapujabnama moTopuy-
KuX BewTnHa ®PMB (yKynHe BpegHOCTM rpybux moTopuUKmMX BewTuHa) u PMBC (ykynHe
CTaHAapAM30BaHe BPegHOCTU Fpybux MOTOPUUKMX BeWwTUHA). OBM pe3yaTaTu yKasyjy Ha
TO A3, MaKo je nporpam 61o edpukacaH y yHanpehery NOKOMOTOPHUX U MaHUNYNaTUB-
HWUX BelWTWUHA Y LeNWHUW, AeTa/bHWja aHa/aM3a Nokasyje Aa cy 3HayajHa nobosbluarba
OCTBapeHa Camo y NONOBMHU 334aTaKa, WTO cyrepuile aa ce epeKkTn He Mory reHepa-
NIN30BaTH Ha CBE MOTOPUYKE AOMEHE.

Y uenvHu, Hanasu AJoaaTHO noTBphyjy 3Hayaj CTPYKTYpUpPaHUX nporpama
Bexbara y npeLwKosickom obpasosamy. OHM Takohe yKasyjy Ha moryhHocT TpaHcdep-
edeKaTa ca aKTMBHOCTM YCMEPEHUX Ha JIOKOMOUMjy Ha nepdopmaHce Y AOMEHY KOH-
Tpone objeKTa, YaK M y OACYCTBY AWMPEKTHOr TpeHuHra. CBe HaBeAeHO Har/iallaBa
noTpeby 3a XOIMCTUYKMM NPUCTYNOM Y OCMULL/baBaky Nporpama GM3NYKOr BacnmuTaka
3a Aely paHor y3pacTa U NpeacTaB/ba YBO4, Y 3aK/byUKe KOju cnege.

OCHOBHO OrpaHuyer-e oBe CTyanje OAHOCU Ce Ha PenaTMBHO Maan y30paK Ucnu-
TaHUKa W Tpajarbe MHTEPBEHLMOHOr nporpama. OBu GpakTopu MoOry orpaHuunTM moryh-
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HOCT reHepanusaumje pesyntata. lNopeg Tora, CTyanja je cnposedeHa y OKBUPY jegHe
NnpeALWwKOoACKe YCTaHOBE, WITO A0AAaTHO YMakbyje Cnosballlkby BaJIMAHOCT Hanasa.

YNpKOC HaBeAeHWM OrpaHuW4YerMma, F1laBHa CHara OBe CTyAauje orneja ce vy
YMHbEHMLM A3 je NpBa Koja je ucnutusana edekte nporpama Bexbarba 3acHOBAHOr Ha
CHa3M U MU3APK/bUBOCTU KO Aele NpepllKoscKor y3pacta. JJogaTtHe cHare UCTpaXku-
Bakba YK/bydyjy paHAOMM30BAHWU AM3ajH, cnpoBohere eKcnepMmeHTasIHOr TpeTMaHa Y
Tpajarby of 12 Hepes/ba U cBeObYyXBATHY MPOLEHY MOTOPUYKMX BELITUHA NMPUMEHOM
uenokynHe TGMD-2 TecT 6aTepuje. Nopepg Tora, 406MjeHN cy BpeaHW Nogaum o yTuuajy
nctoppemeHe u3NYKe MHTEPBEHLMjE Ha MOTOPMYKE BELITUHE Aeue NpesLKo/CKor
y3pacTta. OBM nogaum NOTKpen/byjy CTaB Aa Aela He MOry afeKBaTHO pa3BujaTn MOTO-
puyKe BelwTnHe 6e3 nporpama ¢usmnykor Bexkbarba (Goodway & Branta, 2003), jep cam
npouec caspeBatba HUje AO0BO/baH 3a HUXOB ONTUManaH passoj (Malina et al., 2004).

byayha ucTpaxusara Tpebano 6u ga obyxsate Behe M pasHOBPCHUje y30pKe,
Kao M MHTepBEHLMje PasAnuYmUTOr Tpajarba, Kako 61 ce cTeknn ayb/bu yBUAM Y LO3HO-
oarosopHe edekte GpU3NUYKe aKTUBHOCTU Ha MOTOPMYKM PasBoj Aeue NpeawKoacKor
y3pacTta. Takohe 6u 6MN0 KOpUCHO UCNUTaTK edeKTe Nporpama Koju KomOUHyjy JoKo-
MOTOpPHE U MaHuNynaTuBHe Bexbe, Kako 6u ce yTBPAUAO A3 M UHTErPUCAHWN TPEHUHT
A0BOAM [0 LWMPUX WM YpaBHOTEXEHMjUX nobosbluatba CBUX PpYyHAAMEHTANHUX MOTO-
PUYKUX BewTuHa. Mopea Tora, Npenopy4yjy ce NOHrMTyaANHaNAHE CTyaunje pagm npoleHe
OA,PKUBOCTU YOUEHMX NOBO/bLIAHA TOKOM BPEMEHa.

3aK/byuaK

Oea cTyauja je nokasana ga 12-HeaesbHU Nporpam Bexkbakba 3aCHOBaH Ha CHa3u
N U34PXK/BMBOCTM LOBOAM A0 3HAYajHWUX NOBOsbLUAHA IOKOMOTOPHUX BELITUHA, BELITU-
Ha KOHTpose 06jeKTa M YKYMHUX MOTOPUYKUX CMOCOBHOCTM Kog Aeue NpesLuKoacKor
y3pacTta. OBuM Hanasu notephyjy eprMKacHOCT CTPYKTYPUPAHUX UHTEpBeHLMja GU3UYKOT
Berkbarba y paHOM [eTUHCTBY M Y CKNady Cy Ca Uubem cTyamje Aa ce yHanpeae ¢yH-
LAMeHTa/IHe MOTOPUYKE BELUTUHE NYTEM LU/baHOT TPEHUHTa.

MpaKTUYHe MMNAKKaLMje CY jacHe: MHTerpaLmja KoMBMHOBAHOT TPEHMHTA Y NPO-
rpame NpeALUKO/ICKMX YCTaHOBa MOXKe He camo noactahu passoj MOTOpUYKe Komne-
TeHTHOCTM Beh 1 0XpabpuTh AYropoUHO yK/byumBare geue y GU3nUKy aKTUBHOCT, Ynme
ce NoAapKasa HUXOBO 34paB/be M Pa3B0j Y CBE M3PaXKEHMjEM CeAEHTaPHOM OKPYXKEHbY.

Mnak, npuavKom Tymayera pesyntata notpebHo je yseTn y o063up oapeheHa
orpaHuyerba, YK/bydyjyh manu y3opak v nNpuKynbakbe Nodataka Ha jefHoj NoKaumju.
HeonxoaHa cy Aasba UCTpaxkuBaka Koja he obyxBaTuTu Behe U xeTeporeHuje y3opke,
Kao M KOMBWHOBaHe WAM AyroTpajHuje MHTepBeHUMje, Paau MpPoLEeHe OAPMKUBOCTU U
LWMPUHE OCTBapeHUX A0BUTaKa Y MOTOPUUYKMM BELUTUHAMA.

Y 3aK/byuKy, Bexxbarbe 3aCHOBAHO Ha CHa3W M U3APMK/bUBOCTM MOKasyje ce Kao
BpeAHa W NpakTMYHa cTpaTervja 3a yHanpehere MOTOPUYKOr pa3Boja AeLie NpeawKon-
CKOT y3pacTa. YrpagshOomM OBaKBMX NPOrpama y CBaKOAHEBHE aKTMBHOCTW, BACMUTauM U
AOHOCMOUM 04J/1yKa MOTY AONPUHETM 340aBMjUM Pa3BOjHUM MyTatbama Yy AETUHCTBY U
NOCTaBUTM TEME/bE 32 AOKMBOTHY GU3NUKY aKTUBHOCT.
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ABSTRACT

The aim of this study was to examine the effects of a 12-week strength- and
endurance-based exercise program on the fundamental motor skills (FMS) of
preschool children. A total of 47 children were randomly assigned to either an
experimental group (EG; n = 25, mean age 6.3 * 0.3 years) or a control group (CG;
n = 22, mean age 5.9 + 0.3 years). The EG participated in strength and endurance
exercises three times per week for 30 minutes, while the CG took part in regular
kindergarten activities. FMS were assessed before and after the intervention using
the Test of Gross Motor Development, Second Edition. Raw and standardized scores
were calculated for locomotor skills, object control skills, and overall gross motor
skills. Based on a two-way ANOVA, significant group x time interactions were found in
three locomotor tasks (running, hopping, and sliding) and three object control tasks
(overhand throwing, underhand rolling, and striking a ball). Post hoc analysis revealed
significant improvements from pre- to post-test in the EG, but not in the CG. Positive
effects of the program were observed in both raw and standardized scores for
locomotor skills (p <.01), object control skills (p < .02), and overall gross motor skills
(p <.01), with moderate to large effect sizes (np? = .12 — .42). These findings highlight
the importance of integrating structured physical exercise programs into early
childhood education.
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Introduction

At present, many children spend long periods in sedentary activities, such as
using mobile phones or computers for games (Colley et al., 2013). This is concerning
because physical inactivity is linked to a higher likelihood of developing cardiovascular
and metabolic disorders in childhood (Andersen et al., 2011; Ekelund et al.,, 2012;
Veijalainen et al., 2016).

Physical activity (PA) plays a key role in psychophysical development, with
positive effects on physical growth, motor development, aerobic capacity, blood
pressure, blood lipid levels, glucose metabolism, and mental health (Butcher, 1983;
King et al., 2003; Roth et al., 2010).

Therefore, children need to engage in PA to prevent obesity and achieve
numerous health benefits (Cragg & Cameron, 2006; Warburton et al., 2006). Recent
evidence also highlights that preschool children who meet activity guidelines are more
likely to achieve adequate fundamental movement skills (FMS) proficiency and long-
term health outcomes (Jones et al., 2020; Webster et al., 2019). Accordingly, leading
world health institutions promote PA and provide guidelines that recommend that
preschool children engage in at least 60 minutes of moderate to high-intensity PA
(Guan et al., 2020).

Low levels of PA can negatively affect motor development, as children who do
not engage in sufficient PA have reduced ability to develop motor skills needed for
sports and other physical activities (Lubans et al., 2010). FMS are widely recognized as
the foundation of motor competence and later physical activity (Hulteen et al., 2018;
Newell, 2020), being particularly crucial in early childhood, when a child encounters
new situations and challenges. Through physical exercise, children acquire basic motor
skills, improve coordination, balance, and develop object control abilities. Systematic
reviews confirm strong associations between motor skill competence, physical activity,
and broader aspects of preschool development (Figueroa & An, 2017; Malambo et al.,
2022). These skills not only support children in their daily lives but also prepare them
for participation in sports and other physical activities later in life (Stodden et al., 2008;
Venetsanou et al., 2015).

Although many studies have examined the impact of structured exercise on
children’s motor abilities, relatively few have specifically addressed FMS in preschool-
aged populations. Recent studies examining the impact of PE on the movement skills of
preschool children have shown positive effects of PE in most locomotor and object
control tasks compared to the control group (Brian et al., 2017; Duncan et al., 2019;
Radanovié, 2018; Roach & Keats, 2018). In contrast, the study of Alhassan et al. (2012)
showed no difference between the groups. Other recent intervention in preschoolers,
such as aerobic exercises, yoga, or general exercise programs, consistently showed
benefits for motor and cognitive abilities (Aleksi¢ Veljkovi¢ et al., 2021; Katanic et al.,
2022, 2024). Similar results were observed when comparing motor proficiency between

166



Effects of a 12-week strenght- and endurance-based exercise program on fundamental ...

healthy-weight and overweight preschoolers (Banjevic¢ et al., 2022) and when exploring
associations between motor and cognitive abilities (Katani¢ et al., 2025). However,
none of these studies specifically targeted a structured strength- and endurance-based
program. A recent meta-analysis confirmed that structured interventions have a
stronger impact on locomotor skills in preschool children than unstructured ones,
especially when implemented over a longer duration (Chen et al., 2024). More recently,
structured approaches such as functional and neuromuscular exercises have also
shown improvements in FMS and fitness in preschool and early school-age children
(Wang et al., 2025; Zhang et al., 2024). However, these interventions did not specifically
target a combined strength and endurance approach.

Moreover, while numerous physical exercise programs exist, leading
organizations such as the WHO and the US Department of Health and Human Services
recommend that children aged 5-6 perform at least 60 minutes of PA daily, including
both aerobic and strength components (USDHHS, 2008; World Health Organization,
2010).

Although the effects of combined strength and endurance exercise are well-
documented in adults (Huiberts et al.,, 2024; Pito et al., 2022), but remain largely
unexplored in preschool children. This gap in knowledge justifies the present study.

This longitudinal research aimed to evaluate the effects of a 12-week strength-
and endurance-based exercise program on FMS in preschool children. Based on
previous evidence, we hypothesized that the intervention group would achieve
significantly greater improvements in FMS compared with peers in regular kindergarten
activities.

Method
Participants

This randomized controlled longitudinal study included 47 preschool children
aged 5-6 years. Participants were randomly allocated into an intervention group (IG;
n = 25; 6.35 + 0.32 years), and a control group (CG; n = 22; 5.90 + 0.27). The sample
included both boys and girls, all recruited from the same preschool institution to ensure
environmental homogeneity (Table 1).

Eligibility required children to be free from any medical condition that could
limit safe participation in physical activity. Exclusion criteria included chronic illness,
recent injuries, or lack of parental consent. Written informed consent was obtained
from all parents/legal guardians, who also provided demographic information and
medical assessment forms.

The research was approved by the Ethics Committee of the University of Nis
(Ref. No. 04-1186/2) and conducted in accordance with the Declaration of Helsinki.
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Table 1
Descriptive indicators of the sample of respondents

Variable EG CG
Number of children 25 22
Sex B?ys: 14 B.oys: 9
Girls: 11 Girls: 13
Age 6.35+0.32 5.90£0.27
BM (kg) 25.08 +4.28 22.60 + 3.60
BH (m) 1.22 £0.05 1.17 £0.05
BMI (kg/m2) 16.90+1.95 16.42 £ 1.65

Note. EG = Experimental group; CG = Control group

Research Design

This study used a mixed longitudinal experimental design with pre- and post-test
measurements. Testing of all participants was conducted immediately before (initial
measurement) and after the 12-week intervention program (final measurement).

The measurements were conducted in the physical activity hall of the preschool
institution at the same time of the day (11:00 a.m.) to minimize circadian influences,
with ambient temperature between 22-26 °C. The intervention lasted 12 weeks, with
measurements at baseline (week 0) and after completion (week 12).

Instruments

Anthropometric  characteristics were  measured using standardized
anthropometric instruments (GPM, Switzerland) and an international procedure (Eston
& Reilly, 2013). Body mass index (BMI) was calculated as weight (kg) / height (m?). BMI
is strongly correlated with body fat and serves as an indicator of nutritional status in
children (Wilmore et al., 2022).

Fundamental Movement Skills (FMS) were evaluated using the Test of Gross
Motor Development, Second Edition (TGMD-2). This instrument consists of 12
movement tasks divided into two subtests: locomotor skills (LS) and object control
(OC). LS includes six locomotor tasks: LS1 — running, LS2 — galloping, LS3 — hopping, LS4
— leaping, LS5 — horizontal jumping, LS6 — sliding. OC includes six object manipulation
tasks: OC1 — striking a stationary ball, OC2 — dribbling, OC3 — catching, OC4 — kicking,
OC5 — overhead throwing, OC6 — rolling.

Using the standardized TGMD tables, results were converted into age-adjusted
values, producing locomotor skills (LSS), object control (OCS), and a total FMS score
(FMSS) (Ulrich, 2000).
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The Experimental Program

The intervention consisted of a strength- and endurance-based exercise
program created in accordance with the National Association for Sport and Physical
Education (USA) guidelines, which recommend both aerobic- and strength-based
activities for preschool children (USDHHS, 2008).

The program lasted 12 weeks, with three sessions per week, each lasting 30
minutes. The structure of each session comprised a warm-up phase (5 min), a primary
exercise phase (20 min), and a cool-down phase (5 min). The program was
implemented during the children's regular preschool activities, while the control group
(CG) engaged in free-play activities during the same period.

The warm-up included aerobic dynamic exercises such as marching or light
skipping, along with shaping movements. The main phase consisted of intervals of high-
intensity activity (30 seconds) alternated with low-intensity bodyweight exercises (30
seconds).

The program consisted of bodyweight exercises commonly used in group fitness,
with an emphasis on strengthening the muscles of the upper limbs, chest, and shoulder
girdle (push-up variations and other weight-bearing support exercises); the trunk (sit-
ups and planks); and the lower limbs (squats, lunges, jumps, and running in place).

Each complex (1 high + 1 low intensity exercise) was repeated twice, with 8-10
complexes per session. In the cool-down phase, stretching and relaxation exercises
were performed (Table 2; Figure 1).

Table 2
An overview of the physical exercise program

Training session Activity Duration
Low i . - -

Warm-up ow |r1ten5|ty aerobic and shaping 5 min
exercises
Complex: 1 exercise of high 30" -

Main activity 1 exercise of low intensity 30" x 2 20 min
(8-10 complexes)

Cool down Stretching and breathing exercises 5 min
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Figure 1
Example of the main part of the training session for the experimental group (Rey, 2017)

No. Exercise description Exercise I — higher intensity (30 sec) Exercise II — lower intensity (30 sec) Sets
1. I - Two-footed forward— e S X2

backward jumps; 150 A0
II - Alternating leg abduction - ]
(one leg, then the other). ] L T8

=]

I - From a wide stance, lower <} - X2
into a squat and jump upward !
(not continuous/jumps); ~ Ly (G,
II — Marching with knee raises = I
and hand-to-knee contact,
alternating legs.
3. I - From running in place, drop - » X2
into a high plank position and B 5
extend one arm forward, then ¢ 3 S |
the other, and return to running e
in place;
II — “Grape picking” exercise. .
1 minute of light marching with deep breathing (inhale—exhale).
4. I - Jumping jacks (from a feet- - X2
together stance to a wide stance =) o 3
with arms raised overhead); g )
II - In a single-leg stance,
perform arm movements from =i |
lateral abduction to forward i
raise, alternating positions.
I - From munning, on every - n X2
third step perform one lunge 7 L) e A
step, then three ground 12 ! \ i
contacts, then other leg; i 14
II — Marching twice with ; L\
forward trunk flexion
6. I - Skipping, and on every 5th ” X2
contact drop into a lunge and P
perform a vertical jump. then
skipping and switch legs:
II — Marching with lower-leg
extension (and knee extension).
1 minute of light marching with deep breathing (inhale—exhale).
7. I - High skipping (high knees), P — X2
on every 3rd step hold the i A # ?
position for 1 second;
I - From a forward bend into
an arch position, diagonal
movement (other side). .
g I—In a high plank position, # r
perform alternating trunk 4
rotations to both sides; L 5 }
II — Marching with arms : 5 i
abducted (side raises). =t

w

9. I- Two jumps + two arm 2 X2
raises with a clap overhead; gl Fal
II - Back extension (prone ) }
trunk extension).

Statistical Analysis

Descriptive statistics, expressed as means and standard deviations, were
computed for all variables. In the course of preliminary analyses, the distributional
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characteristics of the data were assessed based on the coefficients of skewness and
kurtosis as measures describing deviations from symmetry and normal distribution. In
addition to these indices, a visual inspection of Q-Q plots was performed, along with
the analysis of skewness and kurtosis values (Tables 3 and 4). The results indicated that
the distributions of the examined variables did not show substantial deviations from
normality.

To evaluate the effects of the intervention, a mixed-design repeated measures
ANOVA 2 x 2 was applied. This statistical model allows for the analysis of three effects:
the main effect of group (differences between the experimental and control groups),
the main effect of time (changes between baseline and post-intervention
measurements), and the interaction effect of group and time (differential patterns of
change between groups).

The level of statistical significance was set at p < .05 (two-tailed).Effect sizes
were calculated to assess the practical significance of the results. Partial eta-squared
values obtained from the ANOVA were converted into Cohen’s d, and additional group-
specific pre—post effect sizes were calculated using the formula:

_ Mppep = Mpre
- (1)

3Dpgoled

Interpretation of Cohen’s d followed conventional thresholds: trivial (< .20),
small (.20-.50), moderate (.50-.80), large (.80-1.30), and very large (> 1.30) (Cohen,
1988). All statistical analyses were performed using IBM SPSS Statistics, version 26.0
(IBM Corp.).

Results

Table 3 presents descriptive values for all motor skills in the experimental group
(IG). Standard deviations indicate moderate variability in results among participants,
while the range of observed values shows that participants utilized nearly the full scale
range for most variables, suggesting satisfactory measurement discriminativeness. It is
important to highlight the mean values for the total standardized variables LVS (6.68 +
1.63), KOS (7.08 £ 1.42), and FMVS (13.76 + 2.71).

Measures of distribution shape indicate that skewness coefficients ranged from -
0.81 to 0.94, while kurtosis coefficients ranged from -1.17 to 0.81. The obtained
skewness values fall within acceptable limits, and kurtosis values are also within the
reference range, indicating no substantial deviations from normality. Negative
skewness values for most variables suggest a slight left-sided asymmetry, whereas
positive values for some variables (e.g., KO1) indicate a slight right-sided asymmetry.
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-[r)ae:::iiZtive data at baseline measurement for the experimental group (1G)
M SD Minimum  Maximum Range Skewness Kurtosis
LS1 4.52 1.39 1.00 7.00 6.00 -0.66 0.52
LS2 4.92 1.55 2.00 7.00 5.00 -0.58 -0.39
LS3 6.32 1.41 3.00 9.00 6.00 -0.33 0.02
LS4 3.64 1.11 1.00 5.00 4.00 -0.78 -0.10
LS5 4.04 1.02 2.00 6.00 4.00 -0.09 0.20
LS6 5.48 1.08 3.00 7.00 4.00 -0.69 0.56
LST 28.92 5.02 16.00 37.00 21.00 -0.81 0.81
LSS 6.68 1.63 3.00 9.00 6.00 -0.57 -0.25
oc1 5.04 1.97 2.00 10.00 8.00 0.94 0.59
oc2 4.08 1.55 1.00 7.00 6.00 -0.07 -0.78
0oc3 4.36 0.70 3.00 5.00 2.00 -0.64 -0.64
0OC4 4.60 1.61 2.00 7.00 5.00 0.07 -1.17
0C5 4.76 1.20 3.00 7.00 4.00 0.19 -0.76
0ce 4.36 1.04 2.00 6.00 4.00 -0.33 -0.25
OoCT 27.20 4.77 18.00 37.00 19.00 0.17 -0.14
ocCs 7.08 1.42 4.00 10.00 6.00 0.14 -0.08
GMST 56.12 8.68 37.00 72.00 35.00 -0.25 0.08
GMSS 13.76 2.71 7.00 19.00 12.00 -0.35 0.42

Note. M — arithmetic mean; SD — standard deviation; Minimum — minimum value; Maximum — maximum
value; Skewness — coefficient of asymmetry; Kurtosis — coefficient of distribution peakedness; LS1-6 —
locomotor skill tasks from task 1 to 6; LST — total raw scores of locomotor skills; LSS — total standardized
values of locomotor skills; OC1-6 — object control (manipulative skill) tasks from task 1 to 6; OCT — total raw
scores of manipulative skills; OCS — total standardized values of manipulative skills; GMST — total gross motor
skill scores; GMSS — total standardized values of gross motor skills.

Table 4 presents descriptive values of motor skills in the control group (CG).
Standard deviations indicate moderate variability in results among participants, while
the range of observed values also shows that participants utilized nearly the full scale
range for most variables, suggesting satisfactory measurement discriminativeness. It is
important to highlight that the mean values for the total standardized variables LVS
(7.09 + 1.60), KOS (6.86 + 1.73), and FMVS (13.95 + 2.97) are relatively similar to those
observed in the experimental group (IG).

Measures of distribution shape indicate that skewness coefficients ranged from -
0.71 to 0.99, while kurtosis coefficients ranged from -0.98 to 1.85. The obtained
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skewness values fall within acceptable limits, and kurtosis values are also within the
reference range, indicating no substantial deviations from normality. Negative
skewness values for a larger number of variables suggest a slight left-sided asymmetry,
whereas positive values for certain variables (e.g., KO5 and KO6) indicate a slight right-
sided asymmetry; however, no consistent pattern of skewness dominance was
observed, as it varied depending on the variable.

-g:’glcii:tive data at baseline measurement for the control group (CG)

M SD Minimum  Maximum Range Skewness Kurtosis
LS1 5.00 1.27 3.00 7.00 4.00 0.31 -0.92
LS2 4.86 1.39 2.00 7.00 5.00 -0.09 -0.66
LS3 6.09 1.19 4.00 8.00 4.00 -0.01 -0.70
Lsa 291 127 1.00 6.00 5.00 0.65 0.17
LS5 4.18 1.05 3.00 6.00 3.00 0.41 -0.97
LS6 5.50 1.30 3.00 8.00 5.00 -0.07 -0.72
LST 28.55 4.75 21.00 39.00 18.00 0.39 -0.51
LSS 7.09 1.60 5.00 11.00 6.00 0.68 0.42
oc1 4.32 1.70 2.00 8.00 6.00 0.79 0.45
oc2 3.55 1.47 1.00 7.00 6.00 0.59 0.07
0c3 3.77 1.07 2.00 6.00 4.00 0.24 -0.61
oca 2.95 1.05 1.00 5.00 4.00 0.10 -0.98
ocs 4.64 1.18 3.00 8.00 5.00 0.99 1.85
0cé6 4.77 0.81 3.00 6.00 3.00 -0.71 0.60
ocT 24.00 4.51 15.00 33.00 18.00 0.13 -0.10
ocs 6.86 1.73 4.00 11.00 7.00 0.54 0.64
GMST 52.55  8.03 40.00 70.00 30.00 0.34 -0.67
GMSS 13.95 297 10.00 22.00 12.00 0.75 1.20

Note. M — arithmetic mean; SD — standard deviation; Minimum — minimum value; Maximum — maximum
value; Skewness — coefficient of asymmetry; Kurtosis — coefficient of distribution peakedness; LS1-6 —
locomotor skill tasks from task 1 to 6; LST — total raw scores of locomotor skills; LSS — total standardized
values of locomotor skills; OC1-6 — object control (manipulative skill) tasks from task 1 to 6; OCT — total raw
scores of manipulative skills; OCS — total standardized values of manipulative skills; GMST — total gross motor
skill scores; GMSS — total standardized values of gross motor skills.

Table 5 presents baseline and post-intervention values of motor variables in the

experimental (IG) and control (CG) groups. In the experimental group, improvements
are observed in all examined variables, both in individual tests and composite scores.
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The most pronounced improvement is evident in the overall indicators, where LVT
increased from 28.92 + 5.02 to 35.12 + 4.63, KOT from 27.20 + 4.77 to 33.04 £ 5.22, and
FMV from 56.12 + 8.68 to 68.16 + 8.51.

Additionally, all individual locomotor variables (LV1-LV6) show a consistent
increase in the experimental group, with the most notable improvements observed in
LV1 (from 4.52 + 1.39t0 6.12 + 1.13) and LV4 (from 3.64 + 1.11 to 4.84 + 0.99). A similar
trend is evident for LVS (from 6.68 + 1.63 to 8.60 * 1.53) and FMVS (from 13.76 + 2.71
t0 17.48 £ 3.10).

In the control group, changes are considerably smaller and inconsistent. While
slight improvements are observed in some variables (e.g., KO3 and KO4), stagnation or
even decreases are present in others (e.g., KO1 and KO6). Overall results also indicate
minimal changes, with KOT increasing from 24.00 + 4.51 to 25.14 + 5.09 and FMV from
52.55 + 8.03 to 54.68 + 8.70.

Table 5
Descriptive indicators of the examined variables at baseline and post-intervention measurements
in the experimental and control groups

Variables . FG . . cG .
Initial Final Initial Final

LS1 4.52+1.39 6.12+1.13 5.00 £ 1.27 5.18 +1.05
LS2 492 +1.55 5.80+1.53 4.86+1.39 495+1.17
LS3 6.32+1.41 7.04+1.34 6.09£1.19 5.45+0.91
LS4 3.64+1.11 4.84+£0.99 2.91+1.27 4.18 £1.05
LS5 4.04£1.02 4.92 +0.86 4.18 +1.05 4.55+0.86
LS6 5.48 £1.08 6.40+1.00 5.50+1.30 5.23+1.11
LST 28.92 +5.02 35.12 +4.63 28.55+4.75 29.55+4.49
LSS 6.68 £1.63 8.60£1.53 7.09+1.60 7.18+1.62
0C1 5.04+1.97 6.16 + 1.25 4.32+1.70 3.82+1.10
0cC2 4.08 £1.55 5.00 £+ 1.68 3.55+1.47 391+1.54
0cC3 4.36+0.70 5.00 £ 0.87 3.77 £1.07 4.55+0.74
0c4 4.60+1.61 5.16 £1.52 2.95+1.05 3.95+1.53
0C5 476 £1.20 6.48 +1.00 4.64+1.18 5.09 +1.02
(e]63) 4.36+1.04 5.24+1.01 4.77 £0.81 3.82+1.05
ocT 27.20+4.77 33.04+5.22 24.00 +4.51 25.14 +5.09
ocs 7.08+1.41 8.88£1.90 6.86 £1.73 7.23+1.69
GMST 56.12 + 8.68 68.16 + 8.51 52.55+8.03 54.68 + 8.70
GMSS 13.76 £2.71 17.48 £3.10 13.95+2.97 14.41+3.11

Note. LV1-6 — locomotor skill tasks from task 1 to 6; LVT — total raw scores of locomotor skills; LVS — total
standardized values of locomotor skills; KO1-6 — object control (manipulative skill) tasks from task 1 to 6; KOT
— total raw scores of manipulative skills; KOS — total standardized values of manipulative skills; FMV — total
gross motor skill scores; FMVS — total standardized values of gross motor skills; IG — experimental group; CG —
control group.
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The results of the mixed-design repeated measures ANOVA (2 x 2) (Table 6)
indicate significant effects of the group factor, time factor, and their interaction across
a large number of examined variables.

The effect of the group factor was statistically significant for most variables,
particularly for LV3 (p = .004; np? = .169), LV4 (p = .011; np? = .136), LVT (p = .019;
np? = .117), KO1 (p < .001; np? = .349), KO4 (p < .001; np? = .260), KOS5 (p = .002;
np? = .186), KOT (p < .001; np? = .308), KOS (p = .023; np? = .110), and FMV (p < .001;
np? = .255), indicating baseline differences between the experimental and control
groups at the level of main effects.

The effect of time was statistically significant for most variables, with particularly
notable effects observed for LV1 (p < .001; np? = .314), LV4 (p < .001; np? = .484), LV5
(p < .001; np? = .227), LVT (p < .001; np? = .404), LVS (p < .001; np® = .336), KO3
(p < .001; np? = .339), KO4 (p = .001; np* = .208), KOS5 (p < .001; np? = .351), KOT
(p < .001; np? = .342), KOS (p = .001; np? = .230), FMV (p < .001; np? = .434), and FMVS
(p < .001; np? = .332), indicating significant changes between baseline and post-
intervention measurements in the overall sample.

Most importantly, the group x time interaction was statistically significant for a
large number of variables, including LV1 (p = .001; np? = .225), LV3 (p = .002;
np? = .200), LV6 (p = .001; np? = .235), LVT (p < .001; np? = .261), LVS (p < .001;
np? = .336), KO1 (p = .018; np? = .119), KOS5 (p = .006; np? = .155), KO6 (p < .001;
np? = 0.415), KOT (p = .002; np? = .191), KOS (p = .019; np? = .117), FMV (p < .001;
np? =.272), and FMVS (p = .001; np? = .233), indicating that changes over time differed
between the experimental and control groups.

It is particularly important to emphasize that the significant interaction effects
were accompanied by moderate to large effect sizes (np2), suggesting that the
intervention had a meaningful and practically significant impact on the improvement of
motor performance compared to the control group.

Table 6
Effects of the physical exercise program on motor skills
Group Time Group x Time
F p np? F p np? F p np?
LS1 0.59 A4 .013 20.57 .00** 31 13.03 .00** 22
LS2 1.60 21 .035 4.94 .03* .09 3.26 .07 .06
LS3 9.16 .00** .16 0.04 .83 .00 11.24  .00** .20
LS4 7.05 .01* 13 42.16 .00** 48 0.03 .84 .00
LS5 0.28 .59 .00 13.19 .00** .22 2.27 13 .04
LS6 4.04 .05 .08 4.07 .05 .08 13.82 .00** .23
LST 5.94 .01* A1 30.53 .00** .40 15.92  .00** .26
LSS 1.47 .23 .03 22.73 .00** .33 22.73  .00** .33
0cC1 24.15 .00%* .34 0.88 .35 .01 6.05 .01* 11
0C2 4.30 .04* .08 7.29 .01* .14 1.37 .24 .03
0C3 6.76 .01* 13 23.03 .00** .33 0.20 .65 .00
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Group Time Group x Time

F p np’ F p np’ F p np’
oc4 15.83 .00** .26 11.84 .00** .20 0.94 .33 .02
0OC5 10.30  .002** .18 24.29 .00** .35 8.22  .00** .15
0Ceé 4.49 .040* .09 0.05 .82 .00 31.87 .00** 41
ocT 19.98 .00** .30 23.34 .00** .34 10.61 .00** .19
0ocCs 5.56 .023* A1 13.46 .00** .23 5.93 .01* A1
GMST 15.43 .00** .25 34.52 .00** .43 16.84 .00** .27
GMSS 3.69 .061 .07 22.35 .00** .33 13.67 .00** .23

Note: F — F-test coefficient for the significance of Wilks’ lambda; p — level of statistical significance; np? —
partial eta squared; LV1-6 — locomotor skill tasks from task 1 to 6; LVT — total raw scores of locomotor skills;
LVS — total standardized values of locomotor skills; KO1-6 — object control (manipulative skill) tasks from task
1 to 6; KOT — total raw scores of manipulative skills; KOS — total standardized values of manipulative skills; FMV —
total gross motor skill scores; FMVS — total standardized values of gross motor skills; * p <.05; ** p <.01.

Discussion

The obtained results indicate clear differences between the experimental and
control groups, as well as significant changes over time in most examined motor
variables. The statistically significant effect of the group factor, particularly in variables
with larger effect sizes (e.g., KO1, KO4, KOT and FMV), suggests that participants in the
experimental group achieved overall better outcomes compared to the control group
already at the level of baseline differences. At the same time, a significant time effect
across a large number of variables, accompanied by moderate to large np? values,
indicates an overall training or developmental effect in the entire sample, with the
most pronounced improvements observed in LV4, FMV, and LVT.

However, the most relevant finding is the statistically significant group x time
interaction for the majority of variables, which clearly indicates that changes differed
between groups, i.e., that the experimental intervention led to significantly greater
improvements compared to the control group. These results, together with moderate
and large effect sizes, further confirm the practical relevance of the applied program in
enhancing participants’ motor performance.

Based on the descriptive analysis of the initial measurements, it is noticeable
that the average values of motor parameters were similar between the experimental
and control groups in most variables. The achieved results of preschool-aged children in
both groups in locomotor skills were consistent with the results of other studies
(Duncan et al., 2019; Johnstone et al., 2017; Logan et al., 2014). Thus, the motor skill
levels of participants in this study correspond to those reported in the literature for
children of similar age. However, in certain studies, children achieved slightly higher
average values in locomotor skills (Cliff et al., 2009; Grant-Beuttler et al., 2017; Roach &
Keats, 2018).

Regarding manipulative skills, the results obtained are in line with previous
findings (Newell, 2020; Katani¢ et al., 2022), while some studies have reported slightly
higher average values (Cliff et al., 2009; Grant-Beuttler et al., 2017; Roach & Keats,
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2018). Similarly, gross motor skill outcomes correspond to results from other studies
(Katanic¢ et al., 2022; 2024), although higher values have been reported elsewhere (Cliff
et al., 2009; Grant-Beuttler et al., 2017; Roach & Keats, 2018), while in contrast, lower
values were found in another investigation (Duncan et al., 2019).

The combined analysis of variance revealed positive effects of strength- and
endurance-based exercise program on locomotor, manipulative, and overall gross
motor skills. These findings are consistent with earlier research that has confirmed the
beneficial influence of structured physical activity on motor development in preschool
children, particularly in locomotor (Deli et al., 2006; Duncan et al., 2019; Radanovic,
2018; Roach & Keats, 2018), manipulative (Bellows et al., 2013; Brian et al., 2017;
Duncan et al., 2019; Radanovic, 2018; Roach & Keats, 2018) and overall gross motor
skills (Duncan et al., 2019; Radanovic, 2018; Roach & Keats, 2018).

One expected outcome was the greater improvement in locomotor skills, given
that the program was primarily composed of bodyweight exercises such as running in
place, hopping, and jumping. A particularly interesting finding was the transfer of these
locomotor activities to object control skills, even though the program did not directly
target object manipulation.

When locomotor tasks were analyzed individually, improvements were observed
in LV1 (running), LV3 (hopping), LV6 (lateral movement), LVT (total raw values of
locomotor skills), and LVS (total standardized values of locomotor skills), while no
significant differences were found in LV2 (galloping), LV4 (jumping over), and LV5
(standing long jump).

In the case of object control tasks, significant improvements were recorded in
KO1 (striking a stationary ball), KO5 (overhand throwing), and KO6 (rolling the ball), as
well as in KOT (total raw values of manipulative skills) and KOS (total standardized
values of manipulative skills), whereas no differences were found in KO2 (dribbling),
KO3 (catching), and KO4 (kicking).

Furthermore, significant improvements were achieved in the overall motor skill
variables FMV (total gross motor skill scores) and FMVS (total standardized gross motor
skill scores). These results indicate that, although the program was effective in
improving locomotor and object control skills overall, a more detailed analysis shows
that significant improvements were achieved in only half of the tasks, suggesting that
the effects cannot be generalized across all motor domains.

Overall, the findings reinforce the importance of structured exercise
interventions in preschool education. They also highlight the potential for transfer
effects from locomotor-focused activities to object control performance, even in the
absence of direct training. All of this underlines the need for a holistic approach in
designing physical education programs for young children and sets the stage for the
conclusions presented below.
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The primary limitation of the present study concerns the relatively small sample
size and the duration of the intervention program. These factors may restrict the
generalizability of the results. In addition, the study was limited to a single preschool
institution, which further constrains the external validity of the findings.

Despite these limitations, the main strength of this study lies in the fact that it is
the first to examine a strength- and endurance-based exercise program in preschool
children. Also, strengths of the study include the fact that a randomized trial was
conducted, an experimental treatment was carried out for 12 weeks, and motor skills
were thoroughly examined using the entire TGMD-2 test scale. Furthermore, valuable
data were obtained on the impact of concurrent physical exercise intervention on
preschool children's motor skills. These data support the fact that children cannot
develop motor skills without physical exercise programs (Goodway & Branta, 2003)
because the maturation process alone is insufficient for adequate development of
motor skills in children (Malina et al., 2004).

Future investigations should include larger and more diverse samples, as well as
interventions of varying duration, to provide deeper insights into the dose-response
effects of physical activity on motor development in preschoolers. It would also be
valuable to explore the effects of programs that combine locomotor and object control
exercises, to determine whether integrated training yields broader or more balanced
improvements across all fundamental movement skills. Longitudinal studies are further
recommended to assess the sustainability of the observed improvements over time.

Conclusion

This study demonstrated that a 12-week strength- and endurance-based
exercise program produced significant improvements in locomotor, object control, and
overall motor skills in preschool children. These findings confirm the effectiveness of
structured exercise interventions in early childhood and align with the study’s objective
of enhancing fundamental movement skills through targeted training.

The practical implications are clear: integrating concurrent training into
preschool curricula may not only foster motor competence but also encourage long-
term engagement in physical activity, thereby supporting children’s health and
development in an increasingly sedentary environment.

Despite the positive outcomes observed, interpretation of the results should
account for certain limitations, including a limited sample size and data collection at a
single site. Further research involving larger and more heterogeneous samples is
warranted, as well as exploring combined or longer interventions to assess the
sustainability and breadth of motor skill gains.

In conclusion strength- and endurance-based exercise emerges as a valuable and
practical strategy for promoting motor development in preschoolers. By embedding
such programs into daily routines, educators and policymakers can contribute to
healthier childhood trajectories and lay the foundation for lifelong physical activity.
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