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AHorania

Merta gocnimKeHHs — BM3HAYNTY iHPOpPMaTHBHI NOKa3HUKM QYHKIIOHATbHOI i pyX0BOI IiiIrOTOBIEHO-

CTi cTyzienTiB 1-5-10 KypciB.

Marepianu Ta MeTogu. Y OCIPKEHHI B3/ y4acTb YO/MIOBiKY Hepioro (n = 67), gpyroro (n = 66), Tpe-
THOTO (N = 62), geTBepTOro (n = 45), w’siroro (n = 56) Kypcy. st BupilieHHs 3aBaHb Oy/1u 3aCTOCOBaHi
TaKi MeTO[M NOCIIKEHHA: aHa/Ii3 HayKOBOI JIiTepaTypu, IeJaroridyie CloCTePeKeHH s, IIeJaroriyte Te-
CTyBaHH; METOf iHJeKCiB Ta MeuKo-6ionoriuni Metoan. Ilefaroriuti MeTORM BUKOPYUCTAHI /IS BUBYEH-
Hs 0co0/MMBOCTEN PYHKIIIOHAIBHOTO CTaHy OPraHisMy Ta PyX0OBMX 31i0HOCTeNl y CTyfieHTiB 1-5-T0 KypciB
BUILVIX HABYA/IbHNX 3aK/IA[IiB; /i 00poOKM JaHuX — GaKTOPHMIT aHATI3.

Pesynbrarn. 3a infexcom Pyd’e ctymenTr 1-2 KypciB OL[HIOIOTHCS SIK TaKi, 110 MAIOTh CepefHill piBeHb
mpanesfiaTHOCTi cepuA. CrymeHTH 3-5 KypciB MaloTh 3a/I0Bi/IbHMIT piBeHb Ipalie3aTHOCTI ceplid. 3a 1o-
kasHukamy n1po6 Illranre i Tenyi ctrygenTy 1-5 KypciB OLiHIOIOTHCA 5K 3[I0POBi TpeHOBaHI. 3a IOKa3HN-
Kamu mpo6u Pombepra BulIli pesy/IbTaTy HOKa3yIOTh CTYIEHTY IEPIIOTo i I ATOT0 KYPCY HDK CTYeHTH
Ipyroro, TpeThoro i yerseproro Kypcis (p < 0,001; p < 0,001; p < 0,006 BignosinHo). HaitHik4i pesynbra-
TH Y CTYAEHTIB TPETbOTro Kypcy. Pesymbratu mpobu OL[iHIOIOTbCS AK TaKi, IIJ0 HIDKYE HOPMIL.

BucHoBku. AHai3 pyxoBoi i GpyHKIIOHaTbHOI MiITOTOBIEHOCTI CTYAEHTIB 1-5 KypciB JO3BO/IMB BU3HA-
YWUTH, IO B iX CTPYKTYpi nepuiuM GpakTopoM € PyHKI[iOHATbHUI CTaH JUXaTbHOI CUCTEMH, JPYTUM —
IIBMIKICHA CHJIOBA i c1yIoBa mifrorosneHicTs. HariBuiny indpopmaruBHicTb MaioTh: 1 Kypc — mpobu
IMranre (0,822) ta lenui (0,741); 2 kypc — mpob6a lendi (0,758) nHaitHiokay inpexc Pyd’e (0,11); 3 xypc —
«Ctpubok y foBxuHy 3 micus» (0,741) ta mpo6a lenui (0,723); 4 kypc — npo6u ltanre (0,927) ta Tenwui

(0,810); 5 kypc — npoba lranre (0,799).

Kirouosi croBa: qonosiky, QyHKIiOHa/IbHMIT CTaH, PYX0Bi 34i6HOCTI, PpakTOpHMIT aHAi3.

Bctyn

3HIDKeHH:A (i3NyHOI aKTMBHOCTI i Mo-
TUBALl 10 3aHATb (Pi3MYHOI KY/IbTYpPOI Y HOPOC-
NIMX, @ TAKOX Y JiTeil Ta MONOAi € TI00aNTbHNUM SABU-
memM (Sigmundova, Chmelik, Sigmund, Feltlova &
Fromel, 2013; Chacon-Cuberos, Badicu, Zurita-Ortega
& Castro-Sanchez, 2018; Imas, Dutchak, Andrieieva,
Kashuba, Kensytska & Sadovskyi, 2018). B ocranHiit
4ac B LIJIOMY 110 KpaiHi CTajlo MOMITHUM IIOTipIIEHHA

© Yepnenko C,, Jonyapenxo O., Mapuenko C., 2019.
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CTaHy 3[J0POB’s i 3HIDKEHHS PyXOBOI MiATOTOB/IEHO-
CTi CTYJeHTiB. Tak, craTMCTMYHI TOKA3HMKY, HaBemeH1
Jlep>xaBHUM KoMiTeToM YKpaiHM 3 NUTaHb (i3MyHOI
KyIbTYpH i criopTy Ta Jep>XaBHIUM KOMITETOM MOJIO-
IiKHOI IOJITUKY, CIIOPTY 1 TypusmMy YKpaiHu, CBif-
4aTh Npo Te, o 90 % CTyNeHTiB MalOTh BiIXM/IEHHA Y
cTaHi 370poB’s, 50 % — He3a/[oBibHMIL piBeHDb (isnmy-
HOI MiIrOTOBNIEHOCTI, 18 % — He MOXYTb 3aiiMaTICA
¢disuvHOI0 HigroToBKOW 3a cTaHoM 3710poB’s (ToBT,
2000).

Hocnmimxenns PaeBcpkoro Ta Xamanmku (2007),
Vinbuand (1991) cipsaMoBaHO Ha BUBYEeHH: Ipodeciii-
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HO-TIPUK/IaHOI (i3VYHOI IMiITOTOBKY CTYZIeHTIB 3a 00-
PaHVMI HallpsAMaMI, BU3HAYEHHS IPOBITHNX (i3MIHIX
Axocreit i pynkuin opranismy (Kramer, 2010; Kolumbet,
2016), 3aco6iB mepeBa>kHOI CIIPSIMOBAHOCTI Ha IpaK-
TryHUX 3aHATTAX y BH3 (Osipov, Kudryavtsev, Markov,
Kuzmin, Nikolaeva, Zemba & Yanova, 2018; Kuzmin,
Kopylov, Kudryavtsev, Galimov & Iermakov, 2015).

3Ha4yHO MeHIIe JOCIiJ)KeHb CIPsAMOBAHO Ha BU-
BUEHH: (PYHKI[iOHAaJIbHUX OCOOIMBOCTEIl CepIieBO-CY-
JOVIHHOI i IMXanbHOI CUCTEM, PYXOBOI ITiZIrOTOBIEHOCTI
CTYJ€HTCbKOI MOJIOZ.

EdexTuBHMMN MeTOmaMM BMBYEHHA OCOOMMN-
BOCTell (YHKIIIOHa/NbHOI i PyXoBOi MiATOTOBIEHOCTI
€ 6araToBMMIipHI MeTORM MaTeMaTUYHOI CTATUCTMU-
KM Taki AK: GaKTOPHMII i AMCKPUMIHAHTHMIT aHaTi3
(Lopatiev, Ivashchenko, Khudolii, Pjanylo, Chernenko,
& Yermakova, 2017).

Mema OdocnioxenHs — BU3HAUNTY iHPOpPMATUBHI
IIOKa3HVKY (QYHKIiOHa/IbHOI i pyXoBoi mifrorosme-
HOCTI CTYJeHTiB 1-5-r0 KypciB.

Martepianu i meTogn

YyacHuKu 0ocioxKeHHs

Y mocnif>keHHi B3A/IM y9acTh CTYLEHTY TaKMX CIIe-
IjiazIbHOCTel: iHpopManiiiHi TeXHOIOTIi, 3BaploBaIb-
He BUPOOHUIITBO, IMBapHe BUPOOHUIITBO, eKOHOMiKa
HifpreMCTBa, OOJK i ayAUT, TEXHO/IOTiA MAIINHO-
OynyBauHs JloHOAcbKOI Hep>KaBHOI MAalIMHOOYHiBHOI
akagemii M. Kpamaropcpka. Y pgocrmifkeHHi B3sAmu
y4dacTb 4onoBiku 1 (n = 67), 2 (n = 66), 3 (n = 62), 4
(n=45),5 (n=56) Kypcis.

OpeaHizayia 00CioxXeHHsA

Jlns BupilneHHs 3aBfjaHb Oy1IM 3acTOCOBaHi Taki
METOAM JOCTi/PKEHHA: aHa/li3 HayKOBOI JiTepaTypu,
IeJaroriyHe CIOCTEPE)XEHHA, IeJJaroriyHe TecTy-
BaHHA; METOJ| IHIEKCIB Ta MeIMKO-6i00TiuHI MEeTO-
nu. IlegaroriuHi MeTOAM BUKOPUCTAHI /i1 BUBUEHHS
0cobmBoCTel (PYHKIIIOHA/NBHOTO CTAaHY OpraHi3My Ta
PYXOBUX 371iOHOCTeIT Y CTyfeHTiB 1-5-r0 KypciB Bu-
MIMX HABYAIBHUX 3aK/IafiB; MIsi 0OpoOKM maHUX —
dakropumit ananis. HaB4aapHi 3aHATTS POBOSUINCS
B I'pylax BiZlIIOBiIHO PO3K/Ia[ly — ABidi Ha TVIKJEHb.

lMpouedypu mecmysaHHs

Y nporpamy TecTyBaHHA BBIMIINM 3araIbHOBiTOMi
tectn 3anponoHoBaHi Ceprienko (2001): cTtpuboxk y
TOBXMUHY 3 Micis (cm), 6ir 100 M (c), 3TMHAHHA i po3-
TMHAHHA PYK y Buci (pas3n), mpoba Pombepra.

[ns oninkm QyHKUioOHanIbHOTO CTaHy Oymu BU-
kopucTaHi npo6u Pyd’e, llranre, Tenui (Pomanenxo,
1999; Kpynesud, 1999).

108

IIpo6a Py¢’e-/ikcona. BuxopucTtoByBanacs
VIS OL[iHKM IIpalie3flaTHOCTI cepus npu QismaHOMY
HaBaHTa>K€HHI.

O67na0HanHsA: CEKyHIOMIp, TOHOMETp, amapaT Ay
BMMIipIOBaHHA apTepiaZbHOTO TUCKY.

Memoouka nposedens o6cmesxncerns. Ilicna 5-xBu-
JIMHHOTO CIOKIITHOTO CTaHy B IIOJIOXKEHHI CUAYN TIifI-
paxoByeTbcsa mynbe 3a 15 ¢ (P)). Tlotim ynpomosx 45 ¢
miJ, MeTpOHOM BUKOHyBaucs 30 npucifanb. Bigpasy
IiC/IA IPUCiJaHb MifpaxoByBaBCA Iy/IbC 3a nepii 15 ¢
(P,) i ocranni 15 ¢ (P,) mepuioi XBUnMHY Mic/IsA 3aKiH-
YEeHHS HaBaHTaKeHHS.

Ouinka mecmyeanHns. Pe3ynpTaTy OLIHIOIOTHCA
3a iHJleKcoM, IO BM3HAYAETbCA 3a ¢popMysnoo: [Haeke
Pyd’e = (P, + P, — P, — 70)/10. Innexc Pyd’e: 0-5 —
Xopolla IpanesfiaTHicTy cepus; 5,1-10 — cepepHin
pesynbrat; 10,1-15 — «3ajoBinbHO» (cepuesa Hefo-
CTaTHICTb CEPEJHbOTO CTYI'ICHH); 15,1-20 — «1mmoraHo»
(cepreBa HEOCTATHICTD CYJIBHOTO CTYIIEHA).

IIpo6a Illmanee. BuxopucroByBanacs /i OLHKK
(YHKIIIOHa/IBHOTO CTaHY AMXa/TbHOI CUCTEMN.

ObnadHanHs: CeKYHAOMIP.

Memoouka nposedernss ob6cmexncents. [JoCmimKy-
BaHUII B TIO/IOKEHHI CUAIM POOUTD IMMOOKMIT BAUX i
BUJIVIX, TIOTIM 3HOBY BAuX (mpu6mmsno 80% Big Makcu-
MaJIbHOTO), 3aKpMBA€ POT i OMHOYACHO 3aTUCKAE Ma/Ib-
IIIMU HIC, 3aTPUMYE AUXaHHA (CeKYH/IOMip BKTIOYA€ETh-
51 B KiHIIi BAMXY i BUK/TIIOYA€THCS 3 IOYATKOM BUJIUIXY).

Ouyinxka mecmysanHsA. 3aTpUMKa [UXaHHA: O
35 ¢ — nepeBToMa; Ha 40-55 ¢ — 310pOBi HeTpeHOBa-
Hi; Ha 60-90 ¢ — 30pOBi TpeHOBaH.

IIpo6a Ienui. BukopucToByBanmacs s OLiHKK
(YHKIIIOHa/IBHOTO CTaHY AMXA/TbHOI CUCTEMN.

ObnadHanHs: CeKYHAOMIP.

Memoouxa nposedenns oocmescenns. IIpoba Terui
nepen6ayae 3aTpUMKY AMXaHHS Hicast BUpuxy. IIposo-
AVIacs He paHille, IK yepe3 5-7 xB micys mpo6u [l ranre.

Ouinka TecTyBaHHA. 3aTpUMKa JUXAHHA: [0
20 ¢ — nepeBTOMa; Ha 25-30 ¢ — 3[J0pOBi HETpeHOBa-
Hi; Ha 40-60 ¢ — 3[10pOBi TPeHOBaHi.

IIpo6a Pombepea. BUKOPUCTOBY€ETbCS IS OLIHKM
CTaTUYHOI PiBHOBATN.

O671a0HaHHA: CEKYHIOMIP.

Memoouxa nposedeHHs mecmy. Y4acHUK HaOyBae
IIOJIOKEHHA CTiMIKV HOTY Ha OffHii JIiHil OfHa IIoIIepeny
npyroi, o4i 3akpuTi, pyku Brepef. CeKyHJOMip BKIIIO-
JAETHCA B MOMEHT HaOYTTA CTilIKOTO IOTOXKEHHS, TeCT
NPUNIMHAETHCA MIiC/IA BTPATH CTIMIKOTO ITOIOKEHHA.

Pesynvmam. OikcyeTbcs 4ac yTpUMaHHA CTilIKOTO
HOJIO>KEHH: B CeKyH[ax.

Ouinka mecmyeants. B HoOpMi He TOBMHEH BTpaya-
TU piBHOBary ynpogosx 30 c.

CmamucmuyHud aHanis
Marepianmu [gOCHiPKeHHA ONpalbOBaHi B IIPO-

rpaMi cTaTucTM4HOro asamisy — IBM SPSS 20.
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BupaxoByBanuch Taki mapameTpu: cepenHs apudme-
TUYHA BeIMYMHA (X), CTAHZApPTHE KBaJpaTUyYHe Bixu-
neHHs (S); JOCTOBIPHICTD Pi3HUL CepeqHiX BeTMINH
(t). OuiHrOBaHHS JOCTOBIPHOCTI Pi3HNUII CTATUCTUYHIX
MOKa3HMKIB (t) MPOBOAWIIOCH 32 TOMOMOTOI0 KPUTEPito
CrplofieHTa. 3pilicHeHnit ¢akTopHmil aHamis. Y ¢ak-
TOPHOMY aHaJli3i BMKOPUCTAaHA MOJENb TOJOBHUX
KOMIIOHEHT 3 MeTOIOM 0bepTaHH:: Bapimakc 3 HOpMa-
nisaniero Karsepa.

Pe3synbTaTn oCnig>KeHHA

Y tabnuni 1 HaBefeHi pe3yabTaTy aHai3y pyxo-
BOI i QyHKIIIOHA/IbHOI MTi/JTOTOB/IEHOCTI CTYAEHTIB 1-5
KypciB.

3a inpekcom Pyd’e crymenTn 1-2 KypciB omiHIO-
IOThCS SIK TaKi, IO MAlOTh CEPEHIiN piBE€Hb IIpaLe3aT-

HOCTi cepus. CrymeHTH 3-5 KypciB MaloTh 3aJ0BiIb-
HIIT piBeHb IIpale3JaTHOCTI ceplid. 3a IOKa3HUKOM
inpexcy Pyd’e cTymentn mepmoro i gpyroro Kypcis
CTAaTUCTUYHO JJOCTOBIPHO BifIpi3HAIOTHCA BiJj CTyZIeH-
TiB TPETbOTO KypCy, BOHM MAIOTh Oi/IbII BUCOKi ITOKa3-
HuKH (p < 0,004, p < 0,023 BifnmoBigHO).

3a nmokasHukamy npo6bu Illtanre crymentn 1-5
KYpPCiB OILIiHIOIOTBbCA AK 3[0poBi TpeHoBaHi. CTy/eH-
TY TIEPIIOrO KypCy IOKa3yITb Oi/IbII BUCOKI pe3yiib-
TaTU HDXK CTYZIGHTH TpeThboro Kypcy (p < 0,05) i mo-
CTYIAIOTbCA CTY[EHTaM ITAToro Kypcy (p < 0,047).
CTypeHT TpeThoro Kypcy MarOTh HUXKYi pe3y/nbTaTi
HDK CTYJeHT! APYroro, 4eTBEpPTOTO i I ATOro KypciB
(p <0,017; p < 0,035; p < 0,001 BifmoBigHO).

3a nmokasHykamu npobu [endi crymentn 1-5 xypcis
OLIiHIOIOTBCA fAK 3[J0pOBi TpeHoBaHi. CTyjeHT! TpeTho-
IO KypCy ITOKa3ylOTh CTaTUCTUYHO JOCTOBIPHO HIDKYI

Ta6muus 1. PesynpraTy TecTyBaHHS pyX0BOi i PyHKI[iOHaIbHOI MIATOTOBIEHOCTI CTYHeHTiB 1-5 KypciB

1-5
Tectn Kype N X S t P t P t P t P

Iapexc Pyd’e 1 67 9,51 3,24 %

2 67 9,81 3,57 -,509 ,612 i

3 62 11,25 3,50  -2,926 ,004 -2,307 1,023

4 45 10,44 3,39  -1,468 ,145 -,941 ,349 1,187 ,238  *x*

5 56 10,37 3,41  -1,427 ,156 -,881 ,380 1,382  ,170 ,114 910
ITpo6a Illtanre, ¢ 1 67 74,07 17,35

2 67 76,44 21,85 -,696 ,488

3 62 68,53 14,17 1,977 ,050 2,419 ,017

4 45 75,77 20,97 -,468 ,641 ,162 ,872 -2,132 ,035

5 56 81,60 24,22 -2,004 ,047 -1,241 217 -3,619  ,000 -1,275 ,205
ITpo6a lenui, ¢ 1 67 50,46 17,36

2 67 48,65 18,02 ,591 ,556

3 62 46,09 7,80 1,817 ,072 1,032,304

4 45 55,33 17,77  -1,441 ,152 -1,933 ,056 -3,641  ,000

5 56 56,71 18,50 -1,930 ,056 -2,439 ,016 -4,130 ,000 -,379 ,705
ITpo6a Pombepra, ¢ 1 67 17,25 5,87

2 66 12,25 7,97 4,120 ,000

3 62 6,67 3,25 12,51 ,000 5,125 ,000

4 45 13,42 8,71 2,782 ,006 -,728 ,468 -5,588  ,000

5 56 16,98 6,96 ,235 ,815 -3,455 ,001  -10,460 ,000 -2,282 ,025
Bir 100 M, ¢ 1 67 14,35 1,09

2 67 13,99 90 2,034 ,044

3 62 14,14 74 1,263 ,209 -977 ,330

4 45 13,96 99 1,874 ,064 , 155 ,877 1,022,309

5 56 14,20 1,07 ,731 ,466 -1,180 ,240 =397 ,692 -1,149 253
CTpM601<y,uOB>1<MHy3MicuH, 1 67 230,7 19,34
™M 2 67 2372 17,20 -2,072 ,040

3 62 2333 15,13 -,853 ,395 1,373 ,172

4 45 2384 17,22 -2,164 ,033 -,354 724 -1,625  ,107

5 56 2337 18,49 -,894 ,373 1,081 ,282 -,144 886 1,297 ,198
3ruHaHHA i posrMHaHHA pyKy 1 67 10,49 4,85
BICi, pasu 2 67 10,25 4,25 ,303 ,763

3 62 12,45 3,77  -2,544 ,012 -3,091 ,002

4 45 10,48 4,69 ,004 997 -,275 1,784 2,392,019

5 56 10,55 4,46 -,072 ,943 -,380 ,704 2,500  ,014 -,071 ,944

* — nopiBHAHHA 1 Kypcy 3 2-5 KypcoM; ** — MOpiBHAHHA 2 KypcCy 3 3-5 KypcoM; *** — nmopiBHAHHA 3 Kypcy 3 4-5 Kypcom;

PO — nopiBHAHHSA 4 KypCy 3 5 KypcoM
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pe3ynbTaTit TECTYBAaHHA HiX CTYACHTHN Y€TBEPTOTO i

r’sToro Kypcis (p < 0,001).

3a mokasHukamu mpo6u Pombepra Buii pesyib-

Amnarnis pesynbratis 6iry Ha 100 M He BUABUB CTa-

TUCTUYHO JOCTOBIpPHMUX pO3ODKHOCTEN y pe3yabraTtax

TAaTy MOKa3yThb CTYAEHTHU IIEPIIOTO i I'SITOTO KypCy

HDX CTY/IEHTU SPYIOro, TPEThOIo i 4eTBEPTOro KypcCiB
(p<0,001; p <0,001; p < 0,006 BigmoBigHO). Haitayokui
pe3yNbTaTi y CTYAEHTIB TPETHOTO KYPCY.

Y CTyfieHTiB 1-5 KypciB.

Y cTpubKY y JOBXUHY 3 MiCLiA y TOPiBHAHHI 3 Iep-
MM KypPCOM Kpallli pe3yabTaTy IOKa3yIThb CTY/IEH-
T Apyroro i yerBeproro Kypcis (p < 0,04; p < 0,033

BiIIOBigHO).

Ta6mmusa 2. PaxTopHMIT aHami3. MeTOZ TolMOBHIX KOMIIOHEHT 3 o0epTaHHAM Bepimaxc 3 HopMmaisaniero Kaitzepa

Tectu KommnonenTtn b
3
Inpexc Pyd’e 1 ,765 ,632
2 ,332 ,110
3 -,760 ,586
4 ,425 ,514 ,525
5 ,351 ,788 ,745
[Ipo6a IllTanre 1 ,807 ,401 ,822
2 ,837 ,715
3 ,621 -,378 ,539
4 ,933 927
5 ,860 ,799
[Tpo6a Tenui 1 ,837 ,741
2 ,857 ,758
3 ,480 ,702 ,723
4 ,858 ,810
5 ,884 ,794
ITpo6a Pombepra 1 ,685 -,359 ,640
2 779 ,616
3 ,531 ,371
4 ,667 -,495 ,691
5 -,419 ,733 ,723
bir 100 m 1 ,851 ,757
2 -,828 ,720
3 ,801 ,653
4 -,392 ,678 ,655
5 ,748 ,591
CTpubOK y HOBXMHY 3 MicIis 1 ,704 ,561
2 ,808 ,702
3 ,830 ,741
4 ,385 ,644 ,570
5 ,357 ,227
3ruHAHHA | PO3TMHAHHA PYK y BUCI 1 -,404 ,221
2 ,613 ,387
3 -,835 ,709
4 -,341 ,720 ,668
5 -,841 ,714
% of Variance 1 29,338 16,966 16,186 62,490
2 37,505 19,753 57,258
3 22,676 21,311 17,732 61,719
4 32,637 18,596 18,009 69,242
5 28.274 19.694 17.656 65.624
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CryaeHTH TpeTbOro KypcCy MOpiBHAHO 3i CTyfeH-
TaMU IepIIOTo, YeTBEPTOrO i I ITOTO KYpciB CTaTuC-
TUYHO JOCTOBIpPHO IOKa3yIOTb Kpallli pe3y/lbTaTu y
TecTi «3rMHAHHA 1 pO3rMHAHHS PyK Y Buc» (p < 0,012;
p <0,019; p< 0,014 BifmosingHO) (ZMB. TA6M. 1).

[ns1 BusiBneHHs iHpOPMATUBHYUX ITIOKa3HMKIB PyXo-
BOi i pyHKIIIOHA/IbHOI MiATOTOB/IEHOCTi CTyeHTiB 1-5
KypciB OyB mmpoBeieHnit pakTopHmit aHami3 (Tabm. 2).

AHari3 pyxoBoi i pyHKIIOHa/IBHOI MiJTOTOB/IEHO-
CTi CTY/IEHTIB II€PIIOTO KyPCY JO3BOMUB BULIIUTU TPU
daxTOpa, AKi HOACHIOTb 62,49% 3ara/nbHOI Bapiamii
BCiX IIapaMeTpiB:

o mepumit ¢axrop (29,338%) xapakTepusye
$YHKLIOHAIBHY HiITOTOBJIEHICTb CTY/[EHTIB
yeTBepTOro Kypcy. Haibinpury Bary mMaioTb
npo6a IlItanre (0,807) ta mpo6a lenyi (0,837);

o gpyruit ¢dakrop (16,966%) xapakrepusye
LIBMJKiCHO-CUIOBY Ii/JTOTOBJIEHICTD;

o Tpertiit ¢pakrop (16,186%) — yTOUHIOE 3MiCT
mpyroro ¢akropa.

Amnanis cminpHOcTeit (h?) BKasye Ha BMUCOKY iH-
($bopMaTMBHICTD 3aIPOIIOHOBAHOI OaTapel TecTis, ce-
pen AKuX HailBUIY iHQOPMAaTUBHICTD MalOTh IPOOU
[Itanre (0,822) Ta Ienui (0,741).

AmHanis pyxoBoi i QpyHKIIiOHaTbHOI Mi/ITOTOB/IEHO-
CTi CTY[€EHTIB JPYroro Kypcy JO3BOMUB BULIIATIA TPU
dakropa, AKi MOSACHIOTD 57,258% 3aranpHoi Bapiaii
BCiX [TapaMeTpiB:

o mepumnit ¢axrop (37,505%) xapakTepusye

(byHKI[iOHA/IBHY Hi/ITOTOB/IEHICTb;

o ppyruit ¢pakrop (19,753%) — pyxoBy mipro-
TOBJIEHICTb.

Amnanis criinpHocTeit (h?) Bkasye Ha BUCOKY iHOp-
MaTUBHICTh 3alPOIOHOBaHOI OaTapel TecTiB, cepef
AKUX HaiiBumy iHopmaruBHicTh Mae mpoba lenui
(0,758) nartHmxuy ingekc Pyd’e (0,11).

Amnaris pyxoBoi i GpyHKI[iOHaTbHOI T ATOTOBIEHOC-
Ti CTY[IEHTIB TPETHOTO KYPCy JO3BOAUB BULIIUTU TPU
dakropa, AKi MOsACHIOTD 61,719% 3aranpHoi Bapiaii
BCiX ITapaMeTpiB:

o mepumit ¢axrop (22,676%) xapakTepusye

(yHKI[iOHA/IBHY Hi/ITOTOB/IEHICTb;

o mpyruit ¢pakrop (21,311%) mBUAKICHO-CUIOBY
i CMJIOBY IiZITOTOBJIEHICTD;

o Tperiit pakrop (17,732%) yTOUHIOE 3MiCT fpy-
roro gaxTopa.

Amnanis criinbHocTeit (h?) BKasye Ha BUCOKY iHOp-
MaTUBHICTh 3aIPOIIOHOBAHOI OaTapei TecTiB, cepeq
AKNX HayBuiy iHopMaTuBHicCTH Mae «CTpmbok y
HOBXMHY 3 Micus» (0,741) ta mpo6a lendi (0,723).

Amnanis pyxoBoi i ¢pyHKIIiOHaTbHOI Mi/ITOTOB/IEHO-
CTi CTYJEHTIB 4YE€TBEPTOTrO KypCy LO3BOIUB BUNIINTU
Tpn QaxTopa, SAKi MOACHIOTb 69,242% 3ara/nbHOI Ba-
pianii Bcix mapameTpis:

o mepumnit ¢akrop (32,637%) xapakTepusye

bYyHKILIOHATbHY HiITOTOBIEHICTh CTY/EHTIB
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yeTBepTOro Kypcy. Haiibinbury Bary maroTb
mpob6a Iltanre (0,951) Ta mpo6a lenui (0,898);

o npyruit gaxrop (18,596%) xapakrepusye py-
XOBY mifrotosyneHicTb. Haiibinpury Bary mae
IIBUIKiICHO-CUJIOBA IiITOTOBIEHICTb;

o Tperiit ¢akrop (18,009%) yTOUHIOE APYrMit
dakTop i migKpecnaI0€e BaXKIMBICTD CUTOBOI
IiZITOTOBJIEHOCTI CTYJEHTIB.

Amnanis cminpHOcTeit (h?) BKasye Ha BMUCOKY iH-
($bOopMaTHBHICTD 3aIPOIIOHOBAHOI OaTapel TecTiB, ce-
pen AKuX HailBUIY iHQOPMAaTUBHICTD MaOTh POOU
[Itanre (0,927) Ta I'enui (0,810).

AHanis pyxoBoi i pyHKIIiOHaTbHOI Mi/ITOTOB/IEHO-
CTi CTYHEHTIB I'ATOTO KYPCy HO3BOIUB BUAUIUTA TPU
dakTopa, AKi MOSACHIOTD 65,624% 3aranpHOi Bapiaii
BCiX ITapaMeTpiB:

o mepumit ¢pakTop (28,274%) xapakrepusye py-

XOBY i QYHKIIOHa/JIbHY Hi/ITOTOB/IEHICTD CTY-
JleHTiB I AToro Kypcy. Haitbinpuny Bary MalotTh
npo6a llIraure (0,860) Ta mpoba Tenui (0,884);

o ppyruit ¢axrop (19,694%) xapaxrepusye
HIBUJIKICHO-CUJIOBY IiZITOTOBJIEHICTD 1 BifHOC-
HY CUJTY CTY/I€HTiB;

o Tperilt dpakTop (17,656%) XapaKkTepusye 3 Ofi-
HOTO 60Ky yHKIIiOHaIbHY IiITOTOBJIEHICTD, 3
IHIIOTO — KOOPAMHALII0 PYXiB.

Amnanis criinbHocTeit (h?) Bkasye Ha Bucoky iHdop-
MaTHMBHICTb 3aIlpOIIOHOBAHOI OaTapei TecTiB, cepep
AKMX HayBUIy iHpopMaTuBHICTh Mae mpoba IllTanre
(0,799).

Aunckycia

[Tpunyckanocs, o Ha OCHOBi paKTOPHOro aHai3y
MOXX/IMBO BU3HAYUTY BiKOBi 0cob6mmBocTi Ta iHdop-
MaTUBHi MOKa3HMKM QYHKIIIOHANbHOI i pyxoBoi mif-
TOTOBJIEHOCTI CTY[,eHTiB BULIMX HaBYa/IbHUX 3aK/IaiB.
AmHani3 pyxoBoi i pyHKIiOHaTBHOI MiATOTOBIEHOCTI
CTYJIeHTiB 1-5 KypciB [J03BOINB BU3HAYUTH, 110 B IX
CTPYKTYypi nepummm ¢akxTopoM € PpyHKIiOHaTbHUI
CTaH JVUXaJIbHOI CUCTEMU, JPYTUM — IIBUJIKiICHO-CU-
JIOBA 1 CMJIOBA IIiATOTOBJIEHICTb.
Amnapnis cinbHOCcTeit (h?) Bkasye Ha Bucoky indop-
MaTUBHICTh 3alPONOHOBaHOI OaTapel TecTiB, cepef
AKMX HaBMIY iHQOPMATUBHICTb MAaIOTb:
e 1 xypc — mpobu Ilranre (0,822) Ta lenui
(0,741).

e 2 kypc — npoba lenui (0,758), HallHIDKIy —
innexc Pyd’e (0,11).

o 3 xypc — «CrpuboK y HOBXMHY 3 MicCIsi»
(0,741) Ta mpo6a lenui (0,723).

o 4 xypc — npo6bu Hlranre (0,927) ta Tenui
(0,810).

o 5Kkypc — npoba IlItanre (0,799).

Y pesynbraTi aHasnisy BCTaHOBJIEHO, IO 3aIIPOIIO-
HOBaHa 6aTapesi TecTiB € iHPOPMATHBHOIO /I OL[iHKY
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¢$yHKIiOHa/IbHOI i pyXOBOI IIiATOTOB/ICHOCTI CTY/IEHTIB.
HaBepeHi jaHi JOIIOBHIOIOTH PE3YIbTAaTH SOCTIIPKEHHA
Ivashchenko (2016) npo edekTUBHICTb BUKOPUCTAHHS
6araTOBMMIiPHMX CTATUCTHK B OLiHII PYHKI[IOHATIBHOI
i pyxoBoi mifroroBneHocTi y pisyHOMY BUXOBaHHi.

OrpumaHi faHi cBif4yarTh, 10 TpeTiit Kypc € Haili-
6inbur mpo6eMHUM IiepiofioM y (isMuYHOMY BUXO-
BaHHI CTY[eHTiB, HailOiNbII CyTTEBA pisHMIA Mix
pesyabTaTaMy TeCTYBaHHSA CTYNEHTIB pi3sHMX KypcCiB
CIIoCTepiraeTbcs y KOOpANMHALIiHI i PyHKIiOHA/MbHIT
nigrorosneHocTi. CTymeHT 1-5 KypciB MaloTb HU3b-
KNI piB€Hb PO3BUTKY CTaTM4YHOI piBHOBarm. Ha Bax-
JIMBICTD JAaHOTO NIOKa3HMKa B MiITOTOBNIEHOCTI CTyeH-
TiB BKasye Te, IO BiH Ma€ 3HAYyLly Bary y IepLiomMy
dakropi (guB. TabmM. 2).

JaHuit mifxify B OLIHII CTaHy CTYy[EHTIB Bifi-
Pi3HAETbCA Bifi TAKMX 3alIPOIIOHOBAHMX Y JIiTepary-
pi MeTOAMK AK: OLIIHKAa Macy Tija i KiIbKOCTi KpOKiB
(Sigmundova et al., 2013); ckpuHiHrOBUIT MeTOJ] BU3HA-
YeHHS PyXOBOI KOMIIETEHTHOCTI cTyAeHTiB (Newton,
McCall, Ryan, Blackburne, aus der Fiinten, Meyer,
Lewin & McCunn, 2017; Liao, Zheng & Meng, 2017;
Pashkevich, Kriventsova & Galicheva, 2018); moTopHi
ditnec-rectn Eurofit (Tsigilis, Douda & Tokmakidis,
2002; Kuzmin, Kopylov, Kudryavtsev, Galimov &
Iermakov, 2015; Osipov, Kudryavtsev, Markov, Kuzmin,
Nikolaeva, Zemba & Yanova, 2018).

Ha ocnHoBi pesynbrariB TecTyBaHHA OTpUMaHi
dakTopHi Mopeni, AKi Zal0Th MOXKIUBICTh BUSHAYUTH
CTPYKTYPY HiJITOTOBJIEHOCTi CTY[€HTIB PisHUX KypPCiB
i cmanyBaty HaBuanbHY pobory B rpynax. Haseneni
pe3yIbTaTy MOXYTb OyTV BUKOPMCTaHI BUK/Ia/jladaMu
¢isVYHOro BUXOBAHHA JIA OLIiHKM CTaHY IIi/[TOTOBJIE-
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HOCTI CTY/IeHTIB i ITTaHyBaHHA Qi3KyIbTYpPHO-MaCOBO]
po60TH B HABYAIbHOMY 3aK/Iafii.

BucHOBKM

3a inpekcom Pyd’e crymenTn 1-2 KypciB omiHIO-
IOThC SIK TaKi, IO MAlOTh CEPEHIiN piBE€Hb IIpaLe3aT-
HOCTi cepus. CrymeHTH 3-5 KypciB MaloTh 3aJl0OBiIb-
HIIT piBeHb Ipale3faTHOCTI cepus. 3a MOKa3HUKaMU
npo6 Ilranre i Tenui ctymenTu 1-5 KypciB owuiHo-
I0TbCA SIK 3/]J0OPOBi TPEHOBaHi. 3a MOKa3HMKaMM IIPO6K
Pom6epra Buliiji pe3y/nbTaTi IOKa3yl0Th CTYAEHTH Hep-
IIIOTO i I'ATOTO KYPCY HIX CTYAEHTHU [JPYroOro, TPeTho-
IO i YeTBEPTOrO KypCiB (p < 0,001; p < 0,001; p < 0,006
BifnoBifHO). HaitHyOK4i pe3ynbTaTyt y CTYAEHTIB Tpe-
TBOTO Kypcy. PesynbpraTyt mpobu OLiHIOIOTHCA SIK TaKi,
110 HIDKYe HOPMIL.

AHani3 pyxoBoi i pyHKIiIOHaNIbHOI MiATOTOB/IEHO-
CTi CTYZIEHTiB 1-5 KypcCiB JO3BONNUB BU3HAYNUTHY, 1110 B
ix crpykrypi nepmum ¢akropoM € PyHKIIOHATBHUI
CTaH [MXaJIbHOI CUCTEMU, OPYTUM — IIBUJKICHO-CU-
noBa i cumoBa miprorosneHicte. HaiiBumy indgopma-
TUBHICTh MaioTh: 1 Kypc — mpo6bu Illranre (0,822) ta
Tenui (0,741); 2 xypc — mpo6a Ienui (0,758) HaitHIDKYY
innexc Pyd’e (0,11); 3 kypc — «CTpuboK y JOBKUHY 3
micrs» (0,741) ta npo6a lenui (0,723); 4 kypc — mpo-
6u llranre (0,927) Ta Iendi (0,810); 5 kypc — mpoba
Itanre (0,799).

KoHdnikT iHTepecis

ABTOpM 3asABJIAIOTH NIPO BiICYTHICTD KOHQIIKTY
iHTepecis.
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UHOOPMATUBHDIE NOKA3ATEJ/IN OYHKLUNOHAJIbHON
U ABUTATEJIbHO NOATOTOBNEHHOCTU
CTYAEHTOB BbICLLUX YYEBHbIX 3ABELEHUI

Yepuenko C.A.!, Tonuapenko O.C.?, Mapuenko C.I.°
'ITon6acckas rocyapcTBeHHas MalITHOCTPOUTE/IbHAS aKa/leMIs
*TocymapcTBeHHOe BbICIIee yueOHOe 3aBefieHne «JJoH6acCKmit ToCyapCTBEHHBIN

Ie/larOTUYEeCKNUI YHUBEPCUTET»

’XapbKOBCKUI HAIIVIOHA/IbHBIN Tefarorndecknii yHusepcuteT uMmeHn [.C. CkoBopomb

Pedepar. Crarbs: 10 c., 2 Tab/1., 19 NCTOYHUK.

Ilenb mccnegoBaHMA — OIpPENENNTDb
uHPOpMATUBHBIE NOKazaTenu (YHKIMOHANBHON U
ABUTATeNbHOV IHOATOTOBIEHHOCTU CTYHEHTOB 1-5
KyPCOB.

Marepuansl u MeTofbl. B 1mcciegoBanum npu-
HSIV yYacTye MY>KYMHBI IepBoro (n = 67), BTopo-
ro (n = 66), Tperbero (n = 62), yerBeproro (n = 45),
nsAroro (n = 56) kypcos. [Insa pemeHns 3afad Obin
IpUMEHEHbl CIefylolllie MeTOAbl MCCIeOBAHMUS:
aHa/!M3 HAyYHOU JMTEepaTyphl, Mefjlarornyeckoe Ha-
OnrofieHNe, Nefjarornyeckoe TeCTUPOBAHNE; METOJ
MHJIEKCOB U MeIMKO-Omonornyeckue Metopsl. [legaro-
TMYeCKe MeTOIbI VICIIO/Ib30BAHBI /IS 3Y4eHUA 0CO-
OeHHOCTell (YHKIVOHAIBHOTO COCTOSHMS OPraHU3-
Ma M IBUTaTeJIbHBIX CIIOCOOHOCTE y CTY[eHTOB 1-5
KyPCOB BBICIIVX Y4eOHBIX 3aBeleHNIt; /1A 06paboTku
[aHHBIX — (AKTOPHBIIT aHAJINS.

Pesynbrarsl. [lo nnpgexcy Pydbe crymenTsr 1-2
KyPCOB OLIEHMBAIOTCS KaK VIMeIIue CpefHuil ypo-
BeHb paboTocnmocobHocTN ceppua. CrymeHTHl 3-5
KyPCOB MMEIOT yIOBJIETBOPUTE/IbHBIN yPOBEHb pado-
TocnocobHoctu cepaua. ITo mokasarenam mpo6 Illran-
re u IeH4n cTyfeHTBI 1-5 KypcOB OL€HMBAKOTCA KaK
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370poBble TpeHMpoBaHHbIe. [To mokasarensaM mpoOb
Pomb6epra 6oree BbICOKNE pe3y/NbTaThl IOKAa3bIBAIOT
CTY[IeHTBbl IIEPBOTO M ISITOTO Kypca YeM CTY/EeHTBI
BTOPOTO, TPETbEro 1 4eTBepTOro Kypcos (p < 0,001;
p <0,001; p < 0,006 coorBeTcTBeHHO). CaMble HU3KIE
pe3y/IbTaThl y CTYIEHTOB TPeTbero Kypca. PesynbraTs
IPOOBI OLIEHNBAIOTCS KaK TaKye, YTO HIDKE HOPMBI.

BoiBopmbl. AHanu3 fBUTATeNbHON U (QYHKINO-
HaJIbHOJ IIOJrOTOBJIEHHOCTU CTYHNEHTOB 1-5 KypcoB
II03BOJIVJI ONIPENENUTD, YTO B UX CTPYKTYpe IE€PBHIM
dbakTopom sBnIsAeTCs QYHKIMOHANBbHOE COCTOSIHUE
IIBIXaTe/IbHOI CUCTEMBI, BTOPBIM — CKOPOCTHO-CUJIO-
Bas M CU/IOBasA IOATOTOBIEHHOCTb. CaMyI0 BBICOKYIO
MH(POPMATUBHOCTD UMEIOT: 1 Kypc — mpo6sr IllTan-
re (0,822) u Ienun (0,741); 2 xypc — npoba [enun
(0,758) camyro Huskymo nHpekc Pydre (0,11); 3 xypc
— «[Ipppxok B mmHy ¢ Mecta» (0,741) u mpoba Ten-
un (0,723); 4 kypc — npo6s! ltanre (0,927) u lernun
(0,810); 5 kypc — mpob6a IllTanre (0,799).

KiroueBble cmoBa: My>K4MHBI, PyHKIIMOHATbHOE
COCTOsIHIE, [IBUTATE/IbHBIE CIIOCOOHOCTH, (HaKTOPHBIN
aHaJIN3.
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INFORMATIVE INDICATORS OF FUNCTIONAL AND MOTOR
FITNESS OF STUDENTS OF HIGHER EDUCATION INSTITUTIONS

Chernenko S.0.!, Honcharenko O.S.%, Marchenko S.1.3

'Donbas State Engineering Academy

*State Higher Edicational Institution “Donbas Stete Pedagogical University”
*H. S. Skovoroda Kharkiv National Pedagogical University

Report. Article: 10 p., 2 tabl., 19 sources.

The study objective was to determine
informative indicators of functional and motor fitness
of 1*-5% year students.

Materials and methods. The study involved
male students of 1% year (n = 67), 2™ year (n = 66),
3" year (n = 62), 4™ year (n = 45), 5" year (n = 56).
The following research methods were used to solve the
tasks set: analysis of scientific literature, pedagogical
observation, pedagogical testing; index method and
medical-biological methods. Pedagogical methods
were used to study the peculiarities of functional state
of the body and motor abilities of 1#-5® year students of
higher education institutions; factor analysis was used
for data processing.

Results. By the Ruffier index, the 1%-2"¢ year
students have an average heart performance. The 37-5®*
year students have a satisfactory heart performance. By
the results of the Stange and Genci tests, the 19-5" year
students are evaluated as healthy and fit. According to

the Romberg test, the 1** and 5" year students show
higher results than the 2", 3" and 4™ year students
(p < 0.001; p < 0.001; p < 0.006, respectively). The 3%
year students have the lowest results. The test results are
estimated as lower than normal.

Conclusions. The analysis of motor and functional
fitness of the 1°-5" year students showed that the first
factor in their structure is the functional state of the
respiratory system, the second factor is speed strength
and strength fitness. The most informative tests are: 1%
year — the Stange test (0.822) and Genci test (0.741); 2™
year — the Genci test (0.758), the Ruffier index has the
lowest informativity (0.11); 3™ year — “Standing long
jump” (0.741) and the Genci test (0.723); 4™ year — the
Stange test (0.927) and Genci test (0.810); 5™ year — the
Stange test (0.799).

Keywords: male students, functional state, motor
abilities, factor analysis.
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The study objective is to substantiate and implement modern information-communication technologies
(ICT) means for improving the testing of strength endurance of hands and upper body of students with

chronic diseases in physical education.

Materials and methods. To solve the research tasks used the methods of comparing and contrasting are
used and analysis, synthesis, abstraction, formalization and technical modelling.

Results. The result of a scientific search aimed at integrating ICT into test control of strength endurance
of students with chronic diseases is a device of capacitive sensor testing. The designed capacitive touch
tester is based on a combination of modern nanotechnology and microprocessor systems, including smart
phoness, tablets, etc. It is a constructive solution for electronic measuring systems of spatial position of

objects based on capacitive sensor devices.

Conclusions. The effectiveness of using the designed device in testing students’ of strength endurance of
hands and upper body is achieved through the ease of use and compactness of the device, student-friendly
testing procedure and the efficiency and reliability of control.

Key words: testing, control, student, chronic diseases, ICT, capacitive touch device, control.

Introduction

Problem statement. Ensuring the imple-
mentation of the wellness function of physical educa-
tion of students with chronic diseases of universities
requires a comprehensive study of indicators character-
izing the state of various aspects of physical fitness and
the availability of a reliable information control system
(Anikieiev, 2015). Test control in our context of physi-
cal development and physical fitness of students with
disabilities is a methodological basis for managing the
physical education system of universities (Koryahin &
Blavt, 2016). Today, the issues of testing the level of
physical fitness of students and predicting their func-
tionality are some of the most relevant in the theory and
methodology of physical education.

The need and importance of finding innovative
approaches to optimize test controls and improve the
technological foundations of this process is dictated by
time. Scientific and technological progress in the field
of physical education has recently become a reality that
cannot be ignored (Sukhova, 2009; Kachan, 2017). The

© Koryahin V.M., Blavt O.S., Ponomaryov S.V., 2019.
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relevance of our research is determined by the deci-
sive importance for the effective physical education of
students of students with chronic diseases methods of
forming a comprehensive control system on the one
hand and the lack of its scientific substantiation and
technological support on the other. It is considered
that one of the promising directions of improving the
system of physical education of students with chronic
diseases in the state of health of universities is the de-
velopment and practical implementation of new high-
performance technologies of test control (Stroot, 2014;
Overton, Wrench, A. & Garrett, 2016).

Analysis of recent research and publications. Physi-
cal fitness is an important result of the physical educa-
tion of students with chronic diseases was proved (Bas-
sett, 2000). Numerous authors (Iedynak, Galamandjuk,
Ivashchenko, Stasjuk, Guska, Prozar, Mazur, & Sliusar-
chuk, 2017; Reiman& Manske, 2009) have emphasized
that its level is an integral indicator of the state and
level of health. One of the important components of the
physical fitness of students with chronic diseases is the
level of endurance (Koryagin, Blavt, & Tsiovkh, 2018).
Strength is attributed to specific types of power. It re-
flects the ability to perform power work for a long time

TM®B, 2019, Tom 19, Ne 3
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without reducing its effectiveness. In fact, it is the ability
to withstand fatigue caused by prolonged muscle stress
of considerable magnitude (Matiegka, 1991).

An effective way of testing the endurance of the
arms and upper torso, according to which the test pro-
cess is monitored, is to perform an exercise «Body re-
tention on the crossbar», which fixes the retention time
according to generally accepted standards (Koryagin,
& Blavt, 2019). The methodological feature of the test
is that the chin should be over the bar and not touch it,
that is, the body should occupy a practically stable posi-
tion. However, in this way there is a certain dependence
of the subjective assessment of the perception of the
teacher conducting this testing, the observance of the
required position of the body and hands, which are set
visually during the monitoring. There is a likelihood of
error in setting the retention time of the required pos-
ture, which makes it impossible and difficult to obtain
reliable assessment results, respectively, they cannot
testify to the effectiveness of the educational process
used.

Based on the summarized relevant literature sourc-
es on this issue (Bassett, 2000; Ivashchenko, 2016;
Magill, 2007), it is determined that the effectiveness of
test methods level of physical fitness is determined by
the following characteristics: they must be reasonable,
reliable and informative, and their conduct requires
clear control.

However, the current methodology makes it impos-
sible to obtain reliable indicators due to the large num-
ber of uncontrolled variables and the lack of continuous
recording of test results. In the special literature availa-
ble to us (Kachan, 2017; Reiman, Manske, 2009), the au-
thors agree that it is practically impossible to carry out
a test in an exercise to determine the level of strength
endurance of the hands and upper body of a specialist in
physical education, unlike other test requirements with
clear standardization of testing procedures and objec-
tive measurement using a stopwatch, roulette, etc. The
analysis of the test revealed the existing contradictions
between the need to ensure the objectivity of testing and
the lack of ability to do so. Therefore, there is a need for
a fundamentally new approach to addressing this issue.

It was the search for ways to improve the method
of determining the level of strength endurance of the
hands and upper torso, and determined the choice of
topic and direction of study. An analysis of the available
publications on this issue (Haake, 1996; Morze, Kochar-
ian, 2014; Prykhodko, 2010) indicates that the solution
to this problem is related to the use of modern tech-
nologies for obtaining objective information. The tech-
nological basis of this issue in the physical education of
students with health disabilities needs scientific refine-
ment, which is recognized by scientists. To date, the
proposed automated monitoring approach has not been
used in the science of physical education of students
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with chronic diseases. In this regard, it is important to
consider further study of the effectiveness of automated
methods of testing the strength endurance of the hands
and upper torso in the context of modern electronic
devices (Kachan, 2017; Koryahin, Mukan, Blavt & Virt,
2019; Shyrobokov, Malinina, & Malinin, 2012).

Purpose of the research is to substantiate and imple-
ment modern information-communication technolo-
gies (ICT) means for improving the testing of strength
endurance of hands and upper body of students with
chronic diseases in the physical education.

Materials and methods

To solve the research tasks used the methods of
comparing and contrasting are used and analysis, syn-
thesis, abstraction, formalization and technical mod-
eling. The research strategy is focused on the integra-
tion of the information resource of ICT to ensure the
effectiveness of control.

Results

In this respect, it is of interest to develop new ICT
based on the introduction of computerization of the
test process in the physical education of students with
chronic diseases of universities (Koryahin & Blavt,
2016; Shyrobokov, Malinina & Malinin, 2012; Hotra,
Holyaka, Marusenkova, & Potencki, 2010).

In order to carry out an objective evaluation and
to provide reliable results of monitoring the strength
endurance of the hands and upper torso, we have de-
veloped a capacitive touch test device. The device in-
cludes: two electrodes, a signal line, a signal converter,
an interface, a communication line, and an electronic
computing device or mobile communication system, in
particular, a smartphone or a tablet computer (Fig. 1).

The designed capacitive touch tester is based on a
combination of modern nanotechnology and micro-
processor systems, including smartphones, tablets, and
more. It is a constructive solution for electronic meas-
uring systems of spatial position of objects based on
capacitive sensor devices (Bracke, Puers & Van Hoof,
2007).

The information signal of capacitive sensors is the
electrical capacitance between the electrodes, which
changes under the influence of external factors. The
informative parameter of the dynamics of the exercises
is determined by the time dependence of the distance of
the body from the capacitive electrodes, which is deter-
mined by the measurement of interelectrode capacities.
As the monitoring subject approaches, these capacities
increase and, at removal, decrease. A significant advan-
tage of capacitive type sensors is the contactlessness
of the measurement process, which ensures their high
ergonomics (Baxter, 1997).
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Fig. 1. Block diagram of capacitive sensor testing device

The developed device uses two active capacitive
electrodes that place on the crossbar and one passive
electrode (marker), which is attached to the collar of the
monitoring subject (student).

Nano-fiber «smart textiles» are used to create ca-
pacitive electrodes in this device. The latter are made
by filling traditional fibrous polymers with nanoparti-
cles of conductive materials, which ensures their high
elastic and electrical characteristics (Koryagin & Blavt,
2019).

In the capacitive sensor testing device, a signal is
formed, which is determined by the distance between
the active electrodes on the crossbar and the marker.
The information from the monitoring entity is trans-
mitted by the set of technical means that make up the
data transmission system: signal line, signal converter,
interface, communication line.

Active capacitive electrodes are connected to a sig-
nal converter by a signal line (a harness of electrical
cables), and a passive electrode is contactless, which
ensures that there are no cables between this electrode
and the signal converter. The signal converter converts
the input analog signal into a digital code (digital sig-
nal). A feature of digital signal processing is the stream-
ing nature of processing large volumes of data in real
time. Data transmission can be digital (stream of bi-
nary signals), or by means of digital coding, which pro-
vides the switching of the capacitance electrode array
to one analog information input and conversion of the
type «electrode capacitance - digital code» (Estivalet &
Springer, 2009).

For digital signal processing, the signal converter
uses a so-called signal processor. The developed device
uses a signal processor of hardware-supported floating-
point operation. There are several reasons for using
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floating point signal processing. Working with data in
this format significantly simplifies and speeds up pro-
cessing, increases the reliability of the program, since it
does not require operations of rounding and normaliza-
tion of data, tracking of situations of loss of importance
(Alme & Mylvaganam, 2006).

The digital signal via the interface (in this case USB
interface) and the communication line, such as infrared
or radio frequency, are then transmitted to the elec-
tronic computing device or mobile communication sys-
tem. Data transmission (digital communication) is the
physical transfer of digital stream data in the form of
point-to-point or point-to-multipoint signals for fur-
ther processing by computing equipment, where it is
recorded and graphically visualized.The developed soft-
ware for recording and visualization of the obtained test
results is presented in Fig. 2.

Their subsequent archiving takes place in the infra-
structure of the centre of data storage and processing in
custom-tailored and accessible in text format for each
student. Application of software enables simultaneous
analysis of test results of a group of students without
loss of information.

The proposed method for assessing the endurance
of the arms and upper torso is that two active capaci-
tive electrodes are placed on the crossbar and a marker,
a passive capacitive electrode with a digital output, is
placed on the cell of the monitoring subject (student).
An informative signal between the active electrodes on
the crossbar and the marker that arises when the posi-
tion of the monitoring subject (student) changes its posi-
tion, allows to record the start of the exercise, the process
of completion and the end of the exercise. The signal is
received by a signal line, transmitted to the signal con-
verter, processed, and wireless infrared communication
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Fig. 2. The developed software for recording and visualization of the obtained test results

devices are fed to an electronic-computing device or mo-
bile telecommunication system, which implements the
monitoring of the exercise and the value of which make
a conclusion about the strength of endurance students.

Positive features of using our proposed method of
testing the endurance of the hands and upper body for
students with chronic diseases using ICT means are:

1. ensuring the possibility of conducting an accu-
rate testing procedure;

2. reliability of monitoring;

3. urgent receipt of the result;

4. ease of use and compactness of the device;

5. automatic receipt of multiple test results in the
form of an electronic protocol;

6. rapid execution of complex calculations with
presentation of results in digital or graphical form;

7. convenient review of the structure of the obtained
results and their dynamics.

In general, all of the above makes it possible to en-
sure that the fitness of students with chronic diseases is
objectively monitored.

Discussion

We support the position that, implementation of the
unique possibilities of ICT provides state-of-the-art of
didactic method of intensification of control process in
physical education of students. The adoption and use of
modern ICT in the process of the physical education will
help to solve entirely the problems of the current control
(Estivalet & Springer, 2009; Haake, 1996; Prykhodko,
2010). This is in harmony with the contemporary trends
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in the field. For instance, the Ministry of Education and
Science of Ukraine has defined and endorsed the stra-
tegic trends of modernization of the system of physi-
cal education of youths in educational establishments
(Resolution of the Verkhovna Rada of Ukraine).

An objective estimation of a degree of physical de-
velopment and of physical fitness has special impor-
tance during conducting physical education classes
with students of the university’s (Anikieiev, 2015; Ko-
ryahin, Blavt & Tsiovkh, L. 2018; Shyrobokov, Malinina
& Malinin, 2012).

The results of our study are consistent with a num-
ber of scientific developments (Ayers, 2004; Ivashchen-
ko, 2016; Kachan, 2017), one of the promising direc-
tions to improve the testing system is the development
and practical implementation of new, highly effective
means, methods, technologies for integrated control
and management of this process.

Our research corroborates the studies (Mac-Duggala
et al., 1997; Edwards, 2010; Preatoni, Hamill, Harrison,
Hayes, Van Emmerik, Wilson & Rodano, 2013; Reiman
& Manske, 2009) which postulate that the automation
of the process for obtaining and processing informa-
tion of testing can significantly improve the efficiency of
obtaining and evaluating information in real time and
significantly reduce time spent on conducting tests.

Conclusions

The developed infrastructure of the device the test-
ing of strength endurance of hands and upper body
provides quick processing of received testing results
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using the methods of multidimensional mathematical
analysis. The effectiveness of using the designed de-
vice in testing students’ of strength endurance of hands
and upper body is achieved through the ease of use
and compactness of the device, student-friendly testing
procedure and the efficiency and reliability of control.
The proposed technique of strength endurance testing
provides reliable data on the level of general physical
fitness of students with chronic diseases of universities
in the process of their physical education. The imple-
mentation and use of it in practice makes it possible to
comprehensively address the issues of current control
in the process of physical education. It is a powerful
methodological basis for scientifically sound improve-
ment of the educational process of universities in order
to increase its effectiveness at the same time.

The introduction and use of modern ICT in the
test process in the physical education of students with
chronic diseases of universities will allow solving com-
plex issues of current control and its purposeful cor-
rection on the basis of an integrated approach to the
development of physical qualities.
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IHHOBALINHA IHTEHCUO®IKALIA TECTOBOIO KOHTPOJIIO
CUNOBOI BUTPUBANOCTI Y ®I3BUMHOMY BUXOBAHHI
CTYAEHTIB 3 XPOHIYHIMU 3AXBOPIOBAHHAMU

Kopsaria B.M., brast O.3., ITonomapsos C.B.
Hanionanpunit yniBepcureT «JIbBiBCbKa IOMITEXHIKa»

Pedepar. Crarts: 7 c., 2 puc., 34 mxepena.

Merta focmimKeHHa — OOIPYHTYBaHHSA
Ta peajis3allisa Cy4YacHMX €7IeKTPOHHMX T€XHOIOTIYHMX
3aco0iB J11 BJOCKOHA/ICHHS TeCTYBaHHS CUIOBOI BU-
TPUBAJIOCTI PyK i BEPXHDBOI YaCTUHU Tynyba CTY/EHTIiB
CreliaIbHMX MEJYHMX IPYIIL.

Marepianu Ta MeTopu. [Ina BupilleHHs 3aBJaHb
OOCIIIKEHHA BYUKOPUCTAHO METOAV IOPIBHAHHA aHa-
ni3y, cuHTe3y, abcTpakiii, dopmanisanii i TexHiuHOTO
MOJI€/IIOBAaHHA.

PesympraTtn. 3a pesynrbTaTaMyu HayKOBOTO IIO-
HIYKY, cipsiMoBaHoro Ha iHrterpaiito IKT B TecToBuit
KOHTPO/Ib CUIOBOI BUTPUBANIOCTI CTYJEHTIB 3 Xpo-
HIYHMMU 3aXBOPIOBAaHHAMM, IIPeJCTaB/IeHO IIPUCTPil
ceHcopHOro TectyBaHHA. CKOHCTpyilOBaHUII €MHic-
HUJI CeHCOPHUII NPUCTPill TeCTyBaHHSA 0a3yeTbCsA Ha
MIOENHAHHA CyYaCHMUX HAaHOTEXHOJIOTiI Ta MiKpomnpo-
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IIeCOPHMX CHUCTEM, 30KpeMa, CMapTQOHIB, IIaHIIeT-
HMX KOMIT I0TepiB ToIo. KOHCTPYKTMBHUM pillleHHAM
IPUCTPOIO € €JIEKTPOHHI BUMIiPIOBAJ/IbHI CCTEMU IIPO-
CTOPOBOTO IOJIOKEHHI 00’ €KTIiB Ha 6a3i eMHiCHUX ceH-
COPHMX IIPUCTPOIB.

BucHoBku. EQexTnBHICTb BUKOpUCTAaHHS pO3p06-
JIEHOTO NIPUCTPOIO ISl TECTYBAaHHA CUJIOBOI BUTPU-
Ba/IOCTi PyK i BEpXHbOI YaCTMHM Tynyba CTYAEHTIB 3
XPOHIYHMMY 3aXBOPIOBAHHAMM JOCATAETHCA 3a paxy-
HOK NPOCTOTU BMKOPUCTAHHA i KOMIAKTHOCTI Ipu-
CTPOIO, 3PYYHOI I CTY[IEHTIiB NPOLEeNypyU TeCTyBaH-
Hs, @ TAKOXX e(PeKTMBHOCTI i HafiifHOCTI pe3y/nbTaTiB
KOHTPOJIIO.

Knio4oBi cnoBa: TecTyBaHH:, KOHTPO/b, CTY/IEHT,
xpoHiuHi 3axBoproBanHusd, IKT, emHicHNIT ceHcOpHMIT
IPUCTPill, KOHTPOIb.
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MHHOBALUMOHHAA UHTEHCUOUKALIMA TECTOBOIO KOHTPOJIA
CUI0BON BbIHOC/INBOCTU B ®U3NYECKOM BOCIMTUTAHUN
CTYAEHTOB C XPOHUYECKUMW 3ABOJIEBAHUAMU

Kopsaruun B.M., brast O.3., Ilonomapés C.B.
HanvonanpHelil yHUBepcuTeT «/IbBUBChKA ITOMUTIXHIKA»

Pedepar. Crarps: 7 c., 2 puc., 34 MCTOYHMKA.

Ilens uccnemoBanmsa — 060CHOBaHME U
peannsanna COBPEMEHHBIX 3/IEKTPOHHBIX TEXHOIOIM-
YeCKUX CPeCTB i1l COBEPUIEHCTBOBAHMA TeCTUPOBA-
HIUsI CUJIOBOV BBIHOCTIMBOCTY PYK ¥ BEDXHEN YaCTH TY-
JIOBMINA CTYAEHTOB C XPOHMYECKMMM 3a00/1eBaHUAMIL

Marepuanbl 1 MeToAbl. [l pelreHns 3afad yc-
C/IelOBaHMA UCIONb30BAHO METOAbI CPABHEHMS aHa-
Nm3a, CMHTe3a, abcTpakumy, GopMannu3anyy u TeXHNU-
9YEeCKOTO MOZIETMPOBAHNA.

Pesynprathi. Ilo pesynbraTaM Hay4HOTO ITONC-
Ka, Hampas/ieHHoro Ha yHTerpaunio VIKT B TecToBbIN
KOHTPOJIb CUJIOBOJ BBIHOCTMBOCTY CTYHEHTOB C XpO-
HIYEeCKUMM 3a00/IeBaHNAMY, IPEJCTABIEHO YCTPOi-
CTBO CEHCOPHOTO TecTupoBaHuA. PaspaboTaHblit
€MKOCTHBIII CEHCOPHBIII IPUOOP TeCTUpPOBaHuA 6asu-
PyeTca Ha COYeTaHMM COBPEMEHHBIX HAHOTEXHOJIOTUI

¥ MUKPOIPOIIECCOPHBIX CUCTEM, BKIIOYasA cMapTgo-
HbI, TUTAHIIETHI U T.I. KOHCTPYKTUBHBIM pelieHneM
YCTPOVICTBA ABIIAKTCA 3JIEKTPOHHDIE U3MEPUTENbHBIE
CUCTEMBI IIPOCTPAHCTBEHHOTO IMOIOXKEHUA 00BEKTOB
Ha 6a3e eMKOCTHBIX CEHCOPHBIX YCTPOJICTB.

BoiBopbl. P eKTUBHOCTD UCIIONBb30BAHMS pa3-
PaboOTaHHOTO YCTPOICTBA [I/IA TeCTUPOBAHNA CUTOBO
BBIHOCTIMBOCTY PYK M BepXHeEN YacTy TYIOBMILA CTY-
JICHTOB C XPOHMYECKMMU 3a00/IeBaHUAMMI JOCTUTAET-
€A 3a CYeT NPOCTOTHI UCIO/Ib30BAHNA ¥ KOMIIAKTHO-
CTU YCTPOJICTBA, YEOOHOI J/I CTYEHTOB IPOLEAYpbI
TECTUPOBAHNSA, A TAKOKe 9PPEKTVBHOCTU U HAJIeXKHO-
CTU pe3y/NbTaTOB KOHTPOJIA.

Knrouesble c1oBa: TecTMpOBaHye, KOHTPOJb, CTY-
IeHT, xpoHnueckue 3abonesanns, VIKT, emkocTHOR
CEHCOPHOE YCTPOICTBO, KOHTPOJIb.
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AHoTanisa

MerTa BOCTiIKeHHS — BU3HAYUTH JUHAMIKY PyX0BOi Ta QpyHKIiOHa/IbHOI IiITOTOBIEHOCT] YUHIB 4-5 K1a-
CiB Ma/IOKOMIIIEKTHOI Ci/IbCbKOI IIKO/IM YIIPOJOBX HaB4aIbHOIO POKY.

Marepianu i MeTopu. Y gocmifpkeHHi IpuitHsm ygacTs xaonui 4 (n =9) i 5 (n = 5) xmacis. [litn ta ixai
6aTbky 61 iHOpMOBaHi Ha KJIACHMX 6aThKIBCHKMX 360pax Mo BCi 0COOMMBOCTI ZOCTiKEHHA 1 janmu
3rOJly Ha Y4acTb B eKCIIepMMeHTi. Y Hoc/imKeHH] Oy 3acTOCOBaHI HACTYIIHI METOAM: aHa/Ii3 HAYKOBO-
METO/IMYHOI JIiTepaTypH, efaroriyHe TeCTyBaHHA Ta METOU MaTeMaTUYHOI CTATUCTUKI 06pOOKIM pe-
3Y/ITATIB JJOC/IPKEHHS.

Pesynprarn. Xjomnii 4 K/1acy IOKasyloTb Kpallli pe3y/IbTaTi y 3STMHAHHI i PO3TMHAHHI PyK B YIIOpi 71e-
»Kadn B cepenHboMY Ha 10,8 pas (p < 0,05); srmHaHHi i po3rmHaHHI PyK y BUCi B cepefHbOMY Ha 5,3 pa3
(p < 0,05); Buci Ha 3irHyTUX pyKax B cepefHboMY Ha 15,3 ¢ (p < 0,05). 3a pe3ynbraTamu iHIIMX PyXOBUX
TeCTiB pO36KHOCTI MK cepemHiMM 3HAYEHHSIMM CTaTUCTUIHO HeJoCcToBipHi (p > 0,05).

BucHoBKM. 3aranbHuit piBeHb QYHKIIOHAIBHOL Ta PyXOBOI MiATOTOBICHOCTI yYHIB Ma€ JOCTATHI pi-
BeHb. CTaTUCTUYHO JOCTOBIPHI PO3ODKHOCTI MXK X/TOMIISIMY 4 i 5 K/TaciB CIIOCTepiraloThCs y 3TMHAHHI

i posrMHaHHI PyK B yHOpi JIe)kau, 3STMHAHHI 1 po3IMHaHHI pyK y BUCI, BUCI Ha 3irHYTHX pyKaX, Ipobax
IItanre, Cepkina (p < 0,05). 3a pesynpraramul iHIINX TeCTiB PO3ODKHOCTI MiX cepeHIMI 3HAYeHHAMM
CTATUCTUYHO HeRoCTOoBipHi (p > 0,05).

Knio4oBsi cnoBa: xj1omiyi, pyxoBa IiirOTOB/IEHICTb, (byHKuiOHaana HiJITOTOB/IEHICTD, Ci/TbChKa IIIKOJIA.

Bctyn

[ToripmeHHs cTaHy 3[0pOB’sA HiTei
Ta MiJUITKiB YKpaiHM B OCTaHHI POKM CTAa€ Harajb-
HOK0 TPOOIEMOI0 IIsl CHeliaicTiB pi3HUX HayKOBUX
cdep. disuuHa KynbTypa B LIKOIi Mae OYyTH OTHUM 3
TOJIOBHUX 3aC06iB 3MillHeHHs 3[j0poB’s. PopMyBaH-
Hs pyxoBoi (yHKIii, 0COONMMBOCTI PO3BUTKY PYXOBUX
3mibHOCTel! i PopMyBaHHA PYXOBUX HABUYOK € Ipef-
METOM CYYacHUX JOCTiIKeHb B rajysi ¢pisu4Horo Bu-
xoBaHHA i cropty (Ivashchenko, Khudolii, Iermakov,
& Harkusha, 2017; Ivashchenko, Khudolii, Iermakov,
Chernenko, & Honcharenko, 2018; Kapkan, Khudolii,
& Bartik, 2018, 2019).
ITpo6nema pyxoBoi aKTUBHOCTI, pyXoBoi i pyHKIIi-
OHAJIBHOI MiATOTOBIEHOCTI AiTeN 1 MifIITKIB PO3IIAa-
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nach B gocnimkennax Ivashchenko and Gislicka (2016),
Ivashchenko and Yermakova (2015), Ivashchenko,
Khudolii, Iermakov, Lochbaum, Gislicka, Zukov, and
Yermakova (2017). BcranoByeHo, 10 3 BikOM B Y4HIiB
pyXoBa MiJrOTOBJIEHICTb MAa€ TEHJEHLIIO IMifBUILY-
Batucsa (Lopatiev, Ivashchenko, Khudolii, Pjanylo,
Chernenko & Yermakova, 2017; Ivashchenko, Khudolii,
Yermakov & Prikhodko, 2018). Ile nos’s13aHo 3 ¢isuy-
HUM PO3BUTKOM, BIUIMBOM YPOKiB (i3M4HOI Ky/b-
Typu Ta nifbopom ¢isnuynux Bupas (Ivashchenko &
Yermakova, 2015; Ivashchenko, Khudolii, Yermakov,
Cretu & Potop, 2017).

Oco6muBocTi AyHaMiky GyHKI[iOHA/IBHOI i pyXoBoi
IiZITOTOBJIEHOCTI Ci/IbCOKUX IIKOJIAPIB POSITIANANNCA Y
nocmimkenni Semko (2018, 2019). BcranosneHo, 1110 y
LIKOJIAPIB CEPENHIX K/IACiB CIIOCTEPIraeTbCsA MO3UTUB-
Ha JyHaMiKa QYHKI[iOHa/IbHOTO CTaHy QYHKIIil AMXaH-
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HA i KpoBooOiry. PiBeHp pyxoBoi Ta QyHKIiOHaIbHOI
MiITOTOBJIEHOCT] IIKOJIAPIB CIIbCHKOI LIKO/IY OLIHIO-
€TbCA AK CEpeNHil.

Anai3 niTepaTypHUX IpKepes I10Ka3aB, 1[0 Majo-
JOCTIPKEHUM € PyXOBa IiJJTOTOBJIEHICTh Y4HIB Ci/lb-
CbKMX LIKiJI, y 3B’A3KY 3 IIM BYBYEHHS 0COOMMBOCTeI!
OVHAMIKM PYXOBOI IiITOTOBJIEHOCTI YYHIB Ci/IbChKUX
HIKi/I € aKTya/IbHVM.

Mema — BM3HAYUTHU AMHAMIKY PyXoBOI Ta QyHK-
LIIOHAJIbHOI TiATOTOB/IEHOCTi Y4HIB 4-5 K/aciB Mano-
KOMIUIEKTHOI CiZTbChKOI IIKO/IN YIIPOLOBK HaBYa/IbHO-
IO POKY.

Marepian i meTogun

YyacHuku 0ocnioxeHHsA

Y mocnimyKeHHi IpuitHsAMM y4acTb xmonui4 (n=9) 1
5 (n = 5) xmacy. liTnt Ta ixni 6areky 6y inpopmoBaHni
Ha KJIaCHUX 0aTbKiBCbKMX 300pax Ipo BCi 0coOMMBOCTI
TOCTIJIPKEHHA i Ja/y 3rOfly Ha Y4acTb B €KCIIEPUMEHTI.

OpeaHizayia 00C/1ioxXeHHsA

Y mocnimkeHHi 6y}1M 3aCTOCOBaHi HACTYIIHI MeTO-
JV: aHaJli3 HAyKOBO-METOAMYHOI JIiTepaTypu, Iefaro-
riyHe TeCTYBaHHA Ta METOAU MaTeMaTUYHOI CTaTUCTH -
K11 0OpOOKY pe3y/nbTaTiB ZOCTIPKEeHH .

Y nporpamy TecTyBaHHA YBIiJIIIN 3araIbHOBizOMi
tectu (Khudolii, & Ivashchenko, 2014; Ivashchenko,
2016): 4oBHUKOBMII Oir 4 x 9 M, 3TMHAHHA i pO3IMHaH-
HA PYK B YIOpI JIeXKaul, 3TMHAHHA i PO3TMHAHHA PyK
y BUCi, BUC Ha 3irHYTUX PyKaX, CTpUOOK y TOBXNHY 3

Micust, CTpubKH 3 «HafO0aBKaMu», OLliHKA CIIPUITHATTS
CIIOBUX IIapaMeTpiB pyxiB pykamu (CTpmOOK 3 Mic-
I141), OLliHKa 4acOBMX IapaMeTpiB pyxy (dac 6iry 5,10
ta 15 ¢). [Insa ouinky QyHKIIOHAIBHOTO CTaHY OyIn
BuKopucrtaHi npobu llltanre, lenui, CepkiHa.

CmamucmuyHul adani3

Y mponeci aHamisy maHMX BMKOPMCTOBYBanach
nporpama — EXCEL. O6uncmoBanucsa Taki mapame-
TpU: cepelHe apudMeTHuHe 3HAYeHHs BeIMYMHA (X),
CTaHJapTHe KBajipaTMyHe BiIXWIeHHS (S), OLIiHKa Bi-
PpOrilHOCTi Pi3HMII CTATUCTUYHUX NOKA3HMUKIB IIPO-
BOJWIACD 3a t-KpuTepieM CTblofieHTa.

Pe3ynbTaTn foCnig>KeHHA

Y Tabmmuax 1, 3 HaBe#eHi pe3ynIbTaTH TeCTy-
BaHHA PYXOBOI i yHKIIIOHa/IBHOI Mi/frOTOBIEHOCTI
XJIONLIB 4 K/IaciB Ha MOYATKY i B KiHIlI HaBYa/bHOTO
poxy. Y xyonuiB 4 Kmacy CIOCTEpiraroTbCs CTaTHUC-
TUYHO JOCTOBIPHi 3MiHM PyXOBOI iITOTOB/IEHOCTI 32
pesynbratamu 6inbiocti tectiB (p < 0,05), KpiM TecT
Ne 1 «YoBHMKOBMII 6ir 4 x 9 M», TecT Ne 5 «CTpubox y
TOBXMHY 3 Miclisa», TecT Ne 10 «O1iHka copuiHATTA
CIMJIOBMX ITapaMeTpiB pyXiB pykamu (CTpMOOK 3 MiCIIst)
1/3» (p > 0,05). Ilokasunkm dyHKIiOHaIBHOI MifrO-
TOBJIEHOCTi 3MIiHIOIOTbCA CTATUCTUYHO HE JOCTOBIpHO
(p > 0,05).

Y tabnuusAx 2, 4 HaBefleHi pe3y/IbTaTH TeCTYBaHHA
PYXO0BOi i QYHKIIIOHA/IBLHOI MirOTOBIEHOCTI X/IOMIIiB
5 K/aciB Ha IOYATKy i B KiHIIi HaBYa/JbHOTO POKY. Y
XJIONLIB 5 KIacy CIOCTEPiraroTbCA CTAaTUCTUYHO JO-

Ta6mmus 1. ITopiBHAIbHMIT aHA/I3 NOKA3HNUKIB PyX0BOI MiJTOTOBIEHOCT] X/IOMNIiB 4 K/Iacy

Ne HasBa tecty ITouaTox poky (n =9) Kinens poky (n=9) Cepepus p
X S X S pisHUIA

1 YoBHUKOBMIT 6ir 4 X 9 M, € 11,933 0,541 11,388 0,552 0,545 >0,05

2 3ruHaHHA i pOSTMHAHHSA PYK B YIOPi /IeXKaun, 15,778 5,380 19,667 6,633 3,889 <0,05
pasu

3 3rMHAHHA i pO3TMHAHHA PYK Y BUCI, pasu 4,333 4,359 7,333 6,595 3,000 <0,05

4 Buc Ha 3irnyTux pykax, ¢ 19,000 13,134 28,444 18,379 9,444 <0,05

5 CTpI/I6OK Y BOBXUHY 3 MiCLIfl, CM 150,556 13,893 159,000 16,109 8,444 >0,05

6 Crpubxu 3 «<HagOaBKaMu», pasu 3,111 0,928 4,000 1,118 0,889 <0,05

7 OuiHKa 4acoBUX IapaMeTpis pyxy (6ir 5 ¢), ¢ 1,100 0,357 0,878 0,264 0,222 <0,05

8 OuiHka yacoBMX HapameTpis pyxy (6ir 10 ¢), ¢ 1,322 0,249 1,033 0,255 0,289 <0,05

9 OriHKa YacoBUX MapaMeTpiB pyxXy (6ir 20 ¢), ¢ 1,622 0,199 1,100 0,250 0,522 <0,05

10 OuiHKa COpUITHATTA CUIOBUX IIapaMeTpiB 3,444 1,590 2,556 1,667 0,888 >0,05
pyxiB pykamm (cTpu6ok 3 micus) 1/3, cm

11 OrniHka COpUHATTA CUJIOBMX IapaMeTpiB 5,000 1,581 2,889 0,782 2,111 <0,05
pyxiB pykamu (cTpu6OK 3 Miciis) %, cm

12 OuiHKa CHOPUITHATTA CUIOBUX IIapaMeTpiB 7,222 0,972 4,000 1,936 3,222 <0,05

pyxiB pykamu (cTpubok 3 Micus) 2/3, cm
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Ta6muus 2. ITopiBHAIBHMIT aHAJII3 TOKA3HYKIB PyXOBOI IIi/frOTOBIEHOCTI X/IOMIiB 5 K/Iacy

Ne HasBa recty IToyaTok poky (n =6) Kinenp poky (n = 6) CepepHsa P
X S X S pisHuIs
1 YoBHMKOBMII 6ir 4 X 9 M, ¢ 12,483 0,713 11,616 0,672 0,867 >0,05
2 3ruHaHHA i PO3TMHAHHA PYK B YIOPi JIeXadn, 5,333 1,599 8,833 2,115 3,500 <0,05
pasu
3 3TMHAHHA i pO3TMHAHHA PYK Y BUCI, pasn 0,500 0,764 2,000 0,577 1,500 <0,05
4 Buc Ha 3irHyTHX pYKaX, C 5,500 2,930 10,667 2,925 5,167 <0,05
5 CTpM60K Y BOBXMHY 3 MiCLIfl, CM 150,2 12,877 158,3 13,275 0,081 <0,05
6 CTpI/I6KI/I 3 «Hai6aBKaMI», pasu 3,333 0,471 4,000 0,577 0,667 <0,05
7 OuiHKa YacoBMX MapaMeTpiB pyxy (6ir 5 c), ¢ 0,883 0,344 0,667 0,335 -0,216 <0,05
8 OuiHKa yacoBMX napameTpis pyxy(6ir 10 ¢), ¢ 1,350 0,475 0,933 0,468 -0,417  <0,05
9 OuiHKa YacoBUX napameTpis pyxy (6ir 20 c), ¢ 1,783 0,546 1,350 0,499 -0,433 <0,05
10 OriHKa COpUITHATTA CUIOBMX TTapaMeTpiB pyxiB 5,000 3,215 4,333 1,700 -0,667 >0,05
pykamu (cTpuboxk 3 micus) 1/3, cm
11 OriHKa COpUITHATTA CUIOBUX TTapaMeTpiB PyxiB 3,333 1,972 2,833 0,687 -0,500 >0,05
pykamu (cTpu6oK 3 Micis) ¥, cm
12 Oninka copMitHATTA CUIOBUX IIapaMeTpiB pyxiB 4,333 2,055 3,166 1,067 -1,167 >0,05
pykamu (cTpubok 3 Miciia) 2/3, cm
Ta6mmua 3. ITopiBHAIbHMIT aHAII3 TOKA3HNUKIB QYHKIIIOHATBHOI MTifTOTOBNIEHOCT] XTONIiB 4 K/Iacy
Ne Hassa npo6u ITouyarok poky (n =9) Kineus poky (n=9) Cepenns P
X S X S pisHmIA
1 ITpo6a Illtanre, ¢ 50,000 9,247 59,778 9,418 9,778 >0,05
2 [Tpob6a Tenue, ¢ 25,444 5,525 30,111 4,372 4,667 >0,05
3 ITpo6a Cepkina 1, ¢ 51,889 8,521 60,889 9,480 9,000 >0,05
4 ITpo6a CepkiHa 2, ¢ 27,444 4,362 29,778 4,494 2,334 <0,05
5 ITpo6a CepxkiHna 3, ¢ 50,556 7,650 58,000 7,890 7,444 >0,05
Ta6mmus 4. ITopiBHAIBHMIT aHATII3 TOKA3HNUKIB QYHKITIOHATBHOI [TifTOTOBIEHOCTI X/TOMIB 5 K/Iacy
Ne Hassa npo6u IToyarok poky (n=6) Kinens poky (n =6) Cepenns p
X S X S pisHMILA
1 ITpo6a Illtanre, ¢ 35,833 7,081 48,667 5,991 12,834 <0,05
2 ITpo6a Tenue, ¢ 25,000 5,508 34,667 6,394 9,667 >0,05
3 [Tpo6a Cepkina 1, ¢ 39,167 5,814 48,500 2,872 9,333 <0,05
4 ITpo6a Cepkina 2, ¢ 26,500 5,188 27,500 5,188 1,000 >0,05
5 ITpo6a Cepxkina 3, ¢ 34,167 5,842 44,500 5,500 10,333 >0,05

CTOBIpHI 3MiHM PYyXOBOI IIiZITOTOB/IEHOCTI 3a Pe3y/bTa-
tamu 6inbinocTi Tectis (p < 0,05), kpim Tect Ne 1 «HoB-
HUKOBUI 6ir 4 x 9 M», TecT Ne 10 «O1jinka CIPUIHATTA
CIJIOBVIX ITapaMeTpiB PyXiB pykamu (CTpMOOK 3 MicIis)
1/3», Tect Ne 11 «O1uiHKa CIpUIHATTA CUIOBUX Iapa-
MeTpiB pyxiB pykamu (cTpuboK 3 micus) 1/2», tect
Ne 12 «OuiHKa CIpUIHATTSA CUJIOBUX ITapaMeTpPiB pyXiB
pykamu (cTpubok 3 micris) 2/3», (p > 0,05). ITokasHUKM
npo6bu IllTaHre MOMMIIYIOTBCSA CTATUCTUYHO JJOCTO-
BipHO (p < 0,05), pe3ynbraTy iHIMNX P06 3MIHIOIOTHCS
CTATMCTUYHO He JOCTOBipHO (p > 0,05).

TM®B, 2019, Tom 19, Ne 3

Y TabmuusAx 5, 6 HaBefieHi pe3y/IbTaTu MOPiBHA/Ib-
HOTO aHajIi3y pyXoBoi i QyHKI[iOHaTbHOI Mi/froTOBIe-
HOCTi xyom1iB 4 i 5 kmaciB. CTaTUCTUYHO OCTOBipHi
PO30LKHOCTI MiXK X/IONIIAMY CIOCTEPIraloTbCs Y Tec-
TaX, AKi XapaKTepU3YIOTb BIACHE CUJIOBY IIiJTOTOBJIE-
HicTb. CIIOCTepiraroThcs JOCTOBIpHI 3MiHM y 3TMHAHHI
i posrmHaHHi pyk B yHopi nexauy, 3STMHaHHI i pO3THU-
HaHHI PYK y BMCi, BUCiI Ha 3irHyTuX pykax. Xjonui 4
KJIaCy ITOKa3yITb Kpallli pe3y/IbTaT! y STMHAHHI i pos-
TMHAaHHI pyK B YIIOpi Ie)Ka4u B cepeflHboMY Ha 10,8 pas
(p < 0,05); srmHaHHI i pO3TMHAHHI PyK y BUCi B cepefi-
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Ta6mmusa 5. ITopiBHAIbHMIT aHAII3 TOKA3HUKIB PyX0BOi MiArOTOBIEHOCTI X10N1iB 4 i 5 K1acis

Ne Hasga Tecty 4 xnac (n=9) 5 kmac (n=6) Cepenus p
X S X S pisHUIA

1 YoBHUKOBMIT 6ir 4 X 9 M, ¢ 11,388 0,541 11,616 0,672 - 0,228 >0,05

2 3TMHAHHA i PO3TMHAHHA PYK B yIIOpi /exadn, 19,667 5,380 8,833 2,115 10,834 <0,05
pasu

3 3TrMHAHHA i pO3TMHAHHA PYK Y BUCI, pasu 7,333 4,359 2,000 0,577 5,333 <0,05

4 Buc Ha 3irayTux pykax, ¢ 28,444 13,134 10,667 2,925 15,310 <0,05

5 CTpI/I6OK Y HOBXUHY 3 MiCLIfl, CM 159,000 13,893 158,300 13,275 0,700 >0,05

6 Crpubxu 3 «HafOaBKaMi», pasu 4,000 0,928 4,000 0,577 0 >0,05

7 OuiHKa YacoBYX IapaMeTpis pyxy (6ir 5 ¢), ¢ 0,878 0,357 0,667 0,335 0,211 >0,05

8 OrjiHKa YacoBMX ITapaMeTpiB pyxy(6ir 10 ¢), ¢ 1,033 0,249 0,933 0,468 0,100 >0,05

9 OuiHKa YacoByX MapameTpis pyxy (6ir 20 c), ¢ 1,100 0,199 1,350 0,499 - 0,250 >0,05

10 Or1iHKa CIPUITHATTA CUIOBMX ITApaMeTPiB PyXiB 2,556 1,590 4,333 1,700 -1,777 >0,05
pyxamu (cTprboxk 3 micrist) 1/3, cm

11 OnjiHKa CIpUITHATTSA CUIOBUX ITapaMeTPiB pyXiB 2,889 1,581 2,833 0,687 0,056 >0,05
pykamu (cTprboK 3 Miciis) Y2, cM

12 Or1iHKa CIPUITHATTA CUIOBMX ITapaMeTPiB PyXiB 4,000 0,972 3,166 1,067 0,834 >0,05

pyxamu (cTpuboK 3 Miciya) 2/3, cm

Ta6mmus 6. [TopiBHAMbHMIT aHAJII3 TOKA3HUKIB QYHKI[iOHaIbHOI MiITOTOBIEHOCT] XT0oNIiB 4 i 5K1aciB

Ne Hassa npo6u 4 xmac (n =9) 5 knac (n = 6) Cepennsa P
X S X S pisHuIs
1 [Ipo6a Illranre, ¢ 59,778 9,418 48,667 5,991 11,111 <0,05
2 ITpo6a Tenue, ¢ 30,111 4,372 34,667 6,394 - 4,556 >0,05
3 ITpo6a Cepxkina 1, ¢ 60,889 9,480 48,500 2,872 12,389 <0,05
4 ITpo6a Cepkina 2, ¢ 29,778 4,494 27,500 5,188 2,278 >0,05
5 ITpo6a Cepkina 3, ¢ 58,000 7,890 44,500 5,500 13,500 <0,05

HbOMY Ha 5,3 pas (p < 0,05); Buci Ha 3irHyTUX pyKax
B cepegHboMYy Ha 15,3 ¢ (p < 0,05). 3a pesynbraramu
iHIIMX PYXOBMX TeCTiB PO3ODKHOCTI MK cepefHiMu
3HAUeHHAMU CTaTUCTUYHO HeTOCTOBipHi (p > 0,05).

Y x710m1iB 4 K/Iacy CIHOCTepiraeTbcs OiIbII BUCOKA
AVHaMiKka QYHKIIOHaIbBHOTO CTaHy QYHKIII AMXaHHA
i kpoBoOGiry Hix y x0m1iB 5 K/1acy. CTaTUCTUYHO JO-
CTOBIpHi PO36DKHOCTI MiXK X/IOIIISIMU CIIOCTEPIraloThCsI
y mpo6i IlITanre, npo6i Cepkina 1 Ta mpo6i Cepkina 3
(p < 0,05). 3a pyHKIiOHATBHOIO MiITOTOBIEHICTIO X/IOI-
11i OIHIOIOTBCA AK 3TOPOBi. 3a pesynbraTaMy QYHKILi-
OHAJIBHOI ITiATOTOBJIEHOCTI X/IOMNIIi 4 K/Iacy IOKa3ylTh
Kpalli pesynbrati y npo6i Illtanre B cepeHbOMy Ha
11,1 ¢ (p < 0,05); mpo6i Cepkina 1 B cepeHbOMY Ha
12,4 ¢ (p < 0,05) Ta npo6i Cepkina 3 B cepeHPOMY Ha
13,5 ¢ (p < 0,05). 3a pesynmpraramy iHIMX TeCTiB GyHK-
11{OHa/IbHOI MTi/ITOTOB/IEHOCTI pO301KHOCTI MiX cepenHi-
MU 3HaYeHHAMH CTaTUCTIYHO HemoCcToBipHi (p > 0,05).

Anckycia

OTpuMaHi pe3ynbraTy XapaKTepuU3yIOTb 0COOMIM-
BOCTi PyXOBOI HiITOTOBIEHOCTI Y4YHIB CE€PEIHbOTO
IKinbHOTO BiKYy i somoBHIOIOTH AaHHi Ivashchenko,
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Iermakov, Khudolii, Cretu and Potop (2017),
Ivashchenko, Khudolii, Iermakov and Prikhodko
(2018).

Xsmonui 4 Ta 5 KaciB 3HAYHO MOKPALIVIN Pe3yiib-
TaT PyXOBOI MiITOTOBJIEHOCTi B KiHI[i HABYa/JIbHOTO
POKY B IOPiBHAHHI 3 pesynbraTaMy Ha II0YaTKy Ha-
BYAIBHOTO POKY. 3a (YHKIiOHATbHOKI IiJATOTOBIIE-
HICTIO XJIONII OLIiHIOIOTHCA SIK 3[[0POBI HETPEHOBAHI.
QyHKIiOHa/IbHA MiATOTOBIEHICTb XJIONLIB 4 KIacy
6inb1I BMCOKA HX y X/TonLiB 5 Kaacy y mpob6ax [Iltan-
re, CepkiHa; X/10NIi 5 K/1acy ImoKasany Kpalli pe3y/nb-
tatu y npo6i enui.

HapepeHi Buie aHi JONOBHIOIOTD pPe3y/IbTaTH 10-
CTTiIKeHHA 0cOoOMMBOCTel pyxoBoi i GpyHKIiOHaTBHOT
MiJrOTOBJIEHOCTI IKOJAPiB MaJIOKOMIUIEKTHUX Ci/lb-
cpkux mkin (Semko, 2018, 2019). Y mocmigkeHHi Ta-
KO BCTAQHOBJICHO, L0 PiBeHb PYXoBOi Ta QyHKIiO-
HaJIbHOI Ii/JTOTOB/IEHOCTI MIKO/APIB CiZTbChbKOI LIKOIN
OLIiHIOETBCA AK CEPEJHilL.

BucHoBKM

3aranpHUI piBeHb (PYHKIIOHA/IBHOI Ta PyXOBOI
HiJTOTOBIEHOCTi YYHIB Ma€ JocTaTHiil piBeHb. Cra-
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TUCTUYHO JOCTOBipHi pO306DLKHOCTI MiX XmonusaMu 4
1 5 K/macy crnocTepirarThCs y 3TMHaHHI i po3rMHaHHi
PYK B YIOpi 7e)Kaul, 3TMHAHHI i pO3rMHaHHI pyK y
BUCI, BUCi Ha 3irHyTUX pykax, nmpob6ax [llraure, Cep-
KiHa (p < 0,05). 3a pesynbTaTamMm iHIINX TeCTiB po3-
ODKHOCTI MK cepefHiMM 3HAYEHHSAMM CTaTUCTUYHO
HenocToBipHi (p > 0,05).
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XAPAKTEPUCTUKA ABUTATENIbHOW U ®YHKLMOHAJNIbHON
NOAroTOBJIEHHOCTU PEBAT 4-5 KJIACCOB
CEJIbCKON MAJIOKOMIUJIEKTHOW LUKOJbI

Toncron A. A.

Kypunosckaa CII Kynsackoro paitoHa, XapbKoBCKOT 00/1acTIt

Pegepar. Crarpsi: 7 c., 6 Tab/I., 14 MCTOYHUK.

Ilenp MccnegOBaHUA — OINPEIENTUTh AMHAMUKY
IBUTATENbHOI U (PYHKIMOHATBHOI MOATOTOBIEHHO-
CTU YYEHMKOB 4-5 Kjlacca Ma/IOKOMIIEKTHOI Cellb-
CKOJ1 LIIKOJIBI B TeUeHNe y4eOHOro roja.

Marepuan u MerTopbl. B mcciefoBanuy NpuHAIN
ydacTue pebsita 4 (n=9) u 5 (n = 5) knacca. [letu u ux
ponyTeny ObIIV OCBeIOM/IEHbI Ha KITACCHBIX POfIUTE/Tb-
CKMX cOOpaHMAX 0060 BCeX 0COOEHHOCTAX MCCIe0Ba-
HVSI M Iy COITIacue Ha y4dacTye B 9KCIepuMeHTe. B
VICCTIeNIOBAHMM ObUIV IPUIMEHEHBI C/IeAYIOIVIe MeTObL:
aHa/IN3 HAyYHO-METOAMYECKOI IUTepaTyphl, Iefaro-
TMYecKoe TeCTMPOBAHNUE Y METOABl MaTeMaTHYeCKOil
CTATUCTUKYU 0O6PabOTKIM pe3y/IbTaTOB MCCIefOBaHMA.

PesynbraTsl. Pe6sTa 4 Kacca MOKasbpIBAIOT JTy4-
1Y€ Pe3y/IbTaThl B CTUOaHNM U pasrnOaHUM PYK B YIIO-
pe nexxa B cpegHeM Ha 10,8 pas (p < 0,05); crubanum u
pasrubaHuy pyK B BuCe B cpefHeM Ha 5,3 pas (p < 0,05);
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BIICE Ha COTHYTBIX PYKax B cpefHeM Ha 15,3 ¢ (p < 0,05).
I[To pesynbrataM ApPYIMX [BUTATENbHBIX TECTOB pas-
JINYMA MEXJY CPEHIMY 3HAYEHUAMY CTaTUCTUYECKN
HemocToBepHsI (p > 0,05).

BeiBopbl. O61nit ypoBeHb (PYHKLIMOHAIBHO 1
JIBUTaTeNbHOI MOATOTOBIEHHOCTY YYAIUXCs MMeeT
JIOCTAaTOYHBIN ypoBeHb. CTaTUCTUYECKH JOCTOBEPHbBIE
pasmuuus Mexjay pebsaramu 4 u 5 K1accoB HabImozia-
I0TCA B CrM0aHuy 1 pasrnbaHuy pyK B yIOpe jIexa,
crubaHnm U pasrubaHuy pyK B BUCE, BICE HA COTHY ThIX
pykax, npo6ax Illtanre, Cepkuna (p < 0,05). ITo pe-
3y/IbTaTaM IPYTMX TECTOB Pa3/INyNA MeX/Y CPeTHUMM
3HAYEHUAMU CTATUCTUYECKN HelOCTOBepHHI (p > 0,05).

KnroueBbie cmoBa: pebsra, ABUraTe/bHast MOAIO-
TOBJICHHOCTD, (PYHKIIMOHA/IbHAS IIOJTOTOBIEHHOCTD,
CeJIbCKasl LIKOIA.
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DESCRIPTION OF MOTOR AND FUNCTIONAL FITNESS OF 4™-
5™ GRADE BOYS OF A RURAL UNDERFILLED SCHOOL

Tolstoi A. O.

Kurylivka Comprehensive Secondary School, Kupiansk District, Kharkiv Region

Report. Article: 7 p., 6 tabl., 14 sources.

The study purpose was to determine
the dynamics of motor and functional fitness of 4"-
5% grade boys of a rural underfilled school during the
school year.

Materials and methods. The study participants
were boys of 4" grade (n = 9) and 5" grade (n = 5). Dur-
ing parent-teacher meetings, the children and their par-
ents were informed about all the features of the study
and gave their consent to participate in the experiment.
The study used the following research methods: analy-
sis of scientific and methodological literature, pedagog-
ical testing, and methods of mathematical statistics for
processing research results.

Results. On average, the 4™ grade boys’ results are
10.8 times better in push-ups (p < 0.05); 5.3 times bet-

ter in pull-ups (p < 0.05); 15.3 s better in bent-arm hang
(p < 0.05). By the results of other motor tests, the dif-
ferences between average values are statistically non-
significant (p > 0.05).

Conclusions. The general level of the pupils’ func-
tional and motor fitness is sufficient. There are statisti-
cally significant differences between the 4th and 5th
grade boys in push-ups, pull-ups, bent-arm hang,
Stange test, Serkin test (p < 0.05). By the results of other
tests, the differences between average values are statisti-
cally non-significant (p > 0.05).

Keywords: boys, motor fitness, functional fitness,
rural school.
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Abstract

The study purpose was to determine the possibility of using pattern recognition methods to study the
impact of physical exercises modes on teaching primary school children throwing a small ball at a vertical

target.

Materials and methods. The study participants were boys aged 7 years (n = 48). The paper relied on
analysis and generalization of data of scientific and methodological literature, general scientific methods
of theoretical level, such as analogy, analysis, synthesis, abstraction, induction, as well as general scientific
methods of empirical level: observation, testing, experiment.

Results. The effectiveness of teaching boys aged 7 “throwing a ball at a vertical target” is positively
influenced by 6-12 sets, 3 repetitions per set, rest interval of 60-180 seconds. The focus in choosing a
teaching mode is on the number of repetitions per set.

Conclusions. A full factorial experiment method makes it possible to mathematically describe the

process in some local area of the factorial space and to verify the regression model. Regression equations
provide an opportunity to select the modes of performing for each exercise being studied. Discriminant
analysis has made it possible to determine the modes of physical exercises in the process of motor

skills development; to answer the question as to how significantly the modes of training differ by the
effectiveness of motor skills development; what motor tasks most substantially influence the differentiation
of classes; what class the object belongs to based on the values of discriminant variables. To select the most
rational mode of performing exercises in the process of motor skills development in boys aged 7, the first
and second discriminant functions can be used, with a focus on the most informative variables.

Keywords: teaching, boys aged 7, factorial experiment, discriminant analysis.

Introduction

The objective of schoolchildren’s physical
education is to teach them motor actions and develop
their motor abilities (Vaskov, 2016; Arziutov, Ierma-
kov, Bartik, Nosko, & Cynarski, 2016; Khudolii, Ivash-
chenko, & Chernenko, 2015). The problem of planning
the learning process and motor abilities development
in schoolchildren is relevant for both Ukraine (Kruce-
vich, & Bezverkhnia, 2010; Ivashchenko, Khudolii, Ye-
rmakova, Pilewska, Muszkieta, & Stankiewicz, 2015;
Ivashchenko, Yermakova, Cieélicka, & Sukowska, 2015;
Khudolii, Iermakov, & Prusik, 2015) and European

© Ivashchenko O.V,, Nosko M.O., Nosko Yu.M.,
Chernenko S.0O., 2019.
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countries (Ekberg, 2016; Lang, Feldmeth, Brand, Hols-
boer-Trachsler, Piihse, & Gerber, 2017).

The effectiveness of schoolchildren’s physical educa-
tion is influenced by: the system of pedagogical control
of the learning process and motor abilities development
based on multidimensional statistics (Ivashchenko,
2016, 2017; Ivashchenko, & Cieslicka, 2017); method-
ological approaches to streamlining the programs of
teaching physical exercises (Ivashchenko, 2001; Miro-
shnychenko, 2007; Khudolii, 2008a, 2008b); taking into
account the patterns of motor function development
(Nosko, 2001; Nosko, Kryvenko, & Manievych, 2001;
Nosko, & Sumak, 2000) and the body reaction to dif-
ferent modes of alternating physical exercises with rest
intervals in the process of building motor skills and
developing motor abilities in children and adolescents

TM®B, 2019, Tom 19, Ne 3
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(Khudolii, & Iermakov, 2011; Khudolii, Ivashchenko,
Iermakov, & Rumba, 2016).

The learning process is approached from the follow-
ing perspectives:

« organization: it is suggested that the process of
physical education in schools be planned by pe-
riods each having its goal (Krucevich, Trachuk,
Napadij, 2016; Ekberg, 2016); educational pro-
cess planning based on learning models and
motor abilities development (Ivashchenko,
2016);

« motivation for motor activity: learning success
positively influences a motivation for motor
activity, the higher the level of proficiency in
exercises performance, the wider the range of
motor activity (Darnis, & Lafont, 2015; Xu, &
Ke, 2014);

o connection between learning outcomes and
motor activity: experimental data show that
learning success leads to an increase in motor
activity (Al-Ravashdeh Abdel Baset, Kozina,
Bazilyuk, & Ilnickaya, 2015; Lang et al., 2017);

o integration of cognitive and motor learn-
ing (Chatzipanteli, Digelidis, Karatzoglidis, &
Dean, 2016; Altunsoz, & Goodway, 2016; Koh,
Ong, & Camiré, 2016);

o influence of motor preparedness on the effec-
tiveness of building motor skills (Ivashchenko,
2017; Khudolii et al., 2016),

 influence of physical activity on the effective-
ness of teaching schoolchildren motor actions
(Ivashchenko, Kapkan, 2015; Kapkan, 2015).

Studies found out that the level of schoolchildren’s
motor preparedness is influenced by the correlation be-
tween learning processes and motor abilities develop-
ment. (Ivashchenko, 2016). The development of mo-
tor abilities is effective provided that they form part
of acquired motor skills (Khudolii, Ivashchenko, &
Chernenko, 2015). It was found that the effectiveness of
learning improves when using the method of algorith-
mic instructions (Khudolii, 2008a, 2008b; Ivashchenko,
2001) and taking into account the modes of alternat-
ing exercises with rest (Khudolii, & Ivashchenko, 2013;
Ivashchenko, 2016, 2017).

One of the methods for studying the peculiarities
of motor skills development in children and adoles-
cents is modeling. Modeling is an effective method to
obtain new information on the possibility of current
and final control through testing children’s and adoles-
cents’ motor preparedness (Khudolii, & Ivashchenko,
2013, 2014; Lopatiev, Ivashchenko, Khudolii, Pjanylo,
Chernenko, & Yermakova, 2017; Vlasov, Demichkovs-
kyy, Ivashchenko, Lopatiev, Pitin, Pjanylo, & Khudolii,
2016). One of the statistical modeling methods is dis-
criminant analysis, the data of scientific literature point
to its effectiveness for the classification of children’s and
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adolescents’ functional and motor preparedness (Khu-
dolii, & Ivashchenko, 2014; Mili¢, Milavi¢, & Grgantov,
2011; Ivashchenko et al., 2015; Khudolii et al., 2015).
A full factorial experiment method makes it possible
to mathematically describe the process in some local
area of the factorial space and to verify the regression
model. Regression equations provide an opportunity to
select the modes of performing for each exercise being
studied. To select the most rational mode of performing
exercises in the process of motor skills development in
boys, the first discriminant function can be used, with
a focus on the most informative variables (Ivashchen-
ko, Khudolii, Iermakov, Chernenko, & Honcharenko,
2018).

Therefore, it is relevant to study the peculiarities of
motor skills development in primary school children.

The study purpose was to determine the possibility
of using pattern recognition methods to study the im-
pact of physical exercises modes on teaching primary
school children throwing a small ball at a vertical target.

Materials and methods

Study participants

The study participants were boys aged 7 years
(n=48).

Study organization

The paper relied on analysis and generalization of
data of scientific and methodological literature, general
scientific methods of theoretical level, such as analogy,
analysis, synthesis, abstraction, induction, as well as
general scientific methods of empirical level: observa-
tion, testing, experiment.

The study used full 2° type factorial experiment
plans (see Table 1). The motor modes of teaching boys
aged 7 throwing a ball at a target were studied. The pur-
pose of the FFE was to optimize the modes of teaching
and to determine the peculiarities of motor skill devel-
opment in boys aged 7 based on the analysis of regres-
sion equations.

During a pedagogical experiment, the researchers
studied the influence of the number of sets (x,), the
number of repetitions per set (x,) and rest intervals (x,)
on the level of proficiency in exercises performance of
boys aged 7.

When teaching throwing exercises, the study evalu-
ated the level of proficiency during every class by the
alternative method (“performed”, “failed”) and calcu-
lated the probability of exercise performance (p = n/m,
where n is the number of successful attempts, m is the
total number of attempts).

When teaching boys aged 7, the study used the
method of algorithmic instructions. The next exercise
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Table 1. Matrix for a 2° type factorial experiment in
studying the impact of different modes of repeating the
exercise on the level of their performance proficiency

Factors

Experimantal * % %3

Group number of number of rest
sets repetitions per interval

set (times) (sec)

1 6 1 60

2 12 1 60

3 6 3 60

4 12 3 60
5 6 1 180
6 12 1 180
7 6 3 180
8 12 3 180

was carried out after three successful attempts. Throw-
ing a ball at a vertical target was taught.

Statistical analysis

The study used well-known methods of analyzing
the results of a full 2* type factorial experiment (Khu-
dolii & Ivashchenko, 2014; Ivashchenko, 2016).

The study materials were processed using the IBM
SPSS 20 statistical analysis program. In the process of
discriminant analysis, the researchers created a prog-
nostic model for group membership. This model builds
a discriminant function (or, when there are more than
two groups — a set of discriminant functions) in the
form of a linear combination of predictor variables,
which ensures the best division of groups. These func-
tions are built according to a set of observations, for
which their group membership is known. These func-
tions can continue to be used for new observations
with known values of predictor variables and unknown
group membership.

For each canonical discriminant function, the study
calculated: eigenvalue, dispersion percentage, canonical
correlation, Wilks’ Lambda, Chi-square.

To determine the impact of the suggested modes of
physical exercises for boys aged 7, a discriminant analy-
sis was conducted. The study analyzed the influence of
the number of sets, the number of repetitions per set
and the rest interval on the level of proficiency in the
following movements: 1. Throwing a ball against the
floor; 2. Throwing a ball forward and up, feet shoulder
width apart; 3. Throwing a ball forward and up, left leg
forward; 4. Throwing a ball forward and up, left side
to the throwing direction; 5. Throwing a ball at a 3 m
distant target.

The study protocol was approved by the Ethical
Committee of the University. In addition, the chil-
dren and their parents or legal guardians were fully in-
formed about all the features of the study, and a signed
informed-consent document was obtained from all the
parents.

Results

The results of factorial experiment are shown in Ta-
bles 2.

The analysis of regression equations showed that
the level of proficiency in the first exercise “Throwing
a ball against the floor” in boys aged 7 is influenced
negatively by the number of repetitions per set (x,) and
positevely — by the relationship between the number
of sets and the number of repetitions per set (x,x,) (see
Table 2). The result in teaching depends on the number
of repetitions per set (x,) by 72.25 % and on the rela-
tionship between the number of sets and the number of
repetitions per set (x,x,) — by 16 %.

The level of proficiency in the second exercise
“Throwing a ball forward and up, feet shoulder width
apart” is influenced negatively by the number of repeti-
tions (x,) and positevely — by the relationship between

Table 2. Regression dependence of the level of proficiency in throwing a small ball at a target on
the number of sets (x1), the number of repetitions per set (x2) and rest intervals (x3) in boys aged

7

Number of Exercises

Regression Equations for Coded Variables

1. Throwing a ball against the floor

2. Throwing a ball forward and up, feet
shoulder width apart

3. Throwing a ball forward and up, left leg
forward

4. Throwing a ball forward and up, left side
to the throwing direction

Y = 0.76 - 0.085x, + 0.04x x,
Y = 0.77 - 0.051x, + 0.046x x,

Y = 0.8 - 0.044x, + 0.049x X,

Y =0.67 + 0.091x, + 0.056x, - 0.096x,x,
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the number of sets and the number of repetitions per set
(x,x,). The result in teaching depends on the number of
repetitions per set (x,) by 50.4 % and on the relationship
between the number of sets and the number of repeti-
tions per set (x x,) — by 41.04 %

The level of proficiency in the third exercise “Throw-
ing a ball forward and up, left leg forward” is influ-
enced negatively by the number of repetitions (x,) and
positevely — by the relationship between the number
of sets and the number of repetitions per set (x,x,). The
result in teaching depends on the number of repetitions
per set (x,) by 33.36 % and on the relationship between
the number of sets and the number of repetitions per set
(x,x,) — by 41.43 %.

There is a positive influence of the number of sets
(x,), the number of repetitions per set (x,) and a nega-
tive influence of the relationship between the number of

Table 3. Canonical discriminant function. Eigenvalues. Boys
aged 7

Function Eigenvalues % Despersion Cumulative Canonical

sets and the number of repetitions per set (x x,) on the
level of proficiency in the fourth exercise “Throwing a
ball forward and up, left side to the throwing direction”.
The result in teaching depends on the number of sets
(x,) by 37.34 %, on the number of repetitions per set
(x,) — by 14.18 %, and on the relationship between the
number of sets and the number of repetitions per set
(x,x,) — by 41.54 %.

Therefore, the effectiveness of teaching boys aged 7
years “throwing a ball at a vertical target” is positively
influenced by 6-12 sets, 3 repetitions per set, rest inter-
val of 60-180 seconds. The focus in choosing a teaching
mode is on the number of repetitions per set.

To specify the impact of different modes of physical
exercises on the level of proficiency, let us perform a
discriminant analysis (see Tables 3-6).

The first canonical function explains 57.6 %, of the
results variation, which indicates its high informative
value (r=0.790) (see Table 4). The analysis of canoni-
cal functions proves a statistical significance of the first
and second canonical functions (A1=O.14O; p,=0.001;
A,=0.373; p,=0.022). The first and second functions

Explained % Correlation  have a high discriminative ability and meaning in the
) L 662 6 76 790 interpretation of the'gen‘ere‘tl populatlop (Table 4)..
The structure discriminant function coefficients,
2 630 21.8 794 622 which are the coefficients of correlation between the
3 503 17.4 96.8 579 variables and the function, indicate that the functions
are closely connected with the level of proficiency in
4 .064 2.2 99.1 .246
5 027 9 100.0 162 Table 6. Functions in group centroids. Boys aged 7
Modes of Function
Table 4. Canonical discriminant function. Wilks’ Lambda. Training 1 2 3 4 5
Boys aged 7
1.00 164 -1.516  .727 215 .056
Verification (o, o 1 ambda  Chi-Square  De8rees of 2.00 229 180 522 -451 142
of Functions Freedom
3.00 .026 -.761 -1.424  -129 -.106
from 1to 5 .140 79.548 35 .000
4.00 2.167 410 -.024 -.117 .019
from2to5 373 39.893 4022 5.00 2042 107 -199  -004 142
from 3 to 5 .609 20.108 15 -168 6.00 -387 205 671 -054  -335
from4to5 915 3.597 8 .892 7.00 -.834 934 -.127 .266 -.026
5 974 1076 3 783 8.00 1135 440  -145 274 109
Table 5. Structure canonical discriminant function coeflicients. Boys aged 7
Content Function
1 2 3 4 5
3. Throwing a ball forward and up, left leg forward .803* -.507 .076 -.038 -.302
2. Throwing a ball forward and up, feet shoulder width apart 351 .591* .100 -429 .578
5. Throwing a ball at a 3 m distant target .196 223 732* .518 -.328
4. Throwmg a ball forward and up, left side to the throwing 414 511 536 146 _510
direction
1. Throwing a ball against the floor 293 -.114 -419 494 .694*
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Fig. 1. Canonical discriminant functions.
Graphic representation of classification results of
the level of proficiency in exercises in boys aged
7:m — centroids for data groups after modes of
exercises 1-8

vaulting preliminary exercises. The level of proficiency
in exercises depends on teaching modes, and the level
of proficiency in vaulting depends on the level of profi-
ciency in preliminary exercises (Table 3).

The graphic material given in Fig. 1 shows the
density of objects in each class and the distinct boundary
between the classes, which indicates the possibility
of choosing the mode of performing the exercise to
successfully teach throwing a small ball at a vertical
target (Table 6).

Discussion

The study assumed that a full factorial experiment
and discriminant analysis would make it possible to
determine the peculiarities of motor skills development
in boys aged 7. The obtained results show that the ma-
trix for a full 2° type factorial experiment given in Table
1 can be used to study the effectiveness of the learn-
ing process. A full factorial experiment method makes
it possible to mathematically describe the process in
some local area of the factorial space around the point
with the coordinates of the n-dimensional space and to
verify the regression model. Regression equations pro-
vide an opportunity to select the modes of performing
for each exercise being studied.

The study makes an assumption on the possibility
of using a discriminant function to evaluate the effec-
tiveness of different modes of physical exercises when
teaching a series of throwing exercises. The verification
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of canonical functions proves their statistical signifi-
cance, and the discriminant function equation provides
an opportunity to select the best option for obtaining a
positive effect when teaching a series of exercises.

The results obtained:

o specify the conceptual approaches to planning
the experiment in studying the learning process
effectiveness and developing learning models
in children (Khudolii, & Ivashchenko, 2013;
Ivashchenko, 2016; Ivashchenko, Khudolii,
Iermakov, & Harkusha, 2017);

 regression models given in Table 5 provide an
opportunity to select the best option for teaching
each exercise and supplement the conclusions
on the effectiveness of using a full factorial
experiment (FFE) in physical education and
sports research (Khudolii, & Iermakov, 2011;
Khudolii, et al., 2016; Khudolii et al., 2015);

o supplement the information on the use of a
discriminant function in the classification
of schoolchildren by motor activity (Mili¢
et al,, 2011; Gert-Jan de Bruijn, & Benjamin
Gardner, 2011; Lulzim, 2013). As in the
papers by Geoftrey D. Broadhead And Gabie
E. Church (1982), Ivashchenko, Khudolii, &
Miroshnichenko, (2016), Ivashchenko, (2016),
Khudolii et al. (2015), the study observed a
high discriminative and predictive ability of the
obtained functions in evaluating children’s and
adolescents’ motor preparedness.

During the analysis, the study calculated canoni-
cal discriminant function coeflicients (unstandardized)
acting as factors of the given values of variables includ-
ed in the discriminant functions. Based thereon, it is
possible to classify the modes of exercises by the level of
proficiency in physical exercises performance of boys
aged 7, which is of practical value.

In order to select the mode of performing throwing
exercises, let us plug the level of proficiency in each ex-
ercise, which ensures a positive learning effect, into the
discriminant function equation:

Y, = -23.075 + 3.260X, + 6.485X, + 14.310X, +
+2.467X, + 2.129X, (function 1)

Y, = -4.257-1.650X, + 7.641X_ -10.371X, + 5.859X,
+4.645X, (function 2)

where Y is the function result, X is the level of pro-
ficiency in exercise 1, X, — the level of proficiency in
exercise 2, X, — the level of proficiency in exercise 3,
X, — thelevel of proficiency in exercise 4, X, — the level
of proficiency in exercise 5.

Let us compare the obtained result (Y, = -1.587;
Y, = 0.336) with the values of centroids for the first and
second canonical functions (Table 4). The comparison
shows that mode of training 4 (12 sets of 3 times per set,
with a 60-second rest interval) is the most favorable for
teaching throwing to boys aged 7.
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Consequently, the discriminant analysis allowed to
answer the question as to the reliability of classifica-
tion of physical exercises modes; as to how the level
of proficiency in series of learning tasks influences the
process of mastering the whole exercise; and what mode
of performing exercises can be universal for teaching
throwing exercises.

Conclusions

A full factorial experiment method makes it possi-
ble to mathematically describe the process in some local
area of the factorial space and to verify the regression
model. Regression equations provide an opportunity to
select the modes of performing for each exercise being
studied.

Discriminant analysis has made it possible to de-
termine the modes of physical exercises in the process
of motor skills development; to answer the question as
to how significantly the modes of training differ by the
effectiveness of motor skills development; what motor
tasks most substantially influence the differentiation of
classes; what class the object belongs to based on the
values of discriminant variables.

To select the most rational mode of performing ex-
ercises in the process of motor skills development in
boys aged 7, the first and second discriminant func-
tions can be used, with a focus on the most informative
variables.

The prospect for further research is to study meth-
odological approaches to pedagogical control in teach-
ing physical exercises to primary-school-age children.
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PO3MI3HAHHA OBPA3IB: XAPAKTEPUCTUKA
PEXNMIB HABHAHHA METAHHIO MAJIOIO M'AYA
Y BEPTUKAJIbHY UJ1b XJIOMYUKIB 7 POKIB

IBamenko O.B.!, Hocko M.0.?%, Hocko 10.M.?, Yepnenko C.O.*
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*IlonbacpKa fep>kaBHAa MAIINHOOYiBHA aKameMist

Pedepar. Crarts: 9 c., 1 puc., 6 Tabn., 43 mxepena

Merta po60TH — BU3HAYUTH MOXK/IN-
BiCTh BUKOPMCTAHHSI METOJAUK PO3IMi3HaHHI 00pasis
y BUBYEHHi BIUIMBY PEXMMiB BUKOHAHHA (Di3MIHMX
BIIPaB Ha IIPOLleC HaBYaHHA METAHHIO MAJIOTO M S4a y
BEPTUKAJIbHY Li/Ib IIKOIAPiB MOMOAIINX K/IACiB.
Marepiamm i meTomu. Y JOCTiKeHHi IpUITHAIN
y4acTb X/TOIUVKM 7 poKiB (n =48). Y pobori Bukopucrasi
aHasi3 I y3araJbHeHH:A JaHUX HayKOBOI Ta METOIMYHOL
JiTepaTypy, 3arajJibHO-HAyKOBi METOIM TEOPETUIHOTO
PiBHS, TaKi, K aHAJIOTiA, aHAJIi3, CUHTES, a6CTparyBaHHH,
IHAYKLiA, a TAKOXK 3ara/JbHO-HAYKOBI METOIY eMIIipHy-
HOTO PiBHA: CIIOCTEPEKEHHS, TeCTYBaHHS, €KCIIEPVMEHT.
Pesynbratn. Ha edexTuBHicCTD mpolecy HaByaH-
HS XJIOIYUKIB 7 POKIB «KMJKY M’Sl4a y BEepTUKAIbHY
1Ii/Ib» MO3UTUBHO BIIMBA€E 6-12 MigxofiB, KiIbKiCThb
IIOBTOPEHD y MifX0fi 3 pasy, iHTEpBaJI BiJIIOYMHKY
TpuBae 60-180 c. Ak1eHT y BUOOpi pe>KUMy HaBYaHHSA
POOUTBHCS Ha KiZTBKOCTI IIOBTOPEHbD Y MiIXOf].
BucHoBKM. MeToz1 TOBHOTO (paKTOPHOTO €KCIIepH-
MEHTY [03BOJIA€ OTPUMATU MaTeMAaTUYHNII ONKC IIPO-

TM®B, 2019, Tom 19, Ne 3

Ilecy B JiesIKiil JIOKa/lbHiil 06/macti pakTOpHOro Mpo-
CTOpY Ta mpoBecTy Bepudikallilo perpeciiiHoi Moperti.
PiBHAHHA perpecii Jal0Th MOXIUBICTD MZOOPY pexKu-
MiB BUKOHAHHA JI/Is1 KOXKHOI BIIPABY, KA BUBYA€ThCA.
JVCKpUMiHaHTHUI aHaji3 JO3BONMMB BU3HAYUTH pe-
KVMIMU BUKOHAaHHA Qi3MYHMX BIIPaB y mpoleci popmy-
BAaHHS PyXOBMX HaBMYOK; JAT! BifilIOBigb Ha MUTaHHA
HACKi/IbKM JOCTOBIPHO Pi3HATBHCA peXXuMu poboTu 3a
Pe3y/IbTaTUBHICTIO GOPMYBaHHSA PYXOBMUX HaBUYOK;
AKi pyXoBi 3aBlaHHA HalOi/MbII CYTTEBO BIUIMBAIOTH
Ha PO3pisHEHHA KJACiB; JO AAKOTO KJIACy HaJIeXUTb
00’€KT Ha OCHOBI 3HaUeHb AUCKPYMIHAHTHUX 3MiHHUX.
Jns BuGopy HaibinbII palioHaIBHOTO PEXUMY BU-
KOHAHHA BIIPaB y nporeci popMyBaHHsS PyXOBMX Ha-
BIYOK Y X/IOITYVKIB 7 pOKiB MOXKe OyTU BUKOPUCTaHA
nepuia i gpyra guckpumiHanTHi QyHKUii 3 aKIieHTOM
Ha Hait6ibp1I iHpopMaTHBHI 3MiHHI.

KirouoBi cmoBa: HaBYaHHSA, XJIONI 7 POKiB, (ak-
TOPHUII eKCIIEPUMEHT, JVICKPVMIHAHTHIIL aHaIi3.
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PACMO3HABAHUE OBPA30B: XAPAKTEPUCTUKA
PEXMMOB OBYYEHUA METAHUIO MAJIOIO MAYA
B BEPTUKAJIbHYIO LIEJIb MAJIbYMUKOB 7 JIET

VBamenko O.B.', Hocko H.A.?, Hocko 10.H.%, Yepuenko C.A.*

'XapbKOBCKMIT HAI[MOHAJIbHBIN Nefarorndeckuit yausepcuteT uMeHu I. C. CkoBopozb
> HannoHa/IbHbIN YHUBEPCUTET « HepHUTOBCKMIT KoyuternyM» uMenn Tapaca [lleByeHko
‘Jlonb6ackas rocyjapcTBEHHAs MalITHOCTPOUTE/IbHAS aKa/leMIs

Pedepar. Cratpst: 9 c., 1 puc., 6 Tabi., 43 NCTOYHMKA.

ITenp paboThl — OmpenennTb BO3MOXK-
HOCTb JICIIOTb30BAHMsI METOAMK paclio3HaBaHUSA 00-
Pa3soB B M3yYeHU! BIAMAHUA PEXKMMOB BBIIIOTHEHUA
¢$usMYecKNX yIpaXHeHNI Ha Ipolecc oOydeHus Me-
TAHUIO MaJIOTO MsAYa B BEPTUKAIbHYIO 1Ie/Ib IIKOJIbHU-
KOB MJIaZIIINX K/TaCCOB.

Marepuansl u MeToAbI. B nccnenoBanny npuHA-
mm ydactue Manpuuku 7 et (n = 48). B pabote nc-
NI0/Ib30BAHBI aHAMN3 1 0000IeHNe JaHHBIX HayYHON
U METOAMYECKON NUTEPATyphl, Hay4HbIEe METOIbI T€O-
PeTMYECKOTo YPOBHsA, TaKye, KaK aHajIorusA, aHajIu3,
CMHTe3, abCTparnpoBaHme, MHAYKIVA, a TAaKXKe Hayd-
Hble METOJbl SMIIMPUYECKOTO YPOBH:A: HabIOfeHNE,
TeCTMPOBaHMe, SKCIEPUMEHT.

Pesynbrarsl. Ha a¢dexTuBHOCTD Iporecca obyde-
HIISI MQJIBYMKOB 7 JIeT «METaHMIO MAYa B BepTUKAIbHYIO
LIe/Tb» TTOJIOKUTENTbHO BAMAET 6-12 MOgX0[0B, KOmmye-
CTBO IIOBTOPEHNII B ITOAXOfie 3 pasa, MHTEPBAJI OTAbIXa
mrtcst 60-180 c. AKIIeHT B BBIOOpe pexxuMa 00ydeHus
IeaeTcs Ha KOoNMM4yecTBe IOBTOPEHNI B IOAXOE.

BoiBogbl. MeTos MOMHOrO (pakKTOPHOTO SKCIEPH-
MeHTa MO03BOJIAET IONTYyYUTh MaTeMaTH4ecKoe OIuca-

HIle IIpoIlecca B HEKOTOPOIt IOKaIbHOI 06/macTu dax-
TOPHOTO TPOCTPAHCTBA U MPOBECTY BepuUKAIIIO
PerpecCuoHHO MOfieNn. YpaBHEHUs perpeccuyl AT
BO3MOXXHOCTb TIOf00pa PEXMMOB BBIIIOTHEHUS IS
KaKJ[OTO YIIPaXHEHNs, KOTopoe usydaercst. Juckpu-
MVHAHTHBII aHA/IN3 [O3BO/IN/I OIPEJETUTh PEXKIMBI
BBIIIONIHEHMsI (pU3MYeCKUX YIpaKHEeHWIT B Ipolecce
(dbopMMpOBaHMs IBUrAaTETbHBIX HABBIKOB; 1aTh OTBET
Ha BOIIPOC HACKOJIBKO JOCTOBEPHO OTINYAITCA pe-
JKVMBI PabOTBI 110 Pe3yIbTaTUBHOCTY (HOPMIPOBAHNS
[IBUTaTeNbHbIX HABBIKOB; KaKle [ABUTAaTe/IbHbIe 3a1aunl
Hanbosee CyLUIeCTBEHHO BIVSIOT Ha Pasndms Kiac-
COB, K KAKOMY KJIacCy IPMHAIEKNUT 00BEKT Ha OCHOBE
3HAYEeHUIT JUCKPYMIHAHTHBIX TIepeMeHHBIX. [l BbI-
6opa Hambosee PAIIOHATIBHOTO PEXXMMa BBITOTHEHISI
yIpaXHeHui! B mpoiecce GOpMUPOBAHIsL JBUTATENb-
HBIX HABBIKOB Y MA/IbYMKOB 7 JIeT MOXKET OBITb VCIIO/Ib-
30BaHa I1epBast U BTOpasi AUCKPUMIHAHTHbIE QYHKIINY C
aKI[eHTOM Ha Hanboree MHGOPMATVBHbIE IepeMeHHbIE.

KimroueBble cmoBa: obOydeHye, MaJbuuKu 7 JIeT,
baKTOPHBIN 9KCHEPUMEHT, [AUCKPUMMUHAHTHBIN
aHaus.
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Abstract

The study objective is to determine the possibility of identifying the state of strength abilities development
in boys aged 12-14, using the methodology of multidimensional statistics.

Materials and methods. The study involved boys: 12 (n =35), 13 (n = 36), 14 (n = 36) years old. The study
used the following methods: analysis and collation of scientific and methodological literature, general
scientific methods of theoretical level, such as analogy, analysis, synthesis, abstraction, induction, as well
as general scientific methods of empirical level: observation, testing, experiment. The testing program in-
cluded well-known tests.

Results. In identifying the state of motor abilities development in boys aged 12-14, the most important
results were obtained in tests: 10 “Squats Test (two legs), quantity of times” (0.519), 9 “Trunk Lift Test,
quantity of times” (0.497), 21 “Flamingo Balance Test - single leg balance test” (-0.496), 1 “Pull-Up / Chin
Up Test (low crossbar), quantity of times” (0.428), 19 “Hand Tapping Test, sec” (-0.427), 20 “Seated For-
ward Bend, cm” (-0.412), 5 “The subject lies in prone position, arms bent at the elbow 90 degrees - hold
position in seconds” (0.408). These tests characterize the comprehensive development of motor abilities in
boys aged 12-14.

In identifying the state of motor abilities development in boys aged 13-14, the most important results

were obtained in tests: 8 “Decline Reverse Crunch on Bench, quantity of times” (-0.989), 11 “Single Leg
Squat (SLS) Test - right leg, quantity of times” (0.965), 1 “Pull-Up / Chin Up Test (low crossbar), quantity
of times” (0.676), Ne13 “Single Leg Squat (Pistol) - right leg” (0.682), 17 “Eurofit Sit Up Test (for 30 sec.),
quantity of times” (0.454). These tests characterize the development level of relative and static leg strength,
strength endurance of abdominal muscles, and dynamic strength of shoulder muscles.

Conclusions. A discriminant analysis made it possible to determine informative indicators for
comprehensive control of motor abilities development in boys aged 12-14; to answer the question as to
how significantly the states of motor abilities development in boys aged 12, 13 and 14 differ; what motor
tests most substantially influence the differentiation of classes; what class the object belongs to based on the
values of discriminant variables.

To identify the level of motor abilities development in boys aged 12-14 years, it is necessary to focus on the
indicators of relative strength and strength endurance; in boys aged 13 and 14 years — on the indicators of

strength endurance of abdominal muscles and endurance of leg muscles.
Keywords: motor abilities, discriminant analysis, pattern recognition, boys aged 12-14.

Introduction

Physical activity and its impact on popu-
lation health is one of the problems actively studied
in the field of physical education. Studies of the lev-

© Khudolii O.M., Ivashchenko O.V., Iermakov S.S.,
Veremeenko V.Yu., Lopatiev A.O., 2019.
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el of physical activity and its impact on the quality of
life of adult population showed that the highest levels
of physical activity positively affect the quality of life
(Badicu, & Balint, 2016; Badicu, 2018). Physical educa-
tion of schoolchildren aims at optimizing the child’s
physical development (Balsevich, 2000; Novak, Podnar,
Emeljanovas, Marttinen, 2015), improving the process
of motor skills development and teaching physical ex-
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ercises (Ivashchenko, 2016; Emeljanovas, Mieziene,
& Putriute, 2015), health promotion and protection
(Krutsevych, & Bezverkhnia, 2010). Strength abilities
are part of the basic ones, their level of development in-
fluences the effectiveness of teaching physical exercises
and motor preparedness of schoolchildren (Ilyin, 2003;
Ivashchenko, 2016).
Numerous studies reached the following
conclusions:
« on the regularities of development of strength,
speed, coordination, endurance, and flexibility
in children (Liakh, 2000; Khudolii, 2008;
Serhiienko, Chekmarova, & Khadzhynov,
2012);

o on the influence of the level of motor
abilities development on building motor
skills in schoolchildren (Ivashchenko, 2016;
Ivashchenko, Prykhodko, & Cieslicka, 2018);

« on the effectiveness of using tools and methods
of training in motor abilities development
(Liu, Chen, Ho, Fule, Chung, Shiang, 2013;
Khudolii, Iermakov, & Prusik, 2015; Cieélicka,
Ivashchenko, 2016).

In previously published papers, it was found
that the system of schoolchildren’s physical educa-
tion has a hierarchical structure where the develop-
ment of motor abilities is subordinated to the pro-
cess of building motor skills: strength development
— development of movement coordination, speed,
endurance, and flexibility — building motor skills
(Khudolii, Ivashchenko, 2014; Ivashchenko, 2017;
Ivashchenko, Khudolii, Iermakov, Lochbaum, Cies-
licka, Zukow, Nosko, & Yermakova, 2016; Khudolii,
Iermakov, & Prusik, 2015).

Multidimensional methods of mathematical sta-
tistics such as factor and discriminant analyses are ef-
fective for studying the structure of schoolchildren’s
motor preparedness (Ivashchenko, 2016; Lopatiev,
Ivashchenko, Khudolii, Pjanylo, Chernenko, & Yerma-
kova, 2017; Vlasov, Demichkovskij, Ivashchenko, Lo-
patiev, Pitin, Pjanylo, & Khudolii, 2016). There are two
vectors in the methodological approach to the use of
multidimensional methods of mathematical statistics.
The first vector is an assessment of the current state, the
second is an assessment of the state dynamics. Factor
analysis, which determines informative indicators, is
used to evaluate the current state. To evaluate the state
dynamics in the series of lessons and in an age range,
discriminant analysis is used, it allows to determine in-
formative indicators for comprehensive control and to
determine what class of preparedness the pupil belongs
to based on discriminant functions (Ivashchenko, 2017;
Ivashchenko, Kapkan, Khudolii, Yermakova, 2017). In
available literature, however, there are not enough data
on the peculiarities of evaluating motor abilities devel-
opment in middle school students.
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Thus, it is relevant to study the peculiarities of mo-
tor abilities development based on identification of
their state of development in middle school boys.

The study objective is to determine the possibility
of identifying the state of motor abilities development
in boys aged 12-14, using the methodology of multidi-
mensional statistics.

Materials and methods

Study participants

The study involved boys: 12 (n = 35), 13 (n = 36), 14
(n = 36) years old.

The study protocol was approved by the Ethical
Committee of H. S. Skovoroda Kharkiv National Peda-
gogical University. In addition, the children and their
parents or legal guardians were fully informed about all
the features of the study, and a signed informed-consent
document was obtained from all the parents.

Study organization

The study used the following methods: analysis and
collation of scientific and methodological literature,
general scientific methods of theoretical level, such as
analogy, analysis, synthesis, abstraction, induction, as
well as general scientific methods of empirical level:
observation, testing, experiment.

Testing procedure

The testing program included well-known tests (Li-
akh, 2000; Serhiienko, 2001; Ivashchenko, 2016). To
evaluate motor preparedness, the study recorded the
results of motor tests:

o Test 1. Pull-Up / Chin Up Test (low crossbar),

quantity of times;

o Test 2. Bent Arm Hang Test (two hands), sec.;

o Test3.Pull-Up/ Chin Up Test (Rope Climbing),

quantity of times;

o Test4. Cadence Push-Up Test, quantity of times;

o Test 5. The subject lies in prone position, arms

bent at the elbow 90 degrees — hold position
in seconds;

o Test 6. Pull Up Bar — Straight Leg Hanging Leg

Raises, quantity of times;

o Test 7. Hanging Leg Raises, sec.;

o Test 8. Decline Reverse Crunch on Bench,

quantity of times;

o Test9. Trunk Lift Test, quantity of times;

o Test 10. Squats Test (two legs), quantity of times;

o Test 11. Single Leg Squat (SLS) Test — right leg,

quantity of times;

o Test 12. Single Leg Squat (SLS) Test — left leg,

quantity of times;
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o Test 13. Single Leg Squat (Pistol) — right leg;

o Test 14. Single Leg Squat (Pistol) — left leg;

o Test 15. Handgrip Strength Test, kg;

o Test16. Standing Long Jump Test (Broad Jump),
cm;

o Test17. Eurofit Sit Up Test (for 30 sec.), quantity
of times;

o Test 18. 4x9 m Shuttle Run Test, sec.;

o Test 19. Hand Tapping Test, sec.;

o Test 20. Seated Forward Bend, cm;

o Test 21. Flamingo Balance Test — single leg
balance test.

Statistical analysis

In discriminant analysis, the study formed a prog-
nostic model for group membership. This model builds
a discriminant function (or if the quantity of groups is
more than two - a set of discriminant functions) in the
form of a linear combination of predictor variables, en-
suring the best division of groups. These functions are
built according to a set of observations, for which their
group membership is known. Further, these functions
can be used for new observations with known values of
predictor variables and unknown group membership.

For every variable, the study calculated the follow-
ing: mean values, standard deviations, single-factor
dispersion analysis (Box’s M test, in-group correlation
matrix, in-group covariance matrix, covariance matri-
ces for separate groups, general covariance matrix). For
every canonical discriminant function, the study calcu-
lated: eigenvalue, dispersion percentage, canonical cor-
relation, Wilks’ Lambda, Chi-square. For every step,
we calculated: prior probabilities, Fisher function coef-
ficients, unstandardized function coefficients, Wilks’
Lambda for every canonical function.

Results

The tables show the results of discriminant analysis,
which allow to identify the state of strength abilities
development in boys aged 12-14.

The first canonical function explains 78.9% of the
results variation, the second — 21.1%, which indicates
their informative value (see Table 1). The coefficients of
canonical correlation (r = 0.884; r = 0.699) indicate the
prognostic value of the first and second functions.

Table 2 shows the analysis of canonical functions.
The first line contains the value A,= 0.112 (p, = 0.001)

Table 1. Summary of Canonical Discriminant Functions.
Eigenvalues. Boys Aged 12-14

Table 2. Canonical Discriminant Functions. Wilks’ Lambda.
Boys Aged 12-14

Test of SN . .
Function(s) Wilks’ Lambda  Chi-Square df  Sig.
1 through 2 112 206.209 42 .000
2 511 63.074 20 .000

Table 3. Standardized Canonical Discriminant Function
Coefficients. Boys Aged 12-14

Functi
No Test unction
1 2
1. Pull—[.Jp / th Up Test (low crossbar), 48 676
quantity of times
Bent Arm Hang Test (two hands), sec. -.198 104
Pull-Up / Chln Up Test (Rope Climbing), 174 474
quantity of times
Cadence Push-Up Test, quantity of times ~ -.244  .174

5. 'The subject lies in prone position, arms

bent at the elbow 90 degrees - hold position ~ .408  -.171
in seconds

6. Puu Up Bar - Stra{ght Leg Hanging Leg 304 246
Raises, quantity of times

7.  Hanging Leg Raises, sec. 195 317

8. Dechr}e Re.verse Crunch on Bench, 134 -989
quantity of times

9.  Trunk Lift Test, quantity of times 497 180

10.  Squats Test (two legs), quantity of times 519 -.141

11. Smgle. Leg Squat (SLS) Test - right leg, 088 965
quantity of times

12. Smgle. Leg .Squat (SLS) Test - left leg, 344 115
quantity of times

13.  Single Leg Squat (Pistol) - right leg -169  -.670

14. Single Leg Squat (Pistol) - left leg -257  -.289

15. Handgrip Strength Test, kg -168 230

16. Standing Long Jump Test (Broad Jump), 297 234
cm

17. Eurf)ﬁt Sit Up Test (for 30 sec.), quantity 265 454
of times

18.  4x9 m Shuttle Run Test, sec. -.193 .045

19. Hand Tapping Test, sec. -427 188

20. Seated Forward Bend, cm -412 064

21  Flamingo Balance Test - single leg balance 496 -164

test

for the entire set of canonical functions, the second line
contains the data after the exclusion of the first function
(A,=0.511; p,= 0.001). The first and second functions
have a high discriminative ability and meaning in the
interpretation with regard to the general totality.

Table 3 shows the standardized canonical discrimi-
nant function coefficients, which allow to determine the
ratio of the contribution of variables to the result of the
function. Variables 10, 9, 21, 1, 19, 20, 5 make the great-

Punction Eigenvalue . of  Cumulative Canonical gt contribution to the first canonical function: the larg-
Variance % Correlation .
- T — — - er the values of these variables, the greater the value of
~ooa ’ ‘ : the function. Variables 8, 11, 1, 13, 17 contribute most
2 .956a 21.1 100.0 .699
TM®B, 2019, Tom19, N 3 141
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Table 4. Structure Matrix. Boys Aged 12-14

N Test Function
o es
1 2
2 Bent Arm Hang Test (two hands), sec. .530% .025
6 Pu!l Up Bar—' Stralght Leg Hanging Leg 466 093
Raises, quantity of times
19  Hand Tapping Test, sec. -362% 221
Trunk Lift Test, quantity of times .345% -191
5  The subject lies in prone position, arms
bent at the elbow 90 degrees - hold .325* -.138
position in seconds
10  Squats Test (two legs), quantity of times 325%  -224
3 Pull—gp / Chm Up Test (Rope Climbing), 266%  -222
quantity of times
1 Pull-l.?p / Chln Up Test (low crossbar), 2660 054
quantity of times
5  The subject lies in prone position, arms
bent at the elbow 90 degrees - hold .264* .06l
position in seconds
18 4x9 m Shuttle Run Test, sec. -212% 015
12 Smgle. Leg Squat (SLS) Test - left leg, 198*  -014
quantity of times
16 E:;alndlng Long Jump Test (Broad Jump), 191%  -072
20 Seated Forward Bend, cm -.184* .026
4 Cadence Push-Up Test, quantity of times ~ .183*  -.142
11 Smgle. Leg Squat (SLS) Test - right leg, 182 094
quantity of times
15  Handgrip Strength Test, kg A57% -.017
13 Single Leg Squat (Pistol) - right leg 149% -125
8 Declu.le Re.verse Crunch on Bench, 364 -412*
quantity of times
14 Single Leg Squat (Pistol) - left leg 201 -220%
17 Eurpﬁt Sit Up Test (for 30 sec.), quantity 081 203
of times
21 Flamingo Balance Test - single leg 153 -196*

balance test

* Largest absolute correlation between each variable and any

discriminant function.

to the second canonical function: the larger the values
of these variables, the larger the value of the function.

In identifying the state of motor abilities develop-
ment in boys aged 12-14, the most important results
were obtained in tests: 10 “Squats Test (two legs), quan-
tity of times” (0.519), 9 “Trunk Lift Test, quantity of
times” (0.497), 21 “Flamingo Balance Test - single leg
balance test” (-0.496), 1 “Pull-Up / Chin Up Test (low
crossbar), quantity of times” (0.428), 19 “Hand Tap-
ping Test, sec.” (-0.427), 20 “Seated Forward Bend, cm”
(-0.412), 5 “The subject lies in prone position, arms
bent at the elbow 90 degrees - hold position in seconds”
(0.408). These tests characterize the comprehensive de-
velopment of motor abilities in boys aged 12-14.

In identifying the state of motor abilities develop-
ment in boys aged 13-14, the most important results
were obtained in tests: 8 “Decline Reverse Crunch on
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Bench, quantity of times” (-0.989), 11 “Single Leg Squat
(SLS) Test - right leg, quantity of times” (0.965), 1 “Pull-
Up / Chin Up Test (low crossbar), quantity of times”
(0.676), 13 “Single Leg Squat (Pistol) - right leg” (0.682),
17 “Eurofit Sit Up Test (for 30 sec.), quantity of times”
(0.454). These tests characterize the development level
of relative and static leg strength, strength endurance of
abdominal muscles, and dynamic strength of shoulder
muscles.

Table 4 shows the structure coeflicients of the first
and second canonical discriminant function, which are
the coeflicients of correlation between the variables and
the function. Thus, the first canonical discriminant func-
tion is most closely connected with the results of tests
2,6,19,9,5, 10: hence, a significant difference between
the boys aged 12, 13, 14 is observed in the development
level of relative strength and strength endurance.

The structure coefficients of the second canonical
discriminant function indicate that the function is most
closely connected with variables 8, 14: hence, a signifi-
cant difference between the boys aged 13 and 14 is ob-
served in the development level of strength endurance
of abdominal muscles and endurance of leg muscles.

Table 5 shows the results of classification of groups,
88.8% of the original grouped observations were classi-
fied correctly. Therefore, a canonical discriminant func-
tion can be used to identify the state of strength abilities
development in boys aged 12-14.

Table 5. Classification Resultsa. Boys Aged 12-14

A Predicted Group
Scale 8¢ Membership Total
(years)
12 13 14
12 33 2 0 35
Count 13 4 30 2 36
. 14 0 4 32 36
Original
12 94.3 5.7 .0 100.0
% 13 11.1 83.3 5.6 100.0
14 .0 11.1 88.9  100.0

% 88.8% of original grouped cases correctly classified.

Discussion

The above-mentioned results show that discrimi-
nant analysis allows to identify the state of motor abili-
ties development in boys aged 12-14 by the results of
testing and supplement data on the use of discriminant
function in classifying schoolchildren by motor activity
(Gert-Jan de Bruijn, & Benjamin Gardner, 2011; Lul-
zim, 2013). As in the papers by Broadhead and Church
(1982), Ivashchenko, Kapkan, Khudolii, and Yermakova
(2017), Ivashchenko, Khudolii, Iermakov, Veremeenko,
and Lopatiev (2018), we observed a high discriminative
and predictive ability of these functions in evaluating
motor preparedness of boys aged 12-14.
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Table 6. Canonical Discriminant Function Coefficients
(Unstandardized Coefficients). Boys Aged 12-14

Function
No Test
1 2
1. Pull—gp / thn Up Test (low crossbar), 206 325
quantity of times
. Bent Arm Hang Test (two hands), sec. -.115 .061
3. Pull-Up / Chin Up Test (Rope Climbing),
. . -.061 -.165
quantity of times
Cadence Push-Up Test, quantity of times  -.064  .046
5. The subject lies in prone position, arms
bent at the elbow 90 degrees - hold .165 -.069
position in seconds
6. Pull Up Bar - Straight Leg Hanging Leg
. . . 271 219
Raises, quantity of times
Hanging Leg Raises, sec. 218 .355
8. Dechr.le Re.verse Crunch on Bench, 058 426
quantity of times
9. Trunk Lift Test, quantity of times .168  .061
10.  Squats Test (two legs), quantity of times 145 -.039
11. Smgle. Leg Squat (SLS) Test - right leg, 087 951
quantity of times
12. SmgleA Leg .Squat (SLS) Test - left leg, 383 128
quantity of times
13.  Single Leg Squat (Pistol) - right leg -147  -.582
14.  Single Leg Squat (Pistol) - left leg -246  -.276
15.  Handgrip Strength Test, kg -100  .137
16.  Standing Long Jump Test (Broad Jump), 1338 -1.380
cm
17. Eur.oﬁt Sit Up Test (for 30 sec.), quantity 069 118
of times
18. 4x9 m Shuttle Run Test, sec. -334 077
19.  Hand Tapping Test, sec. -449 198
20. Seated Forward Bend, cm -.305 .047
21 Flamingo Balance Test - single leg balance 301 -.100
test
(Constant) 1.283 -3.616

Table 7. Functions at Group Centroids. Boys Aged 12-14

Function
Group
1 2
12 -2.233 -.763
13 -.170 1.351
14 2.341 -.609

The study confirmed that multidimensional meth-
ods of mathematical statistics such as factor and discri-
minant analyses (Ivashchenko, 2014; Lopatiev, Ivash-
chenko, Khudolii, Pjanylo, Chernenko, & Yermakova,
2017; Ivashchenko, Khudolii, Iermakov, Chernenko,
& Honcharenko, 2018) are effective for studying the
structure of motor preparedness of boys aged 12-14.
The study added that he use of discriminant function in
the analysis of standardized and structure coefficients
allows to determine the structure of strength abilities

TM®B, 2019, Tom 19, Ne 3
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Fig. 1. Canonical discriminant functions. Graphic
representation of classification results in boys aged
12-14: = — centroids for data groups 6(12), 7(13),
8(14).

development and their interrelation with endurance in
boys aged 12-14 (Ivashchenko, 2017; Ivashchenko, Ka-
pkan, Khudolii, Yermakova, 2017; Ivashchenko, Khu-
dolii, Iermakov, & Harkusha, 2017).

The obtained data made it possible to reveal the pe-
culiarities of motor abilities development in boys aged
12-14. While to identify the state of motor abilities de-
velopment in girls aged 12-14 years, the most important
results are obtained in tests characterizing the devel-
opment level of strength of shoulder and leg muscles;
in girls aged 13-14 - the results of tests characterizing
the development level of relative and static leg strength
(Ivashchenko, Khudolii, Iermakov, Veremeenko, &
Lopatiev, 2018), to identify the state of motor abilities
development in boys aged 12-14, the most important
results are those obtained in tests that characterize the
comprehensive development of motor abilities; in boys
aged 13-14 - the results of tests that characterize the
development level of relative and static leg strength,
strength endurance of abdominal muscles, and dynam-
ic strength of shoulder muscles.

For practical application of the results of discriminant
analysis, canonical discriminant function coeflicients are
used (see Table 6). The probability of a case belonging to
the predicted group is calculated by substituting the val-
ues of variables that correspond to the case into the dis-
criminant function. By comparing the obtained results
with the value of centroids, it is possible to determine the
group the result belongs to (Table 7, Figure 1).

The above data supplement the results of study of
the peculiarities of schoolchildren’s motor prepared-
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ness (Ivashchenko, Khudolii, Iermakov, Lochbaum,
Cieslicka, Zukow, Nosko, & Yermakova, 2017; Ivash-
chenko, Shepelenko, 2014; Peric, 2016).

Conclusions

A discriminant analysis made it possible to deter-
mine informative indicators for comprehensive control
of motor abilities development in boys aged 12-14; to
answer the question as to how significantly the states of
motor abilities development in boys aged 12, 13 and 14
differ; what motor tests most substantially influence the
differentiation of classes; what class the object belongs
to based on the values of discriminant variables.

To identify the level of motor abilities development
in boys aged 12-14, it is necessary to focus on the in-
dicators of relative strength and strength endurance;
in boys aged 13 and 14 - on the indicators of strength
endurance of abdominal muscles and endurance of leg
muscles.
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PYXOBI3AIBHOCTI: PO3MI3HAHHA PIBHA
PO3BUTKY Y XJ10MNUIB 12-14 POKIB

Xygmomniit O.M.}, IBamenko O.B.%, Epmakos C.C.°, Bepemeenko B.10.%, JlonmarpeB A.O.°
124X apKiBCchKuIl HaljioHa/IbHMIL TTefaroriynuii yHiBepcutet imMeHi [.C. CkoBopoan
*ImaHcpKumit yHiBepcuTeT (Hi3VYHOTO BUXOBAHHA i CIOPTY

*JIpBiBCHKMII ep>KaBHMIT YHiBepcuTeT (pisnyuHOi Ky/nbTypu iMeHi IBana bobepcpkoro

Pedepar. Crarts: 7 c., 7 Tabm, 1 puc., 31 mKepero.

MeTa gocnigKeHHs — BU3HAYMTI MOX-
NMBICTh PO3IMi3HAHHSA CTaHY PO3BUTKY PYXOBUX 37i0-
HocTel y xyonuis 12-14 pokiB Ha OCHOBi MeTOJO/OT1
0araTOBMMIpHMX CTaTUCTHK.

Marepianu i mMeromu. Y pocnmimkenHi 6panu
y4acTb xyonti: 12 (n = 35), 13 (n = 36), 14 (n = 36) po-
KiB. Y BOCHIiIp>KeHHI BUKOPUCTOBYBAIUCh TaKi METOMIM:
aHaJIi3 HayKOBO-METOAMYHOI IiTepaTypu, 3araJibHOHA-
YKOBi METOIY T€OPETUYIHOTO PiBHA, TaKi AK aHAJIOri,
aHasi3, CMHTE3, a6CTpaKI_[iH, IHIyKLid, @ TAKOX 3arajb-
HOHAYKOB1 METOJM €MIIiPMYHOTO PiBHA: CIIOCTEPEXKEH -
Hs, TECTYBaHHs, eKcriepuMeHT. [Iporpama TecTyBaHH:A
BKJIFOYAJIa BigoMmi TecTu.

Pesynprarn. ¥ posnisHaHHi cTaHy PO3BUTKY Py-
XOBMX 371i6HOCTeI1 y X/10m1iB 12-14 poKiB HaybinbImit

TM®B, 2019, Tom 19, Ne 3

BKJIaJ] MAIOTb pe3ynbTat B TecTax: Ne 10 «IIpucigannusa
Ha JIBOX HOTax, pas» (0,519), Ne 9 «IlignimaHHA Ty1y6a
i3 IOJIO’KEHHA JIe)Kaul Ha 4YepeBi, pas» (0,497), Ne 21
«Tect Ha piBHOBary «¢maMiHro», KinbkicTb cpo6»
(-0,496), Nel «3ruHaHHA i pO3TMHAHHA PyK Y BUCI Ha
HU3bKill nepexnanuui, pasu» (0,428), Ne 19 «Tect Ha
4acTOTY PYXiB PyKH, c» (-0,427), Ne 20 «I3 monoxkeH-
HS CUISYM HaxwiI Tyny6a Brepen, cv» (-0,412), Ne 5
«YTpUMaHHA B YIOPi /J€)KauM Ha 3iTHyTUX PyKax, C»
(0,408). Haspani TecTy XxapaKTepus3yIOTb KOMIIIEKC-
HII PO3BUTOK PYXOBMX 3Ai6HOCTEN y xmonmis 12-14
POKiB.

Y posmi3HaHHI CTaHy PO3BUTKY PYXOBUX 3i0HO-
creit y xonuis 13-14 pokiB HaitbinbIINil BKIAK Ma-
I0Tb pe3ynbraTu B Tectax: Ne§ «IlimHiMaHH:A Hir Ha 1aBi
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IIiJi KyTOM, pas» (-0,989), Nel1l «IIpucimanus Ha mpa-
Bill HO3i, pas» (0,965), Nel «3ruHaHHA i pO3IMHAaHHA
PYK y Buci Ha HU3bKill nepexnanui, pasm» (0,676),
Nel3 «YTpumaHHA NO3M «IIiCTONET» Ha IIpaBill HO31, C»
(0,682), Ne17 «Ilimitom Tymy6a i3 MOMOXKEHHSA JIeXKadn
3a 30 ¢, pas» (0,454). HasBaHi TecTn xapakrepusy-
I0Tb PiBeHb PO3BUTKY BiJTHOCHOI i CTAaTMYHOI CU/IM HiT,
CMJIOBOI BUTPUBA/IOCTI M A3iB YepeBa Ta AMHAMIYHOI
Cum M’A31B IJIEYOBOTO TOACY.

BucHoBKM. [INCKpMMiHAHTHMI aHAJi3 O3BOINB
BU3HAUUTY iHPOPMATUBHI NOKA3HUKM J/IsI HACKPi3HO-
rO KOHTPOJIIO PO3BUTKY PYXOBUX 371iOHOCTEl! y X/I0N-
uiB 12-14 pokiB; faTy BiATIOBib Ha NMTAHHA HACKI/Ib-

KJ JOCTOBIpHO Pi3HUTBbCA CTaH PO3BUTKY PYXOBMX
3pibHoCTel y xomnniB 12, 13 i 14 pokis; ski pyxoBi
TEeCT) HailOi/IbII CYyTTEBO BIUIMBAIOTb HA PO3Pi3HEHHSA
KJIaciB; JIO SIKOTO KJ/IaCy HAJIeXUTh 00’ €KT Ha OCHOBIi
3HaY€Hb NVICKPUMIHAHTHUX 3MiHHUX.

[ po3misHaHHA piBHA PO3BUTKY PYXOBUX 37i0-
HocTell y xyonuiB 12-14 pokiB HeoOXifHO OpieHTY-
BaTMCsA Ha MOKa3HUKAX BIHOCHOI CUJIM Ta CUIOBOI
BUTPUBAJIOCTI; y xyonuiB 13 i 14 pokiB - cMIOBOI BU-
TPUBAIOCTI M’s131B OPIOIIHOTO IIpeca Ta BUTPUBAIOCTI
M’s13iB HiT.

Knro4oBi crmoBa: fuckpuMiHaHTHUIT aHAi3, po3-
misHaHHs 00pasiB, x1onui 12-14 pokis.

ABUTATEJIbHbIE CMOCOBHOCTU: PACITO3HABAHUE
YPOBHA PA3BUTUA Y PEBAT 12-14 JIET

Xynmoneit O.H.!, IBamenko O.B.%, Epmakos C.C.>, Bepemeenko B.10.%, JlonmarbeB A.A.°
124X appKOBCKMIT HALMOHAIBHBIN Iefarorndecknit yausepcuteT umenn I.C. CKOBOpObI
‘ImaHcknit yHMBepcuTeT (Pr3M4ecKoro BOCIUTAHNA 1 CIIOPTa

>JIbBOBCKUII TOCY/JapCTBEHHBIN YHUBEPCUTET HU3NIECKOI

Ky/IbTypbl uMeHN VIBaHa bobepckoro

Pegepar. Crarrsi: 7 ., 7 Tabn., 1 puc., 31 ncro4nux

ITenp MccnegoBaHMA — OIpefEeNUTh
BO3MO)XHOCTb PAcIIO3HaBAHMs COCTOSHVSA PasBUTUA
JBUTATETbHBIX CIIOCOOHOCTEN y pebsaT 12-14 et Ha
OCHOBE METOJO0/IOTMY MHOTOMEPHBIX CTaTUCTHK.

Marepuansl 1 MeTOfbI. B 1ccnenoBanny NpuHK-
Manu y4dactue pebsara: 12 (n = 35), 13 (n = 36), 14 (n =
36) net. B uccnenoBaHuM NCIIONb30BA/IICH CIEAYIOLE
METOJIbI: AHA/IN3 HAyYHO-METOAMYECKON JNTepaTy-
pBl, O0IIleHayYHbIe METOABI TeOPETUYECKOTO YPOBHH,
TaKye KaK aHa/jorus, aHalIn3, CUHTe3, abCTpaKius,
MHJIYKIMS, a TaKKe OOIeHayYHble MEeTOAbI SMIVPU-
4eCKOrO ypOBHS: HaOJIIOleHNe, TeCTUPOBaHNUe, KC-
nepuMmeHT. [Iporpamma TecTMpoBaHusA BK/IIOYAIA U3-
BECTHBIE TECTHI.

PesynpraTpl. B pacnosHaHMmM cocTOAHMA pas-
BUTHUSA IBUTATENbHBIX CIIOCOOHOCTEN y pebar 12-14
JIeT HauOO/bIINIT BK/IAJ, MIMEIOT Pe3y/IbTaThl B TECTAX:
Ne 10 «IIpucemanus Ha fByX Horax, pas» (0,519), Ne 9
«ITogpeM Ty/mOBMINA U3 ITOJIOXKEHMS JIeKa Ha >KUBOTE,
pas» (0,497), Ne 21 «Tect Ha paBHOBecue «(IaMuH-
ro», KOMMYECTBO TONBITOK» (-0,496), Nel «Crubanne u
pasrubaHue pyK B BUCe Ha HU3KOII ITepeKIafiiiHe, pas»
(0,428), Ne 19 «TecT Ha 4acTOTy ABVIKEHMII PYKU, C»
(- 0,427), Ne 20 «C 1ono>xeHys CUs HAK/IOH TY/TOBUINA
Briepen, cM» (-0,412), Ne 5 «YpepskaHue B yrope y1exxa
Ha COTHYTBIX pyKax, ¢» (0,408). Ha3BaHHbBIe TeCThI Xa-
PaKTepu3yIT KOMIUIEKCHOE PAa3BUTHME IBUTATEIbHBIX
criocobHocTel y pebsaT 12-14 net.

B pacnosHaHMm cOCTOSHVS PasBUTHSA JIBUTATeNIb-
HBIX CIIOCOOHOCTEN y pebAT 13-14 meT Hanbombumit
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BKJIaJl MMEIOT pe3ynbTaThl B TecTax: Ne§ «[logbem HOr
Ha CKaMbe IIOJi YIJIOM, pas» (-0,989), Nell «[Ipuce-
[aHuA Ha IpaBoit Hore, pas» (0,965), Nel «Crubanme
U pasrubaHye pyK B BUCe Ha HU3KOJ NepeKIajyHe,
pas» (0,676), Nel13 «Ymep>kaHue MO3bI «IIUCTONET» Ha
mpaBoit Hore, ¢» (0,682), Nel17 «ITombem TYJIOBMILA U3
nonoxkeHus nexa 3a 30 ¢, pas» (0,454). HasBanHble Te-
CTbl XapaKTepU3yIOT YPOBEHb Pa3BUTHUA OTHOCUTE/b-
HOI 11 CTAaTNYE€CKOI CUIbI HOT, CU/IOBOJ BBIHOCTIMBOCTH
MBIIII] )KMBOTA M JUHAMUYIECKON CUIBI MBIIII] I/Iede-
BOTO Iosca.

BoiBogpl. [[MCKpMMMHAHTHBIA aHalIu3 IO3BO-
W ONpeReNnnTb MHPOPMATUBHbIE ITOKA3aTeNIn JIsd
CKBO3HOT'O KOHTPOJI PasBUTHA [BUTATEIbHBIX CIIO-
cobOHoOCTelt y pebsT 12-14 neT, faTh OTBET Ha BOIPOC
HAaCKOJIbKO IOCTOBEPHO OT/IMYAETCA COCTOAHME Pa3BI-
THS ABUTATENIbHBIX CIIOCOOHOCTe Y pebsaT 12, 13 u 14
JIeT, KaKye IBUraTe/IbHbIe TeCThI Haubojiee CylecTBeH-
HO B/IMAIOT Ha PAslIMuMs KIAcCOB, K KAKOMY KJaccy
INPUHAIEXNUT 00BEKT Ha OCHOBE 3HAYEHUII JVICKpPU-
MMHAHTHBIX II€pEMEHHBIX.

JIns pacniosHaBaHMA YPOBHA Pa3BUTUA JBUTATEIb-
HBIX CIIOCOOHOCTe y pebAT 12-14 netT Heob6XomMMO
OPMEHTMPOBATbCA Ha INOKA3aTe/lsAX OTHOCUTEIbHOI
CWJIBI ¥ CUJIOBOVI BBIHOC/IIMBOCTY; Y pebaT 13 u 14 net
— CWJIOBOJI BBIHOCTMBOCTY MBIIIL] OPIOIIHOTO Ipecca
Y BBIHOC/IMBOCTY MBIIII] HOT.

Knrouesble cnoBa: JUCKPMMMHAHTHBIN aHAINU3,
pacrosHaBaH1e 00pa3os, pebsaTa 12-14 net.
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Abstract

The study objective is to substantiate the modes of alternation of physical exercises and rest intervals in
the process of teaching series of tasks aimed at motor skills development in boys aged 14 years.

Materials and methods. The participants in the study were 40 boys aged 14. The children and their
parents were fully informed about all the features of the study and gave their consent to participate in the
experiment. To achieve the objective set, the following research methods were used: study and analysis of
scientific and methodological literature; pedagogical observation, timing of training tasks; pedagogical
experiment, methods of mathematical statistics, methods of mathematical experiment planning.

Results. The results of the analysis of variance and regression models show that the optimal mode of
performing series of training tasks is within the range of 6-12 exercise repetitions with rest intervals of
60-120 seconds. In the proposed matrix of factorial design, the selected step of factor variation is sufficient
to study the impact of different modes of physical exercises on the effectiveness of teaching children and

adolescents.

Conclusions. A 2*type experiment made it possible to examine the multifactorial structure of the process
of teaching boys aged 14, using the program of algorithmic instructions, to specify the optimal balance
between factors for their use when teaching physical exercises during physical education classes.

The best options for teaching series of tasks to boys aged 14 during physical education classes are: series

1 — 12 repetitions, rest interval of 120 s; series 2 — 12 repetitions, rest interval of 60 s; series 3 — 6
repetitions, rest interval of 60 s; series 4 — 12 repetitions, rest interval of 60 s; series 5 — 12 repetitions,
rest interval of 120 s; series 6 — 6 repetitions, rest interval of 60 s.

Keywords: boys, motor skills, training tasks, modes of exercises, factorial experiment.

Introduction

Current studies focus on discovering
regularities of motor skills development in children and
adolescents (Wright, 1999; Khudolii & Ivashchenko,
2014; Ivashchenko, 2016) as a basis for professional
excellence of physical education teachers (Rink, Jones,
Kirby, Mitchell and Doutis, 2007).

The research papers by Chernenko (2015), Ivash-
chenko, Iermakov, Khudolii, Yermakova, Cieslicka and
Harkusha (2018), Ivashchenko (2017) ascertained that
the effectiveness of motor skills development is influ-
enced by the modes of alternation of exercise repeti-
tions and rest intervals. According to Samuel, Zavdy,
Levav, Reuveny, Katz and Dubnov-Raz (2017), Balaban

© Kapkan O.0., Khudolii O.M., Bartik P., 2019.
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(2018), physical activity can both stimulate and nega-
tively affect cognitive activity and motor skills devel-
opment in children. Regression analysis performed on
the basis of a full 2* type factorial experiment data is an
effective method for defining optimal modes of alter-
nation of physical exercises and rest intervals during
physical education classes (Ivashchenko, 2016).

In their papers, Khudolii & Ivashchenko (2014), Lo-
patiev, Ivashchenko, Khudolii, Pjanylo, Chernenko and
Yermakova (2017) substantiated the concept of peda-
gogical experiment in studying the process of build-
ing motor skills and developing learning models. The
researchers ascertained the effectiveness of factorial
designs for studying the regularities of teaching chil-
dren and adolescents. The papers by Acher, Arca and
Sanmarti (2007), Chatzipanteli, Digelidis, Karatzoglidis
and Dean (2016) point to the importance of modeling in
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Table 1. Press headstand and handstand training program

Informative frame
(what is performed)

Operational frame
(how it is performed)

Control frame
(proceed to training the next
exercise)

First series of training tasks — exercises for developing motor abilities

From stoop standing position, with the back against
stall bars, proceed to arch hang

Performed by jumping off both feet, hold
the position for 3-4 seconds

If the student performs the exercise
correctly three times in a row, proceed
to the next exercise

In prone position, bend arms and knees (5 times in
5-6 seconds)

Performed with maximum amplitude

If the student performs the exercise
for 5-6 seconds, proceed to the next
exercise

Second series o

f training tasks — starting and ending positions

From squatting position, lean forward, put the head
down on mat on the marking and evenly shift the
body weight to the head and arms

Hold the position for 3-4 seconds

If the student performs the exercise
correctly three times in a row, proceed
to the next exercise

Third series of training tasks —

actions without which the exercise performance is impossible

From squatting position, return to starting position
to perform a headstand and handstand. Straighten
the legs, transition to a headstand and handstand
with bent legs

Transition to headstand and handstand
should be done by straightening the legs

If the student performs the exercise
correctly three times in a row, proceed
to the next exercise

Fourth series of training tasks — teaching to control movement time and muscular effort

In kneeling position, bending and straightening of
the arms (5 times)

Bend the arms simultaneously with
straightening the legs. Perform in 5 seconds

If the student performs the exercise
for 5-6 seconds, proceed to the next
exercise

Bending and straightening of the arms in stoop
standing position (5 times)

Plant the hands on the floor a step’s length
away from the toes. Perform in 5 seconds

If the student performs the exercise
for 5-6 seconds, proceed to the next
exercise

From normal standing position, lean forward, touch
the floor with the palms and, walking slowly on the
hands, adopt a prone position and return to starting
position in the same way

Do not bend knees when performing the
exercise. Perform in 6 seconds

If the student performs the exercise
for 5-6 seconds, proceed to the next
exercise

Fifth series of training tasks —

separate parts of the target exercise and preliminary exercises

From squatting position, return to starting position
to perform a headstand and handstand. Straighten
the legs, transition to a headstand and handstand
with bent legs

Straighten the back and hold balance with
bent legs for 3-4 seconds

If the student performs the exercise
correctly three times in a row, proceed
to the next exercise

Perform a headstand and handstand, back and legs
against the wall, with assistance

Focus on the exercise technique

If the student performs the exercise
correctly three times in a row, proceed
to the next exercise

Sixth series of training tasks — performing the whole exercise

Perform a headstand and handstand, back and legs
against the wall, without assistance

Hold the headstand and handstand for 3-4
seconds

If the student performs the exercise
correctly three times in a row, proceed
to the next exercise

Headstand and handstand without assistance

Hold the headstand and handstand for 3-4
seconds

Correct performance of the series at
the third attempt

children’s cognitive activity. According to Garcia-Moya,
Moreno and Jiménez-Iglesias (2012), Wang, Karns, and
Meredith (2003), the use of factorial designs in studies
involving adolescents and children helps to obtain ob-
jective information about the dynamics of physical de-
velopment. The validity of using a full 2* type factorial
experiment is confirmed by the data of Correa, Grima,
and Tort-Martorell (2009, 2012), Kapkan, Khudolii and
Bartik (2018, 2019).

An important element in building motor skills is
pedagogical control of motor abilities development and
the dynamics of proficiency level in physical exercises

TM®B, 2019, Tom 19, Ne 3

(Khudolii, & Iermakov, 2011; Ivashchenko, 2016). Dis-
criminant analysis is an effective method for assessing
schoolchildren’s state. It allows to classify schoolchil-
dren by the level of motor skills development (Cantell,
Smyth, & Ahonen, 2003; Donovan, Mercier, & Phillips,
2015), as well as to determine the informative value of a
test battery for assessing the impact of physical training
on the basic motor competences (Herrmann, Gerlach,
& Seelig, 2016; Ivashchenko, 2016; Kapkan, Khudolii,
& Bartik, 2018).

Thus, physical exercises modes in the process of ac-
quisition of series of training tasks within programmed
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learning remain underexplored. The problem of control
over schoolchildren’s learning process needs further
research.

The study objective is to substantiate the modes of
alternation of physical exercises and rest intervals in the
process of teaching series of tasks aimed at motor skills
development in boys aged 14 years.

Materials and methods

Study participants

The participants in the study were 40 boys aged
14. The children and their parents were fully informed
about all the features of the study and gave their consent
to participate in the experiment.

Study organization

To achieve the objective set, the following research
methods were used: study and analysis of scientific and
methodological literature; pedagogical observation,
timing of training tasks; pedagogical experiment, meth-
ods of mathematical statistics, methods of mathemati-
cal experiment planning.

During the learning process, the study used a meth-
od of algorithmic instructions. The press headstand and
handstand training program included training tasks
given in Table 1. The student could proceed to the next
exercise only after a correct performance of the previ-
ous exercise on three consecutive attempts. The number
of repetitions needed to teach exercises in each series
of training tasks was recorded. The level of proficiency
in the physical exercises performance was determined
by the alternative method: “performed” or “failed”. A
technically correct performance of the exercise gave the
students “1” point; a failure to perform the exercise gave
them “0” entered in the protocol.

To achieve the objective set, the study examined
the effect of different variants of exercises, specifi-
cally: the number of repetitions (x,) and rest inter-
vals (x,) on mastering a press headstand technique. The
boys aged 14 were divided into four groups according
to the experiment plan. The differences between the
groups in the lesson plan resulted from the factorial
experiment conditions presented in Table 2. The bot-
tom and top levels of the factors were chosen based on
the data provided by Khudolii and Ivashchenko (2014),
Ivashchenko (2016), Chernenko (2015), and were lim-
ited to the lesson framework.

Statistical analysis

The paper used the methods of analyzing the results
of mathematical experiment planning of a full 2* type
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Table 2. 2* type factorial design

Variants of
exercises

Modes of training

Repetition number Rest interval

1 6- 60-
2 12+ 60-
3 6- 120+
4 12+ 120+

factorial experiment (Khudolii & Ivashchenko, 2014;
Ivashchenko, 2016). The study materials were processed
by the IBM SPSS 20 statistical analysis software.

The study protocol was approved by the Ethical
Committee of the University. In addition, the chil-
dren and their parents or legal guardians were fully in-
formed about all the features of the study, and a signed
informed-consent document was obtained from all the
parents.

Study results

Table 3 shows the results of analysis of a full 22 type

factorial experiment.

The analysis of regression equations allowed us to

conclude that:

o in the first series of training tasks, the most
influential factor is the duration of rest interval
(x,), the second most influential factor is the
relationship between the number of repetitions
and rest intervals (x,x,), the third - the number
of repetitions (x1). To improve the effectiveness
oftraining, itis necessary to increase the number
of repetitions from 6 to 12 times and increase
rest intervals (x,) from 60 to 120 seconds.

 in the second series of training tasks, the most
influential factor is the number of repetitions
(x,), the duration of rest interval (x,) and the
relationship between the number of repetitions
and rest interval (x x,) are far less influential.
To improve the effectiveness of training, it is
necessary to increase the number of repetitions
from 6 to 12 times and reduce the rest interval
from 120 to 60 seconds.

 in the third series of training tasks, the most
influential factor is the duration of rest interval
(x,), the second most influential factor is the
relationship between the number of repetitions
and rest interval (x,x,), the third - the number
of repetitions (x, ). To improve the effectiveness
of training, it is necessary to reduce the number
of repetitions from 12 to 6 times and reduce the
rest interval from 120 to 60 seconds.

 in the fourth series of training tasks, the most
influential factor is the duration of rest interval
(x,), the second most influential factor is the
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Table 3. Results of analysis of a full 2? type factorial experiment. Boys aged 14

Series of train- Regression equations Percentage contribution to achievement
ing tasks of target indicator
x, X, XX,
1 Y =6.925 + 1.475x, + 1.875x, + 1.725x x, 25 40 34
2 Y =9.075 + 2.225x, 93 3 2
3 Y =13.9 - 1.15x, - 1.05x,x, 12 47 39
4 Y =13.6 + 0.85x, + 2.2x, - 1.15x x, 10 70 19
5 Y =9.35 + 1.55x, + 1.4x x, 2 53 44
6 Y =8.425 - 1.075x, - 2.775x x, 13 0 86

TM®B, 2019, Tom 19, Ne 3

relationship between the number of repetitions
and rest interval (x,x,), the third — the number
of repetitions (x,). To improve the effectiveness
of training, it is necessary to increase the
number of repetitions from 6 to 12 times and
reduce the rest interval from 120 to 60 seconds.
in the fifth series of training tasks, the most
influential factor is the duration of rest interval
(x,), the relationship between the number of
repetitions and rest interval (x x,) and the
number of repetitions (x, ) are less influential.
To improve the effectiveness of training, it is
necessary to increase the number of repetitions
from 6 to 12 times and the rest interval (x,)
from 60 to 120 seconds.

in the sixth series of training tasks, the most
influential factor is the relationship between the
number of repetitions and rest interval (x x,),
the second most influential factor is the number
of repetitions (x ). To improve the effectiveness
of training, it is necessary to reduce the number
of repetitions from 12 to 6 times and reduce the
rest interval from 120 to 60 seconds.

The analysis of variance shows:

in the first series of training tasks, the learning
process is most influenced by the second
factor (x,), the percentage contribution is 40 %,
as well as by the relationship between both
factors (x x,), the percentage contribution is
34 %, and the first factor (xl), the percentage
contribution is 25 %;

in the second series of training tasks, the
learning process is most influenced by the
first factor (x,), the percentage contribution
is 93 %, the second factor (xz), the percentage
contribution is 3 %, and the relationship
between both factors (x,x,), the percentage
contribution is 2 %;

in the third series of training tasks, the learning
process is most influenced by the second
factor (x,), the percentage contribution is 47 %,
as well as by the relationship between both

factors (x x,), the percentage contribution is
39 %, and the first factor (x,), the percentage
contribution is 12 %;

o in the fourth series of training tasks, the
learning process is most influenced by the
second factor (x,), the percentage contribution
is 70 %, as well as by the relationship between
both factors (x x,), the percentage contribution
is 19 %, and the first factor (xl), the percentage
contribution is 10 %;

o in the fifth series of training tasks, the learning
process is most influenced by the second
factor (x,), the percentage contribution is
53 %, as well as by the relationship between
both factors (x,x,), the percentage contribution
is 44 %, the first factor (xl), the percentage
contribution is 20 %;

o in the sixth series of training tasks, the learning
process is most influenced by the relationship
between both factors (x x,), the percentage
contribution is 86 %, the first factor (xl), the
percentage contribution is 13 %.

Consequently, the best options for teaching series of

tasks to boys aged 14 are:

series 1 — 12 repetitions, rest interval of 120 s;

series 2 — 12 repetitions, rest interval of 60 s;

series 3 — 6 repetitions, rest interval of 60 s;

series 4 — 12 repetitions, rest interval of 60 s;

series 5 — 12 repetitions, rest interval of 120 s;

series 6 — 6 repetitions, rest interval of 60 s.

Discussion

The study assumed that the effectiveness of acquisi-
tion of series of training tasks depends on the mode of
alternation of exercises and rest intervals. The results
of the analysis of variance and regression models show
that the optimal mode of performing series of training
tasks is within the range of 6-12 exercise repetitions
with rest intervals of 60-120 seconds. In the proposed
matrix of factorial design, the selected step of factor
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variation is sufficient to study the impact of different
modes of physical exercises on the effectiveness of
teaching children and adolescents (Table 2).

The findings enhance and supplement the data ob-
tained by Khudolii, and Ivashchenko (2014), Ivashchen-
ko (2016) on the effectiveness of using factorial designs
when studying children’s and adolescents’ learning pro-
cess and motor abilities development; Kapkan’s (2015)
data on the possibility of improving the effectiveness
of the learning process based on the analysis of regres-
sion models and calculation of modes of alternation of
physical exercises and rest intervals in the process of
motor skills development in schoolchildren aged 14-15
during physical education classes. The findings confirm
Ivashchenko’s (2016) data showing that a full factorial
experiment method makes it possible to mathematical-
ly describe the process in some local area of the factorial
space around the point with the coordinates of the n-
dimensional space and to verify the regression model;
allows to evaluate the effectiveness and reliability of
a 2?type factorial design in determining the effects of
different modes of training on the change in children’s
functional state and ability to learn movements.

According to Garcia-Moya, Moreno, and Jiménez-
Iglesias (2012), Wang, Karns, and Meredith (2003), the
use of factorial designs in studies involving adolescents
and children increases the objectivity of evaluation of
their development indicators. The effectiveness of us-
ing a full 2* type factorial experiment, the objectivity of
data obtained through factorial designs are confirmed
by the data of Correa et al. (2009, 2012), Ivashchenko,
Khudolii, Iermakov, Chernenko, and Honcharenko
(2018).

The data obtained supplement the studies by
Chernenko (2015), Ivashchenko, Abdulkhalikova, and
Cieslicka (2017), Ivashchenko, Khudolii, Iermakov, and
Harkusha (2017) that found that the control over the
learning process is more effective if the modes of teach-
ing are defined based on regression models.

Conclusions

A 2’type experiment made it possible to study the
multifactorial structure of the process of teaching boys
aged 14, using the program of algorithmic instructions,
to specify the optimal balance between factors for their
use when teaching physical exercises during physical
education classes.

The best options for teaching series of tasks to boys
aged 14 during physical education classes are:

series 1 — 12 repetitions, rest interval of 120 s;

series 2 — 12 repetitions, rest interval of 60 s;

series 3 — 6 repetitions, rest interval of 60 s;

series 4 — 12 repetitions, rest interval of 60 s;

series 5 — 12 repetitions, rest interval of 120 s;
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series 6 — 6 repetitions, rest interval of 60 s.

The prospect for further exploration is to study
the regularities of teaching physical exercises to boys
aged 15.
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O®OPMYBAHHA PYXOBUX HABUYOK: ONTUMI3ALIA
PEXMMY HABYAHHA XN1OMuiB 14 POKIB

Kamnkan 0.0.', Xygoniit O.M.?, Baprixk I1.}
!Ilon6acbka HallioHa/IbHA aKa/ieMist OyZiBHUIITBA i apXiTeKTypu
*XapKiBCbKMI1 Hal[iOHaIbHMII Tefarorivamii yHiBepcuteT iMeni I.C. CkoBopoan

*YuiBepcuter Mates bens

Pedepar. Crarts: 7 c., 3 Tab1., 26 IKepero.

Mera mOCTigKeHHsA — OOrpYHTYBaTU
PEeXVMMU 4epryBaHHA BUKOHAHHA (i3sMYHNX BIpPaB Ta
iHTepBaiB BiIMIOYMHKY Y IIPOLIECi HABYAaHHA Cepiil 3a-
BJIaHb CIIPSIMOBAHNX Ha (OPMYBaHHS PyXOBUX HaBU-
YOK y XJI0MLiB 14 poKiB.

Marepiamm i MeTopu. Y4JacHUKaMU JOCTIKEHHA
Oy 40 xmomuuKiB y Bini 14 pokis. [liTu Ta ixHi 6aTbK1
Oy MOBHICTIO OiH(OPMOBaHI PO BCi 0COOMMBOCTI
TOCTiIPKEHH Ta IOTOV/INCA B3ATH YIacTb B €KCIIEPH-
MeHTi. J[/1s1 JOCATHeHHsI TIOCTaB/IeHOI MeTH YN BUKO-
PYUICTaHI TaKi METOAU JOCTIJP)KEHHA: BUBYEHHA Ta aHa-
JIi3 HAYKOBOI Ta METOJAMYHOI NiTepaTypy; NeJaroriuue
CIIOCTEPEXEHH:, XPOHOMETPA)K BUKOHAaHHSA HaBYaJjlb-
HUX 3aBJaHb; IEJaTOriYHMUIl €KCIIEpUMEHT, METONM
MaTeMaTU4YHOI CTaTUCTUKM, METOAM MAaTeMaTUIHOTO
ITAHYBAHHA €KCIIEPYMEHTY.

Pesynbratu. PesynpraTu mucnepciitHoro anamisy
Ta perpeciiHuX MOZe/IeN CBil4aTh, 10 B iiaa3oHi 6-12
IIOBTOPEHD BIIPaBM 3 iHTepBa/IaMI BilIO4NHKY 60-120
C 3HAXOJUTBHCA ONTHMMAIbHMUII PEeXXUM BUKOHAHHA ce-
piit HaBYa/IbHYUX 3aBJaHb. Y 3allpOIIOHOBAHIN MaTpULi
IJI1aHy (PaKTOPHOTO eKCIIEPUMEHTY BIOpaHMIT KPOK Ba-

pitoBaHHA (PaKTOpPiB € JOCTATHIM /11 BUBUYEHHS BIUIN-
BY Pi3HMX peXMMiB BMKOHaHHS (Qi3sMYHMX BIIpaB Ha
eeKTMBHICTb HABYAHHA JIiTel i MifTiTKiB.

BucHoBku. ExciepumenT Tnmy 2’ HajgaB 3Mory
mocigut 6aratodakTOPHY CTPYKTYPY IPOIeCy Ha-
BYAaHHA XJIONLIB 14 pOKiB 3a MpOTrpaMoI0 ajropur-
MiYHMX PO3NOPAJKEHDb, YTOYHUTU ONTMMAJIbHI CIIiB-
BifiHOIIEHH: QaKTOPIB /s iX BUKOPUCTAHHA Y HEPiof
HaBYaHHA (i3VYHUX BIPaB IIijJ Yac ypokiB ¢isnynHol
KY/IBTYPH.

OnruManbHMMU BapiaHTaMIM YMOB HaBYaHH:A ce-
pisiM 3aBpaHb x/mon1iBl4 pokiB Ha ypokax ¢isnyHOi
KynbTypu €: 1 cepia — 12 moBTOpeHb, iHTepBan Bij-
no4ynHKy 120 c¢; 2 cepis — 12 noBTOpeHD, iHTepBan
Bifnmo4muky 60 c¢; 3 cepis — 6 IOBTOpEHb, iHTEPBAN
BignmounHKy 60 c; 4 cepia — 12 mOBTOpeHb, iHTEpBaN
BignmounHKy 60 c; 5 cepia — 12 mOBTOpeHb, iHTEpBa
Bignmoynuky 120 ¢; 6 cepia — 6 MOBTOPEHD, iHTEPBaA
Bifmo4nHKy 60 c.

KnrouoBi croBa: xiomniii, PyXOBi HaBMYKM, Ha-
BYaJIbHI 3aBJAaHHA, PeKUMY BUKOHAHHA BIIpaB, ¢ak-
TOPHMUI €KCIIEPVIMEHT.

OOPMUPOBAHUE ABUTATEJIbHbIX HABbIKOB:
ONTUMU3ALUNA PEXKUMA OBYHEHUA PEBAT 14 JIET

Kankan E.A.', Xynomneit O.H.?, baprux I1.?
'Nonbacckast rocyiapCcTBEeHHAs MAIIHOCTPOUTEIbHAS aKaIeMMUs
*XapbKOBCKMII HAI[MOHA/IbHBIN Nefarorndeckuit yuusepcuteT umenn I. C. CkoBopopbr

*Yuusepcuret Mares bemns

Pedepar. Cratps: 7 ., 3 TabI1., 26 MICTOYHUK.

Ien» mccnemoBaHmsa — 0OOCHOBATH
PEeXMMBI 4YepefjoBaHUA BbIIOTHEHNUA (PU3UIECKUX
YIpa)KHEHUIT U MHTepPBaJIOB OTAbIXa B Ipoljecce 00-
ydYeHMs cepuii 3a[JaHNI1 HalpaB/IeHHbIX Ha GOPMUPO-
BaHNe JIBUTATe/bHBIX HABBIKOB Y peOAT 14 yer.
Matepuanbl 1 METOAbI. YYaCTHUKAMM MCCIIENO-
BaHusA Obimi 40 MampYMKOB B Bo3pacTe 14 jert. [letu
Yl MX POAMTENIN OBUIM IIOTHOCTHIO MH(POPMUPOBAHBI
060 Bcex 0COOEHHOCTAX VICCTIeOBAaHNA M COITTACUINCD
OPUHATH y4acTHe B SKCIIEpUMeHTe. [IJIS mOoCTIDKeHus
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IIOCTABJICHHO! 11e/IV OBV VICIIONIb30BAHBI C/IeAYIOLIVe
METO/IbI VICCIIEIOBAHNA: 3yYEHIIE M aHAIN3 HAYYHO 1
METOAYEeCKOI TUTepaTyphl; Iefjarorndeckoe Habmmo-
[ieHue, XpPOHOMETPUPOBaHYe BBIIOTHEHNS Y4eOHBIX
3aJaHNI1; IeJarorM4ecKnil SKCIepUMEHT, METOMbL Ma-
TEeMaTU4YeCKOW CTATUCTUKY, METObI MaTeMaTUUYECKOTO
IJITAHVMPOBAHMSA 9KCIIEPUMEHTA.

PesynbraThl. Pe3ynbTaTel A1CIIepCOHHOTO aHATIN -
3a I pErPeCCUOHHBIX MOJIETIEN CBULETENIbCTBYIOT, YTO B
AuanasoHe 6-12 NoBTOpeHNI yIIpaKHEHMA C MUHTEPBa-
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namMy orgpixa 60-120 ¢ HaXogUTCA ONTUMA/IbHBIN pe-
KVMM BBITIOJIHEHMA Cepyii yueOHbIX 3ajaHmit. B mpep-
JlaraeMoil MaTpulie IIaHa PaKTOPHOTO SKCIePYMEHTa
BBIOpAHBIN 1IaT BapbUpoBaHus (akTOPOB SBISETCA
TOCTAaTOYHBIM [I/IA M3Y49EHN BIVAHNUA PasIMIHbIX pe-
)KVIMOB BBIIIOTTHEHNA (PM3NYECKUX YNPaKHEHUI Ha
3¢ PeKTUBHOCTD 00y4IeHMs JieTell M ITOAPOCTKOB.

BuIBOABI. DKCIIEpMMEHT THIIA 2° IPeJOCTaBIUI BO3-
MO>XKHOCTb MICCTIE{OBATh MHOTO(AKTOPHYIO CTPYKTYPY
nporecca 06ydeHus pebAr 14 y1eT 1o mporpamme anro-
PUTMMUYECKMX IIPEANMCAHNII, YTOYHUTD ONTUMAJIbHbIE
COOTHOIIeHN (PaKTOPOB [JIA VX VICIIO/Ib30BAHM B IIe-
puop o0ydeHrst GU3NYECKNX YIPaKHEeHMII Ha YPOKax
(bU3MIECKOI KY/IbTYPHL.

OnTyManbHBIMU BapMaHTaMI YCIOBUIL 0Oy4YeHUs
cepusM 3afaHuil pe6saTl4 neT Ha ypokax puandeckoit
KY/IbTYpPBI ABAANTCA: 1 cepusa — 12 moBTOpeHMI, MH-
TepBan otabixa 120 ¢; 2 cepusa — 12 moBTOpeHMIA, MH-
TepBasn oTabixa 60 ¢; 3 cepua — 6 MOBTOPEHUI, MHTEP-
BaJ oTAbixa 60 ¢; 4 cepusa — 12 IOBTOpEHMIL, MHTEPBAT
orzbixa 60 ¢; 5 cepusa — 12 MOBTOpeHUN, MHTEPBA
orabixa 120 c; 6 cepuss — 6 MOBTOPEHMI, NHTEPBA
otabixa 60 c.

KnroueBble cnoBa: pe6sATa, ABUTATe/IbHbIE HABbI-
KU, y4eOHbIe 3a/JaHNsA, PEKUMbI BBIIIOTHEHNA YIIPaX-
HeHUIT, PaKTOPHBIN 9KCIIEPUMEHT.
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KepiBHMUTBO Ana aBTOpiB

Pepaxiiia npuitmae 10 IpyKy OpuriHaabHi eKcIle-
PUMeHTa/IbHI J1 OITIAROBI CTATTi 3 po6yeM (isMIHOTO BUXOBAHHS
i CHOPTMBHOIO TPEHYBaHHA 3a HAIPAMKAMM:

e Teopid Ta METOAVKA HaBYaHH: PyXaM;

o isnuHe BUXOBAHHA [iiTelt Ta MiTITKiB;

e CIIOPTMBHE TPEHYBAHHA JIiTeil Ta MOJIOMI;

o ¢isnyHa Kyn1pTypa B MIKOI;

o (isuyna kynprypa B mpodimakTui i IiKyBaHHi 3aXBOpIO-
BaHb y JIiTeli Ta IiJIiTKiB;

o Teopis i MeTopuKa npogeciitHol maroToBkn yunrens ¢i-
3MYHOI Ky/IbTypH.

O6csar opurinanpHoi cTarTi — 10 3000 cr1iB (OKpiM Ha3BY, pe-
dbepartis, TaOMNIb/PUCYHKIB, JIETeH], PUCYHKIB, ITOAAKY, KOHQIIKTY
iHTepeciB Ta [IOCUJIaHb), OIIAKOBUX — 40 6000 cI1iB, KOPOTKMX II0-
Bigomenb — 10 1000 ciB. MoBa cTaTTi — yKpaiHCbKa, pociiicbKa,
aHIJIiIChKA.

OpurinanbHi CTaTTi IMITYTHCA 32 CXEMOIO:

. Ha3Ba CTaTTi;

o asrop (iM’s1, npisBulLe);

o yHiBepcuret (IHCTUTYT, akazeMis);

e BCTYN (IIOCTAaHOBKA IpO6/IeMHM, aHAJIi3 OCTAHHIX JOCI-
IKeHb 1 my6mikaniii, rinoTesa JocCmipkeHHsA, MeTa 10-
CITiPKEHHS );

o Marepiaym i MeTony (YYaCHUKY HOCTiJKEHHs, OpraHisa-
i TOCTi/PKEHH, Ipolleflypa TeCTyBaHHA, CTaTUCTIY-
HUIT aHaJIi3; eTUYHe CXBaJeHHs /10 MyOmikalii ekcrepu-
MeHTa/IbHMX TaHUX);

e Pe3yIbTaTU JOC//IKEHHS;

e OOrOBOpPEeHHS Pe3y/IbTaTiB JOCIiHKEHHS;

e BIUCHOBKIN;

e BISYHOCTI;

o KOHQIIKT iHTepeciB;

e CHNCOK JIiTepaTypu;

o pedepar crarTi (yKpalHCHKOW, POCIICHKOI Ta aHIJIIl-
CbKOIO MOBOIO) 3a CXeMOIO: HasBa poOOTH, Hpi3Bullle Ta
iM’a aBTOpa (iB), Ha3Ba yCTAaHOBU, MeTa MOCTIIKEHH,
MaTepiany i MeTozM, TO/IOBHI pe3yabTaTy JOCTiPKEeHH,
BVICHOBKM, K/I1040Bi ctoBa. O6csar — 200-300 crriB.

Bumorm go pospginie pykonucy
Bctyn

IToctaHoBka mpo6neMu. BKa3yeTbcss OCHOBHe MPOTUPIdds,
AKe Oyzie JOCTiIKeHO B poOOTi.

AHari3 ocTaHHIX HOCTPKeHb i my6mikariit.

AHanisyooTbcs po60TH BITYM3HAHMX JOCTIIHUKIB 3 0O6paHOl
TeMI:

e IIPOOIEMOIO 3aIIMaNCA ...

ey pe3ynbTaTi JOCi/[KeHHs BCTAHOB/IEHO ...

AHani3yoTbest pobOTH 1HO3eMHUX FOCTIIHUKIB 3a 06paHuM
HaTPAMKOM JOCTiIKeHH:

o Ipo0IEMOIO 3aIMaIHCH ...

e Y Pe3ynbTaTi JOCi/KEHHs BCTAHOB/IEHO ...

BkasyeTbcs Ha JOPOOOK aBTOPIB 3a TeMOIO OCTi/KEHHSA:

e yIOmepefHix po6oTax 6yI0 BCTAHOB/IEHO ...

e HEJOCTi/PKeHMM 3a/IMIIAETHC ..

SIK1IO BKAa3yeThCs TeMa ZOCIIMKeHHs, TO Y BUKOHAHUX JO-
CIiJIPKEHHAX 32 TEMOIO ... BUSHAYEHI: ...; BCTAHOBJIEHO: ...

Po6uUTHCA BUCHOBOK PO aKTya/lIbHICTh TEMM LOCTI/KEHHS.

e aHasi3 ]aHUX BiTYM3HAHMX i 3aKOPJOHHMX BYEHMX IO-

Ka3aB, IO ... MATIOJOCTIIPKEHOIO € ...

o a60 morpebye YTOYHEHHS ...

e ab60 morpebye JOTATKOBUX ZOCTIIKEHD ...

DopMym0I0TECA TiMOTE3a i MeTa JOCiKeHH .

Marepianu i meTogn

YuacHuku OocnioxeHHs.

JOCTIKYBaHUX.

BKaSYGTbCH KOHTUHTEHT
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Opeanisayis 0ocnionerHs. BKadyloTbcsa METOM i 3 KO Me-
TOI0 BOHM Oy/IM BUKOPUCTaHI; TPOLEAYPY HOCII/PKEHH 1 aIrOpUT™M
TIPOBeeHH MeJarOTiTHOTO eKCIIePIMEHTY.

IIpouedypa mecmysarns. ONUCYIOTbCA TECTH i METOLUKA
TeCTyBaHHA.

Cmamucmuunuti ananis. BKasyloTbCAa METOIV MaTCTATVICTVKIA
i 3 IKOI0 MeTOX0 BOHMU Oy/IU BUKOPUCTAHI.

Emuune cxeanenus 00 nyonikauii excnepumenmanvHux 0aHUX.
JocmiykeHHA TIOBMHHO MaTy eTUYHe CXBa/IeHHA BilTIOBiTHOI ycTa-
HOBM 3 HifiIMICaMI KOMITeTy 3 IUTaHb eTUKN. I/ eKCrlepuMeHTiB,
IIPOBENIeHNX Y ranysi $isiIHOTO BUXOBAHHA Ta CIIOPTY, aBTOP (11)
IIOBMHEH MaTU CXBAJIeHH: YCTaHOBM JUIA IMyO/IiKalii eKkcIepyMeH-
Ta/lIbHUX JJaHKX.

Pesynbratu pocnipKeHHA

PesynmbraTi HOCIPKEHHS MOBUMHHI OyTH IIpefcTaByeHi y Ta-
6/MLIAX 1 OIMCaHi B JIOTiYHil IOCIiJOBHOCTI B TeKCTi. B TekcTi mo-
CUIaHHA Ha Tabnuii 060B A3KOBI.

He crif moBTOpIoBary B TeKCTi BCi AaHi 3 Tab/mmib a60 rpadikis.
HeoO0xiiHO aKIleHTYBaTH yBary Ha CTaTUCTUYHO JOCTOBIPHIUX 3MiHaX
pesy/nbTaTiB TECTYBAHHA Ta II0Ka3aTy XapaKTEpHi TEHJeHLil JuHa-
mikn. Crify 06MeXnTH KiTbKicTh Tabnuip i MamoHKiB (rpadikis) 0
TPbOX.

Avnckycia

e OIJISAJ OCHOBHOI TiIIOTE3M;

o 00rOBOpEHHs BMCHOBKIB: IIOPiBHAHHS 3 JaHUMU IyOIi-
Kallifi, JOTMYHVMMMA JIO TEMM CTATTi HaBEIEHUMMU y BCTYIIi
pyKomucy;

e OOIPYHTYBaHHA i KOMEHTapi O[O0 BaXK/IMBOCTI BUKIafie-
HUX Pe3y/bTaTiB TOC/iIPKEHH;

e MipKyBaHHA LIOfI0 MOXKIMBOCTI IPAaKTUYHOTO 3aCTOCY-
BaHHS pe3y/bTaTiB;

e BJCHOBOK IIPO NMEPCHEKTUBY ITOJANbUIMX AOCIi/IKEHb,
AKUI IPYHTYETbCS HA MaTepiajax AUCKYCil.

BucHoBKuN

BiicHOBKYM MOBUHHI Bifo6pakaTu pesynbraT i 6yTH o’ a3aHi
3 MeToI0 flociifyKeHHs. CHIifl yHUKATU BUCHOBKIB, fAKi He MmifiTBep-
TPKYIOTbCS OTPYMAHMMU JTAHUMMA.

BpoauHocTi

Bxasyerbcsa TeMa JOCTIPKEHHA 3a AKOI BUKOHaHa poboTa,
HOMep JIep>KaBHOI peecTpaliii.
KoHdniKT iHTepecis

Hanpuknao:

ABTOpU 3aAB/IAIOTD IIPO BifICYTHICTb KOHQIIKTY iHTEpeciB.
Jlitepatypa

Crmcok mocunanb opopmisierbes 3a cranpaprom APA Kinp-
KicTp mocunanb — 30-70 mxepen (He MeHue 30% mocumIaHb Ha
ny6nikanii B )xypaanrax HMB SCOPUS i WoS). ITogaerbes 3a aj-
daBiToM a60 y OPAAKY IUTYBAHHS, He HYMEPYEThCA.
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