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HEJIUHEAPHOCT Y IUJAKTHUILU CITIOPTA

Caxerak

Y 0BOj cTynuju ce pacnpaniba 0 e)eKTHMA OCHOBHE TEOPHje Xaoca y MeJarorujy, MoceOHO y INAaKTHIH criopTa. Beoma
j€ 3Ha4ajHO MPENO3HATH HEJIMHEAPHOCT METOANYKHX ITPOIIEAypa Koja MPOy3pOKYje KpeaTHBHA PEIIeha Y capikajuMa 1
METOZICKOM pajly y 00pa3oBamy KaapoBa y o0nacTn (hU3MUKOT BaCIIUTAmka U CIIOPTA.
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YBOJI

ExcniepyiMeHTH Ha MIHMpeM MOAPY4Yjy MpH-
POIHKX CHJIa, Ka0 M Ha Y)KeM TOIpyd4jy JejoBama
JbYIICKe MOTOpPHUKE, HE J1ajy OUCKHBaHE pe3yJTare u
CTasHoO je Moryhe yKa3uBaTH Ha HU3 CyMIbUBHX MPH-
Meaaba, IPUroBopa, TOAaTHUX MHTamka IITO H3a31Ba
CYMIbY Ha PEeryJiapHOCT pe3y/Tara. 3aTo HCTpaKuBa-
4i O30 3aKJbYUYjy J1a )KUBUMO Y HETIOTITYHOM CBETY.
[Ipema TOMe, 1a OM MIMAK HEKAKO CPEIUIN TOCTHUT-
HYTE pe3ynTare eKcliepuMeHara, moTpedHo je aa ce
3aHeMapH HU3 HEOUTHUX HENpaBHJIHOCTH. To ce of-
HOCH HapOYUTO Ha eKCIIepUMEeHTe y neaaroruju. Ha-
JKAJIOCT, HUCMO CBH Kao ["anmuiiej, Koju je TeHujasHo
OJIBOJHO JICJIOBAaW-C TpaBUTAIlM]je HA HEKO masajyhe
TEJIO OJ] Ba3AYIIHOT OTIIOPa, T1a je MOTrao J1a ce HAKOH
TOTa MOCBETH YMH-CHHUIIAMA CBOT HCTPaXUBama....Y
HalieM rnmocrojehem CBETy ce HIIp. CBa kuxajyha tena
Kkpehy Tako, Jia ce Ha Kpajy 3aycraBe, jep Cy JMHa-
MHYKH CHCTEMH T10]] CTAJTHUM YTHIajeM HEKOT Hepe-
Jla OfIHOCHO XaoTu4yHocTH. To ce omHOCH U Ha, yrpa-
BO HajpUTMU4HHje goraljame y OMONOTHjU — CpuaHy
(pekBeHIHjy, KOja MOA YTHLAjeM XaOTHYHUX CHIIA
JIOBOJIM | JIO CMPTH.

Beh Bpio jeaHocraBHO WHXame, y 00NU-
Ky Jieudje JbyJsbalike, kpehe ce HeypeaHo ycies He-

JIMHEApHOCTH YTHUIlaja CHEpPTHje, Koja yTHIe Y U U3-
BaH era. 3amUX JbyJhAIlKE j€ HauMe TPUTYIITHNBAH U
mon iputuckoM (Gleick, 1991). [IpurymmuBaH je 3ato
IITO Ta TPEHE JKENN 3ayCTABUTH, a TIOJl IIPUTUCKOM,
3aTO MITO JIET€ HACTaBJba HEMPEKUIHO Jia Ce JbyJba
OTIPYKamkeM M TpUeHheM HOTY U Tena. Mmak W Tako
HCTOBPEMEHH M30a4yaju HOTY W IIaBe He oMoryhyjy
MOTITYHO JINHEAPHO hHXame!

HeauneapHoct

[Toremkoha mpoy4aBamba HEKHX NPUPOAHUX
MojaBa Koje ce HCIoJbaBajy y BeheM WM MameM
CTENEeHY Hepena, Kao LITO Cy BPEMEHCKE I0jaBe ca
oOnavHoIIhy W NajaBUHAMa, TaJacH, BETPOBH, JIET
aBHOHA, CpYaHa apUTMHja, NIa U MHUPAH YCIPaBHH
CTaB, MEIArolliK{ MPOLIECH, COIMjalHA OYCKUBAMbA,
Jieudja JbyJballlka WTH., MPEICTaBJbajy €0 OHO-
ra IITO MpOy4aBa Hayka, Kojy Oap IBajecT roiu-
Ha TI03HajeMO IOJl MOjMOM Xaoc. Joil 3HauyajHUje
jecte nutame: Kako je moryhe, 1a je Tok cBeMupcke
eHepruje 0e3 MKaKBOT IHJba TIPETBOPUO CBET y KH-
BOT U casmame ? [la mpema TomMe 3a1ITo cy CHEXHE
naxyJjbe panuuure? JacHo je, na je cBeT yucra (Qu-
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3UKa W X€MHja, a KOjeT HH BPXYHCKH HAyYHUIIA HE
pasyMejy y TMOTIYHOCTH. YKOJHKO C€ OCBPHEMO Ha
mozipydje OWOJIOTH]e W TPEKO e y COITUOJIOTH]Y H
MeAaromKy (IUIaKTHUKY) TIPaKCy, aHaIm3e Tpeba ma
ce mrpaljyjy Ha YMEm-CHUIIAMa, C TUM Ja je Beh cama
eBOJIYITHja “‘jeTaH caM BEeTTUKH Hepen~ (XaOTHIHOCT)
ca TIOBPaTHOM HEMO3HAHUIIOM.

EBonymija je TOkOM MMJIMOH TIPUPOIHUX €K-
crieprMeHara y BpeMeHy W TIPOCTOpY TpOoy3po-
KoBajla, Ja C€ IPEeKO CIy4ajHOCTH pacHliama Hu
pacrmaama JeroBa 1 00JMKa, 0Ba Memaa U3 cabnx
— HeoaroBapajyhux y maTtoM mpocTopy/BpeMeHy — v
3aMpIIIeHe CTPYKTYpE, ca HEIITO BHUIIE Pefa.

JacHo je, na ce mcTpaxkuBaun HAOPOjaHUX U jOIIT
MHOTO ApYyTHX aorahama Beoma Op30 cycpehy ca mpo-
0r1eMoM OTHOCa TMHEAPHOCT — HETMHEAPHOCT, OHOCHO
ca I10jaBOM CHTPOITHje Koja TpEe/ICTaBha MEpy 3a Xao-
TUYIHOCT HEKE TI0jaBe, OAHOCHO CUCTEMa, a Moryhe je 1a
3HAYW U MIMpekhe Hepera, yHa3ahBame Wi TEXKbY 3a
pacriagom. ApHOIT MaHaem, ICHXujaTap U CTPyIbak
3a JIWHAMUKY, jor je 1977. romuHe yka3ao, xa Ouoso-
31 He OM Tpebaso 1a TOBOPE O WCIIpeIlIeTamy TPOIH-
MEHHU3HOHAJIHAX OEaHYeBUHCKHX CTPYKTypa Mo3ra
Kao CTaTMYHMX, Beh Ka0o MUHAMIYKHUX CTPYKTypa, KOje
mposase Kpo3 ¢a3He MpoMeHe 10 MHOTUX OONMKa Xa-
ornaHoct. Cmarpao je, m3Mmel)y ocraior, a je Mo-
3aK HajXaOTHYHH]H Of] CBUX OpraHa y TeJIy W TBPIHO je
na “Kama y OHMOJI0THjM TTOCTUTHEIT PaBHOTEKY, MPTaB
cu’”’. YKOITIKO Ce y3Me Y 003Up CIIMIHO YPABHOTESIKEHHC
(v Ha TIPBM TIOTJIEZ, TIPETIIOCTaBKa O ITOTIYHOM
pemy) 3a memarore, OMHOCHO (TIPEIMETHE) AUAaKTHYA-
pe, IpeacTaBba HajTOPH OOTMK TISTAroIIKOT KOH3epBa-
Ti3Ma. 300T Tora, TOTPEOHO je 1a ce y MPSIMETHIM JIH-
JTAKTUKaMa — HAPOUHUTO y TUJAKTUIIN CTIOPTa — CTAJTHO
1 TIOHOBO PYIIHU pell B TapaaurMe (Tj. MCHhambe Hauu-
Ha MUIIJBECHHA), jep IIKOIOBAE HE TI03HA]€ TOTAIHY JTH-
HEapHOCT y 00pa3oBamy ¥ BacmuTamy. 1o nHade BHIIe
BOXHU 32 TPEIMETHY JUAAKTHKY Y CTIOPTY TOKOM TIPO-
1ieca TICHXOMOTOPHYKOT Pa3Boja.

Hepen y OmosiomkuM cucreMuma

3aKoH EHTPOIHjE CE Y CTBAPH OJHOCH HA OfI-
HOC peia U Hepela. A y OMOJIOTHjU OMIITE 3aKO0-
HUTOCTU (pr3HKe HE Tpajy Iyro. Y CIOKEHUM HEJIH-
HEApHUM CHCTEMHMa, 110 MOJICKYJIapHO CTambe je
HCHPEIUICTEHO MOBPAaTHUM Be3ama. buosomika Ouha
Cy JIaKJie OTBOPEHH CHCTEMH, KOjH TpeMa CIIOJbHUM
uHpopmanmjamMa (mpomMeHe okojuHe) yBehaBajy
CBOj yHyTpallllbu pei. XOMeocTa3a, Kao OMoJIoll-
ka camoperynamnuja (Lasan, 2002, 2004; Usaj,
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1997; Rajtmajer, 1994) OAHOCHO y TICHXOJOTHjH
exkpmumOpujym (Labinowicz, 1989) mpencraBibajy
TeMeJbHE 3aKOHUTOCTH CHHTPOTHHX OWOIOIIKAX
mojasa (Detela, 2002). OmgHOC 31MpaBbe — OOIECT ce
HMCTOBPEMEHO OIHOCH Ha pelm — HEepem, jep je 3apaB
JBYIICKH OpTaHu3aM 00Jbe ypeheH.

ITo3Haro je, na ce, MoYeTKOM HayKe O ,,XaOTHIIN
OWOJTOIITKE TI0jaBe CYMPOTCTaBIbajy JAPYTOM 3aKOHY O
TEPMOIMHAMUIIH, Tj. CHTPOIIH]H, jep KUBa CTBap HEempe-
KAIHO TEXHU Ka camoypehmBamy. [lakie, yHyTpammsn
pen HacTaje ycien OTBOPEHOCTH OMOJIOIIKHX CHCTe-
Ma. CaBpeMeHa oTkpmha Ha TIOAPYYjy MOJICKyJIapHE
(xBanTHE) OMONOTH]E, KA0 M Yy KOTHUTHBHO] HAYIH W
Yy APYTMM MHOTHM WHTEPIMCIMIUTMHAPHUM HayKaMa
OCTaBJbajy CyMIby O TaKBO] CYMPOTHOCTH. 3ara)arba
YIIpaBo yKa3yjy, a BeoMa CHTHH (MHKPO)OHOJIOIITKHI
cucremu nenyjy Beh cacBum maTenmreHTHO (Detela,
2002). 3akoH EHTPOITHje MPIH CBOj M3BOP ca MoApydja
KBaHTHHX jenuha. CTpydmalny ce THTajy, IITa ako Cy
KBaHTHH JEJI0BH “‘Beh mpeBHIIie TaMeTHH aa Ou Jeso-
BaJIM TIpeMa 3aKOHMMa W TIPaBHUIIMMa HEXUBUX CHCTe-
Ma. Hanme, oan Mucrie, 1a ce cBe Halla3W y KBaHTHO]
KOXEPEHTHOCTH HEIO3HATHX OMOMOJIeKyia, a Koje ou
came I1o ceOu OmrIe ycaryamieHe ca camo jeIHOM TaJlac-
HOM (pyHKIIHjOM. AKO je To Tako, Jletema (2002) ykazyje
“mTa 'y TOM CiTy4ajy yropeheme ca eHTPOITH]CKUM 3aKO0-
HOM TIOcedyje HaydHu cMmucao”’. HaBemeno ykasyje,
Jla CBE TI0jaBe MOYUBY W Pa3BHjajy c€ Y MHUKPOTYOy-
JlaMa W Jla ce BHUIIIE HE TOBOPH O EHTPONH)jH, HEro O
CHUHTPOITHjH YHjH TI0jaM O3HadaBa CMAmbHBambe Hepe-
Ila, a Kojer je yBeo y Hayky npe 1960. romuae Andept
Czent (Detela, 2002). IlojaBe cuHTpOITHje 03HAYABA]Y
HETaTWBHY CHTPOIIH]Y, JakKjie CMambHBabe CHTPOIIH]E,
onHOCHO yBehaBame pema (yHyTap Hepema). Hepen ce
CMambyje yCIIeqT IeoBamka OKoNHMHe. bronomku crucre-
MU TIOCEIYjy CITIOCOOHOCT CITOHTaHE caMOperyJIallyje.

HPEIAMET, IPOBJIEMHA
HNCTPA’KUBAIDBA,
IN/BEBU U XUIIOTE3E

OCHOBHU npedmem OBE HUCTPAXKUBAUKE CTY-
Jje jecTe ca3zHame, Ja ce OMONIOIIKH CUCTeMHU He
MOHAIIIajy TIOTIYHO JruHeapHo. Beh maino oncryname
O]l JIMHEApHOCTH, MOXe TOoJ ozpel)eHnM ycioBuMa
nocTuli KPUTUYHY TAYKYy, KaJa ce Pyl Mepruoand-
HoCT nojaBe. CiuuHo ce joraha, Kako TOKOM Ipolie-
ca TPCHHWHTA, TaKO U Ha TOJPYYjy TUAATHIKO/METO-
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CKHX YTHIIaja HeTocpeaHe mpakce. Ha Taj maumH, mo-
TpeOHO je, 1a ce mpoy4e HaBe/IeHe 00e KHHE3HOIIOIII-
Ke JIENIATHOCTU ca TpoOsieMoM pea u Hepeaa. [Ipe-
Ma HemTo ckpaheHOM ucmpasicugaukom npooremy,
HAyMUJIA CMO JIa TIPOYYUMO MeopujcKy anaiusy Ha-
BEJICHUX TIO/Ipy4ja (TPEHUHTA M CTUIAha TICHXOMO-
TOPUYKHX CITOCOOHOCTH) Ca IVICANINTA XaOTHIHOCTH
W Ha T4] HAYUM MPOYYIUMO, KOJHMKO BPEIU Xunome-
3a Ja ¥ Y KWHE3UOJIOIIKO] HAYIH MTOCTOjH MPHINYHA
Mepa Hepena. [{us CTynuje jecTe y ToMe, J1a ce yKa-
JKEe KHHE3HMOJIO3MMa, J1a je Hallle TOAPYYje MPUIHY-
HO AeUIUTapHO ca MoApYyYja TEOPHjCKUX JUCKypca
0 TEOPHjH Xaoca, Kao | J1a MojaBe HEJIMHEAPHOCTH, Y
METOJCKMM MOCTyIIMMa, Moryhe noBoxe 1o 6osber
CTBapalallTBa [e1arora TOKOM HerocpeiHe Mmpakce.

PE3YJITATHU U PACITPABA

HenuneapHocT y mpouecy TpeHHMHIa

Kiacnuna jenHaumHa ycrexa y HEKOM CIIop-
Ty Omna je y TIOYeTKy IpecTaB/beHa Kao JIHHeap-
Ha jeJHaYMHA, Tj. JUHEapHa KOMOMHAIN]A T10jeIUHUX
¢axTopa, KOju ca HEKUM KOE(PHUIIMjEHTOM yTHUYy Ha
ycriex. Paam ce o yunanma nojenuHux (akTopa, Koju
Cy Tonm yTHIIajeM TpeHWHra MehycoOHO ToBe3aHw.
To moBoam mo mojaBe cymeprosuije (Detela, 2002)
u3mel)y JIHeapHO HEe3aBUCHUX pelliekha. MaremaTnd-
KH 3aITHC 32 CYIEPIIO3UIH]y OCTeKN ce Y BUAY 00Md-
HOT ca0uparma, OMHOCHO Kao JTUHEeapHa KOMOWHAIIH]a
KOHKpETHHUX (pakTopa ycrexa TakmMudapa. Hasenmene
JMHeapHe pa3Mepe Moryhe je mpHKazatu ca IpeMu-
COM, Koja MIMa TTOYeTaK W CMep, aliil oIl HeMa “‘Tipa-
Be” KOJMUWHE (jep Ta MPOMEHJbUBA TIPEACTaBIba OH-
TaH IMpoIleC TPEHUHTa), a BEOMa je Ba)KHO: 4nM Behe
— TUM OoJbe. JINHEapHU CUCTEM Ce MOXKE PACTABUTH U
OTICT CaCTaBWTH, jep JCJOBH MPEIACTaBIhA]y 30Hp IIe-
muHe (Gleick, 1991). Kako ce Beh y moueTky cymmano
y JHHEPHOCT Mpolleca TPEHHUHTA, ONAU Cy Ha KpPaj
jeqHAYMHE WiIaH y BUAY eIror BapujaHTe (Tperl-
Ka, Koja 6u TpebaJyo Ja caJpkKu CBe OHO IITO Ce ca
JMHEapHOIIhy HUje MOTJIO TIPOTYMAYHTH).

Kao mpumep mo3Harux (aktopa, Koju ocTBa-
PYjy TICUXOCOMATCKH CTaTyC BPXYHCKOT CIIOPTHCTE,
KoprcTHhEeMO MOJIeN U3 ajIcKoT CKHjama, Kapakare-
pucTHYHUX penaiyja u3melhy ¢axropa ca Tpu HEBOA
(PajTmajep, 1984) :

3C + CB+ MT +
P = AHT +® + M + MU + CM +
F+K+CC+O+T+...+E)

Cumbonu o3HauaBajy cienehe: y 1. peay :
3npaBctBenu craryc (3C), cucrem Bpennoctu (CB)
u motuBanjy (MT). ¥V 2. peny: antponomerpujcke
mumensuje (AHT), ¢yHKunpoHanHe CrnocoOHOCTH
(®), ocuoBHe MoTOpHuKe criocoOHocTH (M), MOTO-
pruke nHpopmanuje (MU) u cnienupuaHe MOTOpHY-
ke criocobHoctu (CM). ¥V 3. peny: xoruutusHe (I') u
konaruBHe (K) mumensuje, coumjanau craryc (CC),
o6jextuBHM mokazaresbu (O), ycnoBu Tpenunra (T)
n rpeuike (E), koje Teopwjckd KOHA4HO OOJHKYjY
jennaunHy. HaBenieHo, y CBakoM Cityd4ajy, npecTaBiba
caMmo arpoKCUMaTHBHU U300p (akTopal).

Beh 30 romuua je mo3naro (Arpemi, 1977,
[erposuh, 1980; nmpema Pajrmajep, 1984) na tpe-
HOXHHM TPOIEC HHje HHU CIyd4ajHO JIMHEPHU OI-
HOC (paKTopa yTHIdja HA YCIEIIHOCT CIOPTHUCTE.
[Nojenuuu dakropu, Koje CMO caMo Kao IpuMep rope
HaBellM, HEMajy CyMaTWBHH, Beh cynpacyMaTHBHH
yrunaj Ha pesyarar. [Ipema Tome, pesyrar je Behwu
U caJip’KajHO JAPYTraduju Off CyMe TOjeTMHHUX JIeJIOBa.
3aTo W jeHauMHa crienudUKanyje HUje BHIIE JIMHE-
apHa KoMOMHaIMja oaroeapajyhux gakropa.

Henunneapuoct Monesia
NMCUXOMOTOPHYKOT pa3Boja

Mopnen mnpexncraBba KiIacH4aH BOOCOBHH-
CKM KoOpIuHaTHH cucteM (ciuka 1.) m3mehy kKojux
ce KpHUBYJba 3Hama Ieme y “Hepeny’: XOpU30HTAI-
Ha Oca MpeJCTaB/ba BPEMEHCKY KOMIIOHEHTY BEX-
0e, a BepTUKaJIHA HHUBO KBAJIWTETa 3Hama. lad-
Ka Ha KPHUBYJbH IPHKa3yje KOJIMKO IOpacT KBal-
TETa 3Haa 3aBUCH 0J Opoja dacoBa BexxOama. Lleo
nujarpam ce genu y Tpu dase : (1) nmouerna A-b,
Koja je Beoma Kparka, (2) ocHoBHa b-l, koja je mo
npaBuiy Hajoricexxuuja u (3) curyanuona LI-/, koja
320KpY’Kyj€ KBAJMTET 3Haa /10 IIHUPOKE NPaKTHIHE
KOPHCTH (CBaKako y CKJIaJy ca crapouiy aerera u
yuectanomhy BexOama).

Mopen ce 3acHMBa Ha Hadely MOCTYHHOCTH
“op JaKmIer Ka TEXEM M OJ] MO3HATOT Ka HEro3Ha-
TOM” W TpeICTaBJba JABOAMMEH3MOHAIHOCT, a (aze
ciiezie mHeapHo. TOKOM meaaromkor npoueca mneaa-
ror He cMe J1a Oupa BexOe (caznpikaj BexxOama) npe-
Ma UCTOj JIOTULH. Y cUTyallMoHoj (asu (ciuka 2) mo-
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TpeOHO je yOaIuTH CTPENIHUITY KOja moka3yje Bpahame
yHa3am — mpemMa OCHOBHO] ¢aszm BexOe. To 3Haum
Ja ce aeo (TeXuX) BexOM (IMMOKpeTa) W3 CHUTYaIHo-
He dasze momaje (MakmmM) Bexbama OCHOBHE dase.
Ha Taj maumna dopmupa ce HelMmHEApHOCT M300pa
BEXOM, jep HUCMO BHIIEC YIIYheHH y caM BEepTHKA-
HU (CTETIEH pa3Boja) TpaHchep METOAMUKOT ITOCTYTI-
ka oOyuaBama. [lemaror cam crBapa Hepen. TajHa

Kepanurer
3HaMba

A B (& D Yac
-

Crnuxka 1. JluneapHu Mmonen

Heﬂl/lﬂeapHOCT METOACKOI MOCTYyIIKa
NPUJIUKOM TPEHUHI' A
Ka0 KPE€aTUBHOT Ipoueca

ITcuxoMOTOpUYKH Pa3Boj MPEICTaBIba MPOLEC
HEeMPEeKUIHNX TpoMeHa (ycaBpllaBama) KpeTama
(Pecjak, 1986; Rajtmajer, 1991, 1994). Y nperxoanom
MIOIYIaBJbY JOLUTH CMO JI0 3aKJbyUKa, /1a T TIPOMEHE,
nomohy n3Mene caapxaja 2. u 3. ¢ase, Huje 1uHea-
paH. JacHo je, 1a OBOM NPHUIIMKOM HEMa MCKJbYUHBE
NpaBUIIHOCTH, Beh ce omtena y m30opy ciao0omHuX
KOMOMHAIIH]ja BeXKOU U MPEIBEKOU, U MTO je OUTHO,
panu yera u MHUIIEMO OBY CTYAM]y: Jla c€ HaBeJcHa
HEJIMHEapHOCT UCIO0JbaBa y (YHKIHjH KpeaTHBHO-
ctu neparora! (Ilpemaa je u 'y oBoM ciydajy Kpea-
TUBHOCT nozipelena Hekom ozapeheHoM peny yHyTap
Hepesia METOINYKOT MocTymKa). OBOM MPUIIMKOM IT0-
TpeOHO je HAIIOMEHYTH, Ja OU Ce METOJICKH IOCTY-
NaK TpaBWIHO AePHUHUCAO, Kao 30Mp O00jEeKTUBHO
ypeheHux crenupuIHuX BEKOH. Y OBOM CIIy4ajy
NeJIaro3y ce Beoma pasivKyjy (osae cy oOyxsahenn
OHHU KOjU pajie ca JIeloM Yy BHUIy CIIOPTCKE OOyKe U
TPEHUHTA: YYUTEJbU Y CHOPTY, MpodecopH paspen-
HE HacTaBe M BacHMTauu). JeaHW ce MpHUIpKaBajy
pena y OyKBaJJHOM CMHCIY, APYTH C€ OCJlamajy Ha
NapUjaTHOCT y MPOLECY yuerha — MIPUMEHH METOA-
CKHUX MOCTYyIaKa (aHaJTUTUIKO/CUHTETUYKH METOJ 00-
yKe), 10 MHOTUX OCTaJINX KOjU Cy CIIOCOOHH Ja Kpe-
aTHBHO JOMYHbY]y BEXOY 0 AETOBUMA Ca XOIUCTHY-
koM (y nenuan) odykom. [IpBu cy umMuTaropu, Apyru
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JIGKW y TIOjaBH MOHOTOHHjE TIPUIUKOM BekOamba,
jep je 3a mere IWJb CYBHUINE AaJIeK, IITO JOBOIU IO
rajga MOTHBAIIHje JIeTeTa 3a Bexbame. [locTtaBiba ce
MATamke, Koja je cpasMepa m3Mmely makmmx (OCHOB-
HUX) ¥ TEXHUX (CUTyaIlMOHHUX) BEXOW, OJHOCHO KO-
JIUKH je Jeo “Hepena’” moTpebaH ma O ce TIOCTHTao
0oJbH pesyaTar (OAroBOp HHUjE jeTHOCTABaH — JIEIIO-
MHYHO Ta HaJTa3uMo y Tauku 3.3).

Keranuret
IHAhA

A B C D Yac

Cnuka 2. He-nuneapHoct

(dhopmanuctu, Tpehu yMeTHUIIM 00ydaBamba KpeTama,
OIHOCHO OOyKe M TPEHHHIa y CIOPTY. YIIPaBO OBH
MOCIeNIibM TpayKe HOBHHE, MpujarohaBajy ce Jemu
Ha Taj HAYMH JIa [UJHEBE OCHOBHOT yueHa, Y MPBOM
peny, oopalyjy ca kpalium poxoBuma (erarHo) u
JIOTYHbY]Jy MX Ca CUTyallMOHHM BexOama. Y LUIbY
“npaBUSIHUX” TIpOMEHa BeXOW, memaror Tpeba jaa
Oyne u xpabap u Ja, rpe cBera, Tpeba TO Ja KeJu
na ypamu! Tek y TaKBUM MOCTYIIIMMA MOCTUTHYT je
CTEIeH YMETHOCTH 00yuaBama. To HE 3Ha4H, Ja Tie-
Jaror caM “crapajyhm Hepen” Mopa yBek J1a TpakH
y “Hepeny pen’. KpeatmBHOCT TOKOM oOy4aBama je
y CBaKOM ClIy4ajy OTEKaHa, jep ce MOKEe OYCKHBATH,
Jla Ce y4uTeJby ujeja Moxe ,,u3ryoutu. To 3Hauw,
J1a je rpolec 00pa3oBama U BacliuTamba caM Mo ceOn
MPE/ICTaB/beH KA0 HEMpPEKUIaH MeJaroliky Mpolec.
VYkonuko Tora Hema ycieanhe Kpaj ca HalpeaoBambeM
MPEKO pyIIeHa CBEra OHOT LITO je HajOoJke. ..

YMECTO 3AK/bYYKA

Teopuja XaOTHYHOCTH HAIyIITa JETEPMHHH-
CTHYKY TPEIBHUBMBOCT. Hepen M XaoTHYHOCT cy
CBET JbYJACKOT TI0CTOjama, Kojer ocehamo, ca3HajeMo,
TO je CBeT JbyjcKke uHTyuIMje. HaBenene mojase tpe-
0a mpoyvaBaTH Kao IeJIMHY, a He 1ojeanHaqyHo. Tpa-
’KHMO TIeJIMHY, IITO, HAPOYHUTO, BAXKH 3a MPOILIEC Tpe-
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HUHTA, Ka0 ¥ 3a CIIOPTCKO MEJIAroNIKy MPaKcy y MIKO-
nmama. 3a HajMiahe je 1o6po caMmo oHO HajOoJke.

[To muTamy XaOTUIHOCTH, 3aHUMJbHBA MUCA0
JTOJIa3| o1 TeopeTckor (hm3maapa u Ouonora Pobdep-
Ta Maya, kojy je o0jaBno jorn 1976. rogune y peBUjH
Nature, a To, a je MOTPeOHO U3ydaBaTH TCOPHU]y He-
pena - HeIMHEeapHOCT. AJIM HE caMmo KOJl CTyJcHaTa
¢u3uKe 1 MareMaTuke, Beh u kox ocramux cTymeHa-
Ta, Oymyhux memarora CBUX BpPCTa. YKOJIHKO CE€ OC-
BPHEMO Ha FbETOBY MHCA0 M TIPEHECEMO je Y CIOPT,
Tajma OM JaHac, HIIP. Y MIKOJH CKHjama, Tpebdaso CBH
Ila yde, mra ce noraha m3mely 3aokpera umja Op3u-
Ha je Beha om kpurmune Tauke. llepwmommunu cu-
CTEM — CKHjalll ca CKHjama, CTPMUHA, KBAJIUTET CHE-
ra - ce 300r Tora Mema, U3 ypeaHo CTAOMITHOT Y Xa-
OTHYHU CHUCTeM. YBehamhe mapamerapa Op3uHE TIpe
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Abstract

In this study the basics of chaos theory causing nonlinear effects in pedagogies, especially in sports didactics, are discussed. However, it
is important to recognize that it is the nonlinearity of the methodical procedure, which causes the creative choice of contents and working

methods in P.E. and movement education at nursery schools.
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INTRODUCTION

Experimentation in the wide field of natural
forces, as well as in the narrow one of human kine-
siology does not give expected results. It is always
possible to technically complain about it, or question
it. Thus, we all doubt about regularity of outcomes
at the end. Therefore, researchers soon determine
that we live in an imperfect world. So, to get at least
some clues about the experiments’ results, we have
to neglect a bunch of small irregularities. This ap-
plies especially to the pedagogical experiment. Un-
fortunately, we are not all Galileo, who excellently
divided the effect of gravitation on some falling body
from air resistance and then he could focus on the
essential element of his study... in our actual world,
for example pendulums — they all move so that they
stop at the end, because dynamic systems are always
under the influence of some disorder (i.e. chaotic).
This is also true for the most rhythmical action in bi-
ology — heart frequency, which under the influence of
chaotic forces can bring even death.

The simplest pendulum in the shape of chil-
dren’s swing moves disorderly because of the non-
linearity of energy current, which goes in and out of

it. Swinging of the pendulum is namely stewed and
forced. Stewed, because the friction wants to stop it,
and forced, because the child pushes the swing with
contracting and extending its legs and body. Even the
most unequal pushes with legs and head do not reach
the perfect linearity of the swing.

NONLINEARITY

The difficulty of studying some natural phe-
nomena, which show greater or smaller disorder lev-
els, such as the weather with cloudiness, rain- and
snowfalls, waves, winds, plane flights, heart arithme-
tic, even human’s still handstand, pedagogical pro-
cesses, social expectations, children’s swing, and so
on, are just the part of the science research, which we
know under the name of chaos theory. One of the im-
portant questions is: How could an aimless energetic
current of the universe deposit life and consciousness
in the world? And also, why are the snowflakes dif-
ferent? Of course this is a world of pure physics and
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chemistry, which remains unknown also for the top
specialists to the full. When we look into the world
of biology and through it into sociology and peda-
gogical (didactical) practice, we have to make analy-
sis based on the fact that evolution alone is “one big
disorder” (chaos) with return snare. This among the
millions of natural experiments in time and space has
caused that through consequent dissipation and de-
composition of parts and shapes only these changed
from worse — unsuitable in given time and space — to
more complicated structures, with more order.

It is clear that researchers when studying nu-
merous and a lot of other events soon meet the prob-
lem of relationship between linearity — nonlinearity,
or rather with the phenomenon of entropy, which
symbolizes a measure for disorder of some phenom-
enon or system; it can also mean extension of disor-
der, regression or tendency to decay. Arnold Mandall,
psychiatrist and specialist for dynamics, said already
in 1977 that biologists should not have been talking
about interplay three-dimensional protein structures
of brain as static, but as dynamical ones, which go
through phase changes to numerous shapes of chaos.
He even though that brains had been the most chaotic
of all body organs.

“When you reach balance in biology (in bio-
logical sense), you are dead,” he claimed. When that
balance (or seemingly perfect order) covers peda-
gogues or (subjects’) didactics, is this the worst shape
of pedagogical conservatism. That is why in the sub-
jects’ didactics — especially, in the sports didactics —
we have to break down order and bring down para-
digms always from the beginning (i.e. leap in the way
of thinking), since field of schools / education does
not know total linearity in upbringing and in educa-
tion. This counts especially for subject sports didac-
tics in the process of psychomotor learning.

DISORDER IN
BIOLOGICAL SYSTEM

The law of entropy actually applies to the re-
lationship between order and disorder. But in biol-
ogy general physical legalities do not last long. In
complex nonlinear systems there is namely the entire
molecular world interplayed with “feedback”. Bio-
logical creatures are so called open systems, which
make their inner order bigger on the base of outside
information (changes of the environment). Homeo-

stasis as biological self regulation (Lasa, 2002, 2004;
Usaj, 1997; Rajtmajer 1994) or in psychology as an
equilibrium (Labinowicz, 1989) is the fundamental
legality of syntropic-biological phenomena. (Detela,
2002) Relationship between health and illness is at
the same time relationship between order and dis-
order, since the system of a healthy human being is
more orderly.

Of course it was true at the beginning of the
chaotic science that biological phenomena contradict-
ed to the second law of thermodynamics, i.e. entropy
since live substance always aims to self organizing.
Hence, inner order grows bigger because of the open-
ing of the biological systems. Observations namely
suggest that incredibly small (micro) biological sys-
tems work already quite intelligent. The law of en-
tropy has its own source in the field of quantum parts.
Specialists ask themselves, what if quantum parts are
“too smart” to function according to the law and rules
controlled by inanimate systems. They think namely
that all is in the quantum coherence of complicated
bio-molecules, which should be internal fully tuned
with just one wave function. If that is so, Detela says:
“In this case the comparison with entropic law has
a scientific sense. It shows that all these events are
starting and are taking place in micro tubes, when
we no longer talk about entropy, but about syntropy,
concept means cutting down disorder, which Albert
Szent introduced 60 years ago. Syntropic phenomena
mean negative entropy, so decrease of entropy or in-
crease of order (within disorder); disorder decreases
because of the environmental influences. Biological
systems are capable of spontaneous self regulation.

SUBJECT, RESEARCH PROBLEM,
OBJECTIVES AND HYPOTHESES,
AND RESEARCH METHODS

The basic subject of this theoretical research
study is realizing that biological systems do not act
perfectly linear. Even smaller deviation from linear-
ity can under the certain conditions reach a critical
point, when periodicity of conditions collapses. Sim-
ilar things happen in the field of training as well as in
the field of didactical / methodical actions of direct
practice. Thus, we have to deal with problems of or-
der and disorder also in these two activities of kinesi-
ology. As a narrow research problem we set ourselves
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a task to do a theoretical analysis of both mentioned
fields (training and psychomotor learning) in terms
of chaos and so we test to what extent does the hy-
pothesis valid; that also kinaesthetic sciences control
a quite huge amount of disorder.

The objective of this study is to note kinaes-
thetic theorists that our field is pretty deficit on the
field of the theoretical discourse of the chaos theory,
and also at the same time that the phenomenon of
nonlinearity in methodical procedures can lead to a
better pedagogues’ creativity in a direct practice.

RESULTS AND DISCUSSION

NONLINEARITY IN THE PROCESS
OF TRAINING

The classical equation of success specification
in a sport was introduced in the starting level as a lin-
ear one, i.e. linear combination of individual factors,
which with a particular coefficient influence success.
It is about the effects of individual factors, which un-
der the influence of training independently impose on
one another. This leads to the phenomenon of super-
position (Detela, 2002) among linear independent so-
lutions. Mathematically this superposition is written
as a regular aggregation, so as a linear combination
of concrete factors of contestant’s success. Those lin-
ear relationships could be demonstrated with a line,
which has a starting point and a direction, but not the
“right” quantity (because this variable is the essential
part of a training process); it is important: the more
the better. The linear system can be put apart and
together again, since the parts add in its wholeness.
(Gleick, 1991) Because there was a doubt in linearity
of training process at the beginning, they simply add-
ed at the end of the equation a link in a shape of er-
ror variance (which should contain all that could not
have been explained with linearity). As an example
of known factors, which make up a psychosomatic
status of a top sportsman, we will use the model from
alpine skiing, which is characterized by the relation
among factors in three levels (Rajtmajer, 1984):

ZS+8V+MT +
R = +ANT+F+M+MI+SM+
+G+K+55+0+T+._.+E
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The signs stand for the following:

In the first line: ZS — health status, SV — sys-
tem of values, MT — motivation. In the second line:
ANT - anthropometrical dimensions, F — functional
skills, M — basic kinaesthetic skills, MI — kinaesthetic
information, SM — special kinaesthetic skills. In the
third line: G — cognitive dimensions, K — connotative
dimensions, SS — social status, O — objective factors,
T — training conditions, E — errors, which theoreti-
cally finalize the equation. This is of course just an
approximate choice of factors.

For at least three decades it has been known
(Agrez, 1977; Petrovi¢, 1980; Rajtmajer 1984) that
the training process does not have the slightest ef-
fect on the linear relationship of factors influencing
the successfulness of the sportsperson. Some factors,
which we mentioned above just as an example, do
not have cumulative, but super cumulative effect on
the result. So, the result is bigger and structurally dif-
ferent from the sum of the parts. Therefore the equa-
tion of specification is no longer a linear combination
of particular factors.

NONLINEARITY OF THE MODEL
OF PSYCHO KINEASTHETIC
LEARNING

The model shows classical two axis coordinate
system (Figure 1) among which the curve of knowl-
edge is increasing in “disorder”: the horizontal line
stands for the time component of the exercise, the
vertical one but for the quality of knowledge. The
point on the curve shows how the increase of knowl-
edge is quality dependable on the number of exercise
units (lessons). The whole diagram is divided in three
phases: (1.) the beginning A — B, which is very short,
(2.) the basic B —C, which is usually the largest, and
(3.) situational C — D, which completes the quality of
knowledge to wide practical application (of course
corresponding to child’s age and frequency of exer-
cises).

The model follows the principle of gradualism;
i.e. criteria “from easier to harder and from known to
unknown” it is two dimensional, phases follow each
other linearly. In natural sciences — by fermentation
of young wine and in changing it into wine — this



Rajtmajer D., Nonlinearity in Sports Didactics, PHYSICAL CULTURE 2011; 65 (2): 86-91

really goes linearly. In pedagogical process a peda-
gogue is not allowed to select exercises and pre-ex-
ercises (the content of exercising) according to the
same logic. From the situational phase we have to
draw the arrow, which shows back — against basic
phase of the exercise. (Figure 2) This means that the
part of (more difficult) exercises from situational
phase adds to (easier) exercises of the basic phase.
That is how nonlinearity of choosing exercises hap-
pens, since we do not follow just the vertical (learn-

T Quality of
knowledge

C

D Exercise
units

Figure 1. Linear model

NONLIEARITY OF METHODICAL
PROCEDURE IN SPORTS LESSONS
AS A CREATIVE PROCESS

Psychomotor learning is labelled as a process
of constant changing (improvement) of moving. In
previous chapter we found out that the process of this
changing with the help of mixing contents of second
and third phase is not linear. Of course there are no
strict rules, but the freedom of choosing combination
of exercises and pre-exercises is the essential part of
why we are writing this study: this nonlinearity plays
namely a role in the function of pedagogues’ creativ-
ity! (Although also in this case creativity is inferior
to some specific order within disorder of methodical
procedure! Here we have to say that methodical pro-
cedure is usually defined as collection of reasonable
regulated specific exercises!) That is where peda-
gogues (with that [ think on all that in their repertoire
have to do with pedagogical work with children and
teach physical education: sport teachers, class teach-
ers at lower primary school, and educators) vary a lot.
One follow the order blindly, again the others are for
partial (analytical-synthetic technique of learning)

ing) transfer of methodical procedure of education
class anymore. A pedagogue himself creates disorder.
The secret lies in the phenomenon of monotony when
exercising, since the goal for the child is too far away
and this causes the motivation to drop. Clearly this
opens the question of the relationship between easier
(basic) and more difficult (situational) exercises on
what part “of disorder” is necessary for higher suc-
cess. (The answer is not simple — we find it partly
under the following point - 3.3).

A Qu ality of
knowledge

CW

>
D Exercise
unit

Figure 2. Non-linearity

learning process — methodical procedures, and many
others who can in parts creatively add to exercises
holistic learning technique. The first ones are imita-
tors, the second ones formalists, and the third ones
artists of teaching-learning movement or physical
education. Exactly those ones are always looking for
news and are adapting to children so that they move
the objectives of basic learning forward to shorter pe-
riod (performed by stages) and supplement them with
situational exercise. For the “right” mixture of these
exercises a pedagogue must also have a right amount
of courage, especially, he must wish for this to hap-
pen, and he must also have a lot of knowledge. True,
only in that context the art of teaching is reached. Of
course the fact that pedagogues themselves “create
disorder” does not mean they do not look for “dis-
order in order” all over again. Creativity in learning
process is always risky, since we cannot expect that
a teacher’s idea does not come true. This means that
educational-upbringing process is constant pedagogi-
cal experiment on its own. When it is gone, the prog-
ress through logging paradigms is over.
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INSTEAD OF CONCLUSIONS

The theory of chaos omits deterministic pre-
dictability. Disorder, chaos is the world of human di-
mension, which we feel and sense; this is the world
of human intuition. Phenomena that were stated here
must be studied holistically, and not just reductive.
We are searching for wholeness, which at the most
counts for the training process as well as for the
sport pedagogy practice in educational field. For the
youngest only the best is good enough.

An interesting thought on chaos comes from
a theoretical physician and biologist Robert May,
which he already published in 1976 in the magazine
Nature, the theory of disorder — nonlinearity has to be
taught. Not just to students of physics and mathemat-
ics but also to the other groups of students, to future
pedagogues of all kinds. If we actualize his idea and
apply it to sport then for example in ski school all
have to learn what goes on in-between turns, when
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