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Educational and Didactic Communication 2008

Summary

The monograph Educational & Didactic Communication 2008 is a follow-up to earlier ones oriented to the
development of didactic communication of physics and science based on the Brockmeyer’s communicative
conception of physics and science education theory.

The communicative conception of science education was described by the didactic communication of
physics/science (Brockmeyerova) and by the curriculum process (Pricha, Zaskodny). The both conceptions were
in 2008 integrated.

Monografia ,,Educational & Didactic Communication 2007“ nadvédzuje na predchadzajiice monografie P.
Tarabka a P. Zaskodného zamerané na rozvijanie komunikacnej koncepcie didaktiky fyziky profesorky
Brockmeyerovej ako aj komunikacnej koncepcie d’alSich odborovych didaktik.

Komunika¢nd koncepcia odborovych didaktik zahriiuje nielen didakticki komunikaciu prirodovednych
predmetov a ekonomiky ako postupnost didaktickych transformacii ale aj kurikularny proces ako liniu
variantnych foriem kurikula podl'a profesora Prichu, ktoré su prepojené kurikularnymi transformaciami, pricom
obe koncepcie boli v roku 2008 integrované.
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Kurikularni proces fyziky - Curricular Process of Physics

Transformace obsahu vzdélavani ve fyzice

Author: Premysl Zaskodny

University of South Bohemia, Institute of Applied Economical Studies, Czech Republic
pzaskodny@yahoo.com,

Tento pfispévek prezentuje metody transformace obsahu vzdélavani ve fyzice, jenz vytvoii pod-
minky pro kultivaci ,,expertnich® znalosti (znalosti s porozuménim a aplika¢ni kvalitou) ve smyslu
¢lanku Carla Wiemana WHY NOT TRY A SCIENTIFIC APPROACH TO SCIENCE EDUCATI-
ON?, www.cwsei.ubc.ca. Carl Wieman je nositel Nobelovy ceny za fyziku v r. 2001 (kondenzat dege-
nerovaného Boseho plynu vytvotfeny z par alkalickych kovill) a feditel CWSEI (Carl Wieman Science
Education Initiative) na univerzité v Britské Kolumbii, Kanada.

Obsah prispévku

1. Cil piispévku a zpusob jeho napliiovani

2. Didakticka komunikace fyziky

3. Vybér variantnich forem kurikula

4. Definice kurikuldarniho procesu fyziky

5. Splnéni cile piispévku

6. Diskuse a prehled vysledki prispévku

Dodatek 1 Struktura variantni formy kurikula — Cesta k matematickému modelovani
Dodatek 2 Metody modelovani variantnich forem kurikula

Dodatek 3 Strukturalni koncepce didaktiky fyziky

Dodatek 4 Proces tvorby ucebnice a mozné vysledky jejiho uzivani (mechanika)
Dodatek 5 Piivod pojmt “Kurikuldrni proces” a “Variantni forma kurikula”

Abstract

This contribution is a scientific dissertation about the comparison the results of transformations of physics
knowledge piece with variant forms of curriculum existence. Organized sequence of physics knowledge piece
transformations is the expression educational communication of physics, organized sequence of curriculum va-
riant forms is the expression of curricular process.

The main aim was to verify the idea that the results of transformations (inputs and outputs of each trans-
formation) of the physics knowledge piece can be identified with variant forms of curriculum. There was a spe-
cial state of subject education and physics education investigation leading to the formulation of this idea. The
communicative conception of physics education as an order of physics knowledge piece transformations was
defined in the Czech-Slovak conception (and maybe also in conjunction with continental Europe). Also the in-
terdisciplinary cooperation with physics science was pointed out. On the other hand, several forms of content of
education existence were described in Anglo-American conception. Thus the interdisciplinary collaboration with
educational science was pointed out.

The “assimilation” of physics education with physics in European conception on one side and the “assimi-
lation” of physics education with educational science in Anglo-American conception on the second side led to
the special phenomena: Anglo-American research quitted to use the concept “physics education” and European
research quitted to use the concept “physics didactics”.

Key Words

Curricular process

Curricular process of physics

Curricular process of physics education
Curricular process of educational science
Form of existence of education content
Curriculum as variant phenomenon
Variant form of curriculum
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Transformations of physics knowledge piece

Educational communication (of physics)

Inputs and outputs of transformations of physics knowledge piece
Conceptual curriculum

Intended curriculum

Projected curriculum

Implemented curriculum-1

Implemented curriculum-2

Attained curriculum

Methods of construction and representation of variant forms of curriculum
Hierarchical, Analytical synthetic, Matrix, and Micromatrix modeling
Triangular, and Level modeling

Structure of variant form of curriculum

Structural conception of physics education

1. Cil prispévku a zptisob jeho napliiovani

Prispévek ,,Kurikularni proces fyziky* je védeckym sdélenim z oblasti didaktiky fyziky o srovnani
vysledkti transformaci fyzikalniho poznatku s variantnimi formami existence kurikula. Uspofddana
posloupnost transformaci fyzikalniho poznatku je vyrazem didaktické komunikace fyziky, uspofadana
posloupnost variantnich forem kurikula je vyrazem kurikularniho procesu.

Ovétovanym cilem byla domnénka, Ze vysledky transformaci (vstupy a vystupy jednotlivych
transformaci) fyzikalniho poznatku Ize ztotoznit s variantnimi formami kurikula. K formulaci této
domnénky vedl zvlastni stav v oblasti zkoumani pfedmétovych didaktik obecné a didaktiky fyziky
zvlast’. Zatimco v Cesko-slovenském pojeti (a snad pojeti spojeném s pevninskou Evropou) se podatilo
vymezit komunikac¢ni pojeti predmétu didaktiky jako posloupnosti transformaci fyzikalniho poznatku
a zduraznit tak interdisciplinarni spolupraci s fyzikalni védou, v angloamerickém pojeti se podaftilo
popsat fadu forem existence obsahu edukace a zdlraznit tak interdisciplinarni spolupraci s edukacni
védou.

,Pohlceni® didaktiky fyziky fyzikalni védou v evropském pojeti na jedné strané a ,,pohlceni® di-
daktiky fyziky edukacni védou v angloamerickém pojeti na strané druhé vedlo k zvlastnimu fenoménu
— angloamericky vyzkum pfestal pouzivat termin ,,didaktika fyziky* a evropsky vyzkum zase termin
»fyzikalni edukace (physics education)®.

2. Transformace didaktické komunikace fyziky

Pfedmétem didaktiky fyziky v komunikac¢nim pojeti (které zahrnuje také metodické, integracni
a aplikacni pojeti) je didakticka komunikace fyziky.

Didakticka komunikace fyziky je cely souvisly proces predavani a zprostfedkovani vysledki
a metod fyzikalniho poznani do védomi jednotlivet, ktefi se na vzniku poznani nepodileli, a tim i do
spolecenského védomi (Brockmeyerova, 1982). Tento proces je konan riznymi aktéry se vzdélavaci
intenci a zahrnuje nejen vzdélavani a vyuku na vSech Grovnich $kolské soustavy, nybrz i celozivotni
vzdélavani realizované institucionalné a také pienos informace z fyzikalnich véd smérem do spolec-
nosti.

Fyzikalni poznatek prodé¢lava béhem didaktické komunikace nékolik vyraznych transformaci
(Brockmeyerova, Tarabek, 2007, Tarabek, Zaskodny, 2006). Didaktika fyziky musi sledovat celou
cestu predavani fyzikalniho poznani a prochazi tak zcela odliSnymi oblastmi mysleni, zkoumani
a vyjadfovani, které zhruba odpovidaji zminénym transformacim fyzikalniho poznatku. Jsou to za-
kladni problémové oblasti didaktiky fyziky.

Zakladni problémové oblasti didaktiky fyziky jsou: védecky systém fyziky, didakticky sys-
tém fyziky, vyukovy projekt, edukacni proces — proces vyuky, vysledky vyuky a jejich hodnoceni,
spolecenské uplatnéni fyzikalniho vzdelani. K nim patii také ptiprava ucitelti fyziky a metodologie
didaktiky fyziky. Transformace fyzikalniho poznatku a vstupy a vystupy jednotlivych transformaci
vymezuji tyto zakladni problémové oblasti didaktiky fyziky (viz Brockmeyerova, Tarabek, 2007, Ta-
rabek, Zaskodny, 2006, Brockmeyerova,1982).
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Fyzikalni pojmové-poznatkové systémy prochdzeji béhem didaktické komunikace fyziky nékolika
formami existence a ziskavaji tyto formy existence v transformacich T1 az TS didaktické komunikace
fyziky (viz napt. Brockmeyerova, Tarabek, 2007).

Prehled transformaci T1 az T5 Ize uvést podle J.Brockmeyerové, 1982 a P.Tarabka,
P.Zaskodného, 2006, 2007 zjednodusené nasledujicim zpiisobem:

Transformace T1 (vstup — vystup)

Vstup T1: Védecky systém fyziky — Vystup T1: Sdélitelny védecky systém fyziky

Transformace T2 (vstup — vystup)

Vstup T2: Sdélitelny védecky systém fyziky — Vystup T2: Didakticky systém fyziky a jeho ucivo
Transformace T3 (vstup — vystup)

Vstup T3: Didakticky systém fyziky a jeho u¢ivo — Vystup T3: Vyukovy projekt fyziky a jeho uceb-
nice

Transformace T4 (vstup — vystup)

Vstup T4: Vyukovy projekt fyziky a jeho uebnice, pfipravenost ucitele na vyuku — Vystup T4: Vy-
sledky vyuky fyziky

Transformace T5 (vstup — vystup)

Vstup T5: Vysledky vyuky fyziky — Vystup T5: Aplikovatelné vysledky vyuky fyziky

3. Vybér variantnich forem kurikula

Interdisciplinarni spoluprace didaktiky fyziky a fyziky je spojena s popsanym sledem trans-
formaci T1-T5 fyzikalnich poznatkl. Objevuji se tii otdzky spojené s témito transformacemi:

Otazka prvni: Jak vytvaret, vyjadfovat a zobrazovat vstupy a vystupy Transformaci T1 az T5 ?
Jak vytvaret, vyjadfovat a zobrazovat védecky systém fyziky, aby byl sdé€litelny? Jak vytvaret, vyjad-
fovat a zobrazovat didakticky systém fyziky, jeho cile a u¢ivo? Jak vytvaret, vyjadfovat a zobrazovat
prvky vyukového projektu fyziky, ptedevsim ucebnici, jak zobrazovat pripravenost ucitele na vyuku?
Jak zprostfedkovavat poznatky studentlim, aby se staly jejich znalostmi (védomostmi), a jak zjistovat,
zobrazovat a hodnotit dosazené vysledky Skolni vyuky fyziky? Jak zjiS§tovat, zobrazovat a hodnotit
aplikabilitu osvojenych fyzikalnich poznatkt?

Otazka druha: Jak spolu souviseji edukacni a fyzikalni dimenze didaktiky fyziky? Je-li fyzikalni
a edukacni dimenze didaktiky fyziky spojena transformacemi fyzikalniho poznatku, kterymi edukac-
nimi konstrukty jednotlivé transformace popisovat?

Otazka treti: Lze prvni dvé otazky povazovat za podstatné i pro oborovou didaktiku pfirodovéd-
nych disciplin, pfipadné i pro predmétové didaktiky ze zcela jiné oborové oblasti?

Spolecna odpovéd na vsechny tfi otazky je vedle interdisciplinarni spoluprace s fyzikalni védou
uzce spojena také s interdisciplinarni spolupraci didaktiky fyziky s edukacni védou (pedagogikou).
Obsah edukace obecné a fyzikalni edukace zvlast je spojen s variantnimi formami kurikula jako
s formami existence obsahu fyzikalni edukace a se zplisobem vyjadifovani a konstrukce téchto typt
kurikuli vhodnymi edukac¢nimi konstrukty (tj. s vhodnym modelovanim obsahu edukace v jeho vari-
antnich formach existence).

Pouzité pojmy v odpovédi: Kurikulum je obsah edukace, kurikulum fyziky je obsah fyzikalni
edukace, variantni forma kurikula je forma existence obsahu edukace.

Ukoly, které je jiz schopna FeSit jen didaktika fyziky a které jsou vedle védecké samostatnosti
didaktiky fyziky také vyrazem interdisciplinarni spoluprace didaktiky fyziky predevsim s edukacni a
fyzikélni védou, jsou:

a) nalezeni variantnich forem kurikula typickych pro fyziku jako $kolni pfedmét a jejich identifi-
kace jako vstupl a vystupt transformaci T1 az T5 didaktické komunikace fyziky,

b) spojeni téchto variantnich forem kurikula do kurikularniho procesu fyziky jako posloupnosti na
sebe navazujicich vstupi a vystupt transformaci T1 az T5 didaktické komunikace fyziky,
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¢) postupné transformovani védeckého systému fyziky na nalezené variantni formy kurikula
v ramci kurikuldrniho procesu fyziky (tj. konstrukce a vyjadfovani jednotlivych variantnich forem
kurikula),

d) prevzeti specifik endogenni a exogenni stranky edukacniho procesu a jejich aplikace v rdmci
nékterych transformaci mezi ptislusnymi variantnimi formami kurikula.

K propojeni transformaci T1 az TS5 s variantnimi formami kurikula Ize upravit piehled variant-
nich forem kurikula, které byly identifikovany v publika¢nich zdrojich (napft. Priicha, 2005, Strakova,
Tomasek, PaleCkova, 1996, Manak, 2005 v Ceské literatuie). Pii téchto upravach lze respektovat vaz-
by na pét koncepci kurikula (Certon, Gayle, 1991, Pricha, 2005) a na transformace T1-T5.

Predlozeny vybér variantnich forem kurikula je vyrazem interdisciplinarni spoluprace didaktiky
fyziky predevsim s edukacni a fyzikalni védou:

Vybrana a upravena variantni forma kurikula — konceptualni kurikulum

Variantni forma kurikula v literatufe: Konceptualni forma (koncepce toho, co ma byt ve skolach obsa-
hem vzd¢lavani)

Koncepce kurikula: Koncepce orientujici se na strukturu védeckého poznani (strukturovany
a sdélitelny soubor poznatki jednotlivych véd)

Transformace fyzikalniho poznatku: Tuto formu lze spojit s transformaci T1, s vysledkem transfor-
mace T1 lzespojovat konceptudlni kurikulum (Conceptual curriculum)

Vybrana a upravena variantni forma kurikula — zamy$lené kurikulum

Variantni forma kurikula v literatue: Zamyslené kurikulum — planované cile a obsah vzdé¢lavani
s explicitnim definovanim v kurikularnich dokumentech (u¢ebni osnovy, ucebnice). Jsou rozeznavany
tii kategorie obsahu: saim obsah vzdélavani, jeho operacni tiroven (Cinnosti zakl a ucitelti napt. pii
feSeni vhodnych typt ucebnich tloh), tiroven perspektiv (planované zmény zakovskych postojt, za-
jmu a motivaci)

Koncepce kurikula: Koncepce orientujici se na strukturu poznani (ucivo jako strukturovany soubor
poznatki jednotlivych véd ptizpisobeny moznostem adresati), koncepce rozvoje kognitivnich procest
(schopnost myslet je vice nez seznamy fakt)

Transformace fyzikalniho poznatku: Tuto formu lze spojit s transformaci T2, s vysledkem transforma-
ce T2 Ize spojovat zamyslené kurikulum (Intended curriculum)

Vybrané a upravené variantni formy kurikula — projektové kurikulum
a implementované kurikulum-1

Variantni formy kurikula v literatufe: Projektova a realiza¢ni forma (konkrétné planované projekty
obsahu vzdélavani, obsah vzdélavani prezentovany subjektim edukace)

Koncepce kurikula: Koncepce orientované na technologii vyucovani (v centru poznani je metoda pie-
davani)

Transformace fyzikalniho poznatku: Tyto formy lze spojit s vysledky transformace T3. Nabizejici se
vysledek transformace T3 ,,Projektové kurikulum* lze rozsifit o novou variantni formu kurikula spoje-
nou s piipravou ucitele na vyuku a dosud v literatufe neuvadénou. Tuto novou variantni formu lze
nazvat ,,Implementované kurikulum-1* a tim ji odli$it od variantni formy implementovaného kurikula
spojené s ucivem osvojenym edukanty (Projected curriculum and Implemented curriculum-1)

Vybrana a upravena variantni forma kurikula — implementované kurikulum-2

Variantni forma kurikula v literatufe: Rezultatova forma (obsah vzdélavani percipovany subjekty edu-
kace)

Koncepce kurikula: Koncepce seberealizace edukanta (dat adresatovi edukace prostor, aby vlastni
¢innosti objevoval svét, vychazet z jeho zajmi)

Transformace fyzikalniho poznatku: Tuto formu lze spojit s transformaci T4. S vysledkem transfor-
mace T4 lze spojovat implementované kurikulum jako ucivo osvojené edukanty a oznacované jako
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implementované kurikulum-2. Implementované kurikulum je na zéklad¢ rozboru variantnich forem
kurikula roz¢lenéno na implementované kurikulum-1 spojené s transformaci T3 a implementované
kurikulum-2 spojené s transformaci T4 (Implemented curriculum-2)

Vybrana a upravena variantni forma kurikula — dosazené kurikulum

Variantni forma kurikula: Efektova forma jako dosazené kurikulum (obsah vzdélavani fungujici na
stran¢ subjektti edukace), podoba osvojené¢ho uc¢iva modifikovana adresaty edukace na zakladé jejich
vlastnich i mimoskolnich zkuSenosti a zajmu.

Koncepce kurikula: Koncepce napravy spolecnosti (vzdélavanim fesit neSvary spole¢nosti)
Transformace fyzikalniho poznatku: Tuto formu Ize spojit s transformaci TS5, s vysledkem transforma-
ce TS Ize spojovat dosazené kurikulum jako trvalou slozku edukace pfi jeji aplikaci (Attained cur-
riculum).

4. Definice kurikuldarniho procesu fyziky

Podle J.Prichy (2005) se k péti koncepcim kurikula (Certon, Gayle, 1991) ,,Clenové jednotlivych
taborti obvykle malokdy dokazi domluvit se zastupci jiného piistupu, coz vede k Castému sektarstvi a
konkuren¢nimu boji mezi tviirci riznych vzdélavacich programt®.

Lze se domnivat, Ze je-li za predmét didaktiky fyziky vzata didaktickd komunikace fyziky
(Fenclova-Brockmeyerova, 1982), mohou byt vySe zminéné rozpory mezi ¢leny jednotlivych tabort
do jisté miry prekvapiveé snadno odstranény. Jednotlivé koncepce kurikula, jednotlivé variantni formy
kurikula jen vyjadiuji odlisné transformace fyzikalniho poznatku. Z tohoto pohledu by dil¢i koncepce
kurikula spolu mohly dobie spolupracovat. Ostatné v Ceské republice byl piistup ke kurikulu jako
variantnimu fenoménu teoreticky vypracovan jiz v 80-tych letech (Priicha, 1987, Prticha, 1983). Objev
»didaktické komunikace fyziky* (Fenclova-Brockmeyerova, 1982) a jeho strukturalni vyklad pomoci
transformaci T1 az T5 (Tarabek, Zaskodny, 2006) mtze propojenosti a navaznosti koncepci a jednot-
livych variantnich forem kurikula potvrdit plodnost pfistupu ke kurikulu jako variantnimu feno-
ménu.

SouCasné se ukazuje vyznamnd role didaktiky fyziky (fyzikalni edukace) jako jedné
z predmétovych didaktik — didaktika fyziky (fyzikalni edukace) se svou kurikularni dimenzi vymezuje
jako svébytny a samostatny védecky obor. Kurikularni dimenze didaktiky fyziky (spojena s kognitivng
strukturnimi metodami konstrukce a vyjadiovani jednotlivych variantnich forem kurikula) mize byt
také cestou ke strukturalnimu pojeti didaktiky fyziky.

Postupny vyvoj variantnich forem kurikula je jako ,,analyza uciva a postup zmociiovani se uciva
zaky*“(Manak, 2005) nové oznaCovan pojmem ,.kurikularni proces* (Manak, 2005). Pfevzetim toho-
to terminu Ize kurikularni dimenzi didaktiky fyziky spojit s terminem ,,kurikularni proces fyziky*.

Didakticka komunikace fyziky a kurikularni proces fyziky predstavuji jednak sled vstupl a vystu-
pu transformaci T1 az TS5 fyzikalniho poznatku, jednak sled 5 variantnich forem kurikula (konceptual-
ni kurikulum, zamyslené kurikulum, projektové kurikulum, implementované kurikulum ¢lenéné na
implementované kurikulum-1 a implementované kurikulum-2, dosazené kurikulum).

Pojem ,,Kurikularni proces fyziky* je pak mozno definovat jako posloupnost transformacné na se-
be navazujicich variantnich forem kurikula (prvnim a jedinym ,,nekurikularnim* ¢lenem této posloup-
nosti je ,,obsah fyzikalni védy jako védecky systém fyziky*, transformaéni navaznost je oznacena Sip-
kami —):

Védecky systém fyziky — Konceptualni kurikulum

Konceptudlni kurikulum — Zamyslené kurikulum
ZamySlené kurikulum — Projektové kurikulum a Implementované kurikulum-1
Projektové kurikulum a Implementované kurikulum-1 — Implementované kurikulum-2

Implementované kurikulum-2 — DosaZené kurikulum.
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Spojeni kurikularniho procesu fyziky s transformacemi didaktické komunikace fyziky lze pak popsat
nasledujicim schématem:

Transformace T1 (vstup— vystup)

Vstup T1: Védecky systém fyziky — Vystup T1: Sdélitelny védecky systém fyziky jako konceptudl-
ni kurikulum

Transformace T2 (vstup — vystup)
Vstup T2: Sdélitelny védecky systém fyziky jako konceptualni kurikulum — Vystup T2: Didakticky
systém fyziky a jeho ucivo jako zamyslené kurikulum

Transformace T3 (vstup — vystup)

Vstup T3: Didakticky systém fyziky a jeho ucivo jako zamyslené kurikulum — Vystup T3: Vyukovy
projekt fyziky a jeho uCebnice a piipravenost ucitele na vyuku jako projektové kurikulum a imple-
mentované kurikulum-1

Transformace T4 (vstup — vystup)

Vstup T4: Vyukovy projekt fyziky a jeho ucebnice, pfipravenost ulitele na vyuku jako projektové
kurikulum a implementované kurikulum-1 — Vystup T4: Vysledky vyuky fyziky jako implementova-
né kurikulum-2

Transformace T5 (vstup — vystup)
Vstup T5: Vysledky vyuky fyziky jako implementované kurikulum-2 — Vystup T5: Aplikovatelné
vysledky vyuky fyziky jako dosaZené kurikulum

Popis kurikularniho procesu fyziky je nejen vyrazem interdisciplinarni spoluprace s edukacni a fy-
zikalni védou, ale také vymezenim podstatné slozky predmétu didaktiky fyziky.

Lze také hledat odpovéd’ na otazku: Je mozné nalezeny vyznam kurikularni dimenze didaktiky
fyziky zobecnit na oborovou didaktiku ptirodovédnych disciplin (science education), pfipadné i pro
predmétové didaktiky ze zcela jiné oborové oblasti?

Na zakladé praci P.Prochazky, P.Zaskodného (2006 — matematika), P.Prochazky, J.Skrabankové
(2006 — chemie), O.Simonika, J.Skrabankové (2005 — pedagogika), P.Prochézky (2006 — ekonomie),
R.Paulina (2006 — ekonomie), P.Pospisila (2006 — ekonomie) lze se domnivat, Ze odpovéd’ na poloze-
nou otazku by nemusela byt zaporna.

5. Splnéni cile prispévku

V ptispévku ,,Kurikularni proces fyziky* byl uc¢inén pokus o ,,fuzi* evropské didaktické tradice a
angloamerické kurikularni tradice. Tento pokus by nebylo mozné realizovat piedevSim bez pievrat-
nych teoretickych praci prof. Jitky Fenclové-Brockmeyerové, které je zapotiebi slozit za jeji celozi-
votni dilo hluboky obdiv.

Predlozeny piispévek se pokusil, s pfispénim praci piedev§im P.Tardbka, J.Prichy
a J.Manaka, nejdiive o nepfili§ zasluzny ¢in — ovétit domnénku, ze didakticka komunikace fyziky,
vypracovana a popsana J.Fenclovou-Brockmeyerovou jako sled transformaci T1 az T5 fyzikalniho
poznatku, neni na souhrnu vstupl a vystupu jednotlivych transformaci ni¢im jinym nez posloupnosti
na sebe navazujicich variantnich forem kurikula:

— konceptualniho kurikula (Conceptual curriculum) jako vyjadieni sdélitelného védeckého systému
fyziky,

— zamysleného kurikula (Intended curriculum) jako vyjadieni didaktického systému fyziky,

— projektového kurikula (Projected curriculum) a implementovaného kurikula-1 (Implemented cur-
riculum-1) jako vyjadieni vyukového projektu fyziky a pfipravy uclitele na vyuku,

— implementovaného kurikula-2 (Implemented curriculum-2) jako vyjadfeni vysledkt vyuky fyziky
(vystupt fyzikalni edukace) v myslich adresatid fyzikalni edukace,

— dosazeného kurikula (Attained curriculum) jako vyjadteni trvalé slozky fyzikalniho vzdélani a jeji
aplikace jako efektt fyzikalni edukace (vyjadieni aplikovatelnych vystupti fyzikalni edukace).
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Cil ptispévku lze povazovat za zhruba ovéteny. ,,Jemnéjsi” ovéfeni je spojeno s prizkumem kon-
strukce a vyjadfovani jednotlivych variantnich forem kurikula jako jednotlivych soucasti kurikularniho
procesu fyziky.

Ov¢érenim cile se tento ptispévek pokusil ptispét k diskusi k feSeni problému vyiéeného J.Priichou
k péti koncepcim kurikula v angloamerické kurikularni védé - ,,Clenové jednotlivych tiborii se obvyk-
le malokdy dokazi domluvit se zastupci jiného piistupu, coz vede k Castému sektatstvi a konkurenc-
nimu boji mezi tvlrci riznych vzdélavacich programi*.

Lze se domnivat, ze didakticka komunikace fyziky a jeji kurikularni proces jsou nabidkou ke spo-
lupraci mezi zastanci jednotlivych kurikularnich koncepci. Ziejmé nikoliv nadarmo je transformaci
fyzikalniho poznatku praveé pét, nikoliv nadarmo je k dispozici pét vystupt z jednotlivych transforma-
ci.

6. Diskuse a prehled vysledkii prispévku

Za vétsi piinos tohoto prispévku lze povaZovat vneseni otazky vybéru vhodnych kognitivné
strukturnich metod (tento vybér je predlozen v 1.dilu monografie “Educational and Didactic Com-
munication 2007 — Theory” v ramci ptispévku P.Zaskodného “Metody strukturace variantnich forem
kurikula™) do procesu konstrukce a vyjadfovani vystupl z jednotlivych transformaci T1 az T3, tj. do
procest konstrukce a vyjadiovani jednotlivych variantnich forem kurikula (praktické provedeni
konstrukce a vyjadfovani variantnich jednotlivych forem kurikula je naplni 2.dilu monografie “Edu-
cational and Didactic Communication 2007 — Methods”).

Neni podstatné, zda se vystupy transformaci T1 az TS nazyvaji
»formy existence fyzikalnich pojmové-poznatkovych systémi* (P.Tarabek)
nebo
,variantni formy kurikula® (P.ZasSkodny, J.Prticha).

Podstatné je, ze posloupnost na sebe navazujicich variantnich forem kurikula lze v didaktice fyzi-
ky nazvat kurikuldrnim procesem fyziky (v souladu s terminem J.Manaka ,.kurikularni proces®).

Je ziejmé, Ze bude zajimavé zkoumat také

- kurikularni proces chemie,

kurikularni proces biologie,

kurikularni proces matematiky,

a neni vylouceno, ze také napt. kurikularni proces ekonomie.

Jako piispévek k otazce kognitivné strukturnich metod konstrukce a vyjadfovani variantnich fo-
rem kurikula pfinasi tento piispévek analyticko-synteticky model kognitivni struktury védecké disci-
pliny, kterou se snazil obohatit dosazenymi vysledky — model didaktiky fyziky jako svébytného a sa-
mostatného védeckého oboru uznavaného zvlast€ edukacni védou jako jednou ze socidlnich véd
a fyzikou jako jednou z konkrétnich véd o ptirod¢.

Analyticko-synteticky model kognitivni struktury didaktiky fyziky je uveden na obrazku Obr.1 a
Obr.2 (Obr.1 — 1.¢ast modelu, Obr.2 — 2.¢ast modelu). Model rovnéz potvrzuje, ze vhodné kognitivné
strukturni metody konstrukce a vyjadfovani variantnich forem kurikula se jiz v soucasnosti ovéfuji.

Prvni ¢ast modelu ukazuje, Ze zcela samostatnym objektem, ktery zcela nalezi didaktice fyziky, je
kurikularni proces fyziky.

V ramci této prvni ¢asti se také poukazuje

na podstatnou diileZitost spoluprdace s edukacni védou (specifické prebirani poznatki
o endogenni a exogenni strance edukacniho procesu pro potieby didaktiky fyziky)

a na podstatnou dileZitost spoluprdce s fyzikou jako konkrétni védou o piirodé (specifické piebirani
poznatkli o védeckém systému fyziky pro potteby didaktiky fyziky).
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Druha ¢ast modelu naznacuje, ze se didaktice fyziky otevira velky prostor pro védecky vyzkum.

Tento prostor Ize roz¢lenit na konstrukci a vyjadfovani:

konceptualniho kurikula fyziky (které je synonymem sdélitelnosti védeckého systému fyziky),
zamySsleného kurikula fyziky (které vyjadiuje didakticky systém fyziky jako védecky systém fyzi-
ky prizptisobeny a pfiméfeny moznostem adresatt fyzikalni edukace),

projektového kurikula fyziky (které se nachazi v dobie napsanych ucebnicich),
implementovaného kurikula-1 fyziky (které se nachazi v mysli edukatora),

implementovaného kurikula-2 (které se nachazi v mysli edukanta)

a v neposledni fad¢ dosaZeného kurikula (které provazi pti profesni kariéte nejen absolventy fyzi-
kalni edukace, ale také ,,zije* v celé spolecnosti).

Vysledky prace lze uvést v nasledujicim prehledu:

1.

Didakticka komunikace fyziky, vypracovana a popsana J.Fenclovou-Brockmeyerovou jako sled
transformaci T1 az T5 fyzikalniho poznatku, odpovida na souhrnu vstupti a vystupu jednotlivych
transformaci posloupnosti na sebe navazujicich variantnich forem kurikula. Tato posloupnost je
kurikularnim procesem fyziky. Predmétem didaktiky fyziky je pfedevsim kurikularni proces fyzi-
ky.
Posloupnost na sebe navazujicich variantnich forem kurikula je nasledujici:
— konceptualni kurikulum (Conceptual curriculum) jako vyjadfeni védeckého systému fyziky
z hlediska jeho sdélitelnosti,
— zamyslené kurikulum (Intended curriculum) jako vyjadieni didaktického systému fyziky,
— projektové kurikulum (Projected curriculum) a implementované kurikulum-1 (Implemented
curriculum-1) jako vyjadieni vyukového projektu fyziky a ptipravenosti ucitele na vyuku,
— implementované kurikulum-2 (Implemented curriculum-2) jako vyjadieni dosazenych vysledka
vyuky fyziky v myslich adresati fyzikalni edukace (jako vyjadieni vystupt fyzikalni edukace),
— dosazené kurikulum (Attained curriculum) jako vyjadteni trvalé slozky fyzikalniho vzdélani
a jeji aplikace spojené s efekty fyzikalni edukace (jako vyjadieni aplikovatelnych vysledkt
vyuky fyziky).
Pét oddélenych koncepci kurikula popsanych v angloamerické literatufe je alespon na pidé fyziky
propojeno didaktickou komunikaci fyziky a jejim kurikularnim procesem.
Prvni skupinou vhodnych metod pro konstrukei a vyjadiovani jednotlivych variantnich forem
kurikula, které se jiz v soucasnosti oveéruji, jsou kognitivné strukturni metody spojené se ,,struktu-
raci predavani fyzikalniho poznani* (hierarchické, analyticko syntetické, maticové a mikromatico-
vé modelovani kognitivnich struktur).
Druhou skupinou vhodnych metod pro konstrukci a vyjadfovani jednotlivych variantnich forem
kurikula, které se jiz v soucasnosti ovétuji, jsou kognitivné strukturni metody spojené se ,,struktu-
raci podoby predavani fyzikalniho poznani* (trojuhelnikové a tiroviiové modelovani struktury
pojmil).
Strukturalni koncepce didaktiky fyziky by mohla byt tvofena tfemi zakladnimi rysy — kurikular-
nim procesem a prvni a druhou skupinou kognitivné strukturnich metod. Propojeni téchto rysii by
pak bylo spojeno s vyuzivanim kognitivné strukturnich metod pfi konstrukei a vyjadiovani jednot-
livych variantnich forem kurikula (tato domnénka bude ovéfena v praci vénované konstrukei a vy-
jadfovani jednotlivych variantnich forem kurikula v druhém dilu monografie ,,Educational and
Didactic Communication 2007 — Methods®).
Prehled vysledkl prace je zobrazen analyticko syntetickym modelem kognitivni struktury didakti-
ky fyziky jako svébytného védniho oboru (viz Obr.1 a Obr.2)
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Obr.1 Analyticko-synteticky model kognitivni struktury didaktiky fyziky — 1.¢ast

Pojeti didaktiky fyziky jako propojeni evropské didakticko fyzikalni tradice a angloamerické
kurikularné fyzikalni tradice s aplikacnim pievzetim poznatkl edukacni a fyzikalni védy

v v v v
Evropska tradice: Angloamericka Aplika¢ni prevzeti Aplikaéni prevzeti
Cesta od metodiky tradice: poznatku eduka¢ni poznatku fyzikalni

fyziky pres inte- Cesta od koncepci védy: védy:
gracii 1?§Iilkacm kﬁ?{f{ﬁ?;{kg O\J] Ztrli_ Aplikaéni ptevzeti Aplikaéni prevzeti
K tranl; fg) rmacim antniho t!enoménu v oblasti endogenni védeckého systému
fyzikélniho po- obsahu fyzikalni a exogenni stranky fyziky pro potieby
znatku jako trans- edukace edukacéniho procesu didaktiky fyziky
formacim obsahu
fyzikalni edukace
A 4 A 4 A 4 v
Komunika¢ni Kurikularni proces Respektovani potieb Védecky systém fyzi-
pojeti didaktiky fyziky a moznosti edukantd. ky z hlediska jeho
fyziky Metody, formy sdélitelnosti a princip
a prostfedky edukace védeckosti pti jeho
ve fyzice. Rizeni edu- dal$ich transformacich
kace ve fyzice.
v v v v

a) Didakticka komunikace fyziky jako kurikularni proces fyziky (Védecky systém fyziky a Konceptualni kurikulum,
Didakticky systém fyziky a Zamyslené kurikulum, Vyukovy projekt fyziky a Projektové kurikulum
a Implementované kurikulum-1, Vyuka fyziky a jeji vysledky a Implementované kurikulum-2,
Aplikovatelné vysledky vyuky fyziky a Dosazené kurikulum)

b) Sled transformaci fyzikalniho poznatku + Historie a metodologie didaktiky fyziky+Specifikace endogenni stranky
fyzikalni edukace+Specifikace exogenni stranky fyzikalni edukace (Brockmeyerova, Kotasek, Pricha, Tarabek,

Zaskodny)
c¢) Kategorie obsahu fyzikalni edukace zdivodiuje existenci didaktiky fyziky jako védniho oboru
v v v v
Strukturace pfedavani Strukturace podob Specifikace endogenni Specifikace exogenni
fyzikalniho poznani predavani fyzikalniho stranky fyzikalni edukace stranky fyzikalni edukace
(Bloom, Carroll, So- poznant (Piaget, Piilpan) (Priicha)
chor, Thomas, Tollin- (Bruner, Pilpan)
gerova, Fajkus)
v v v v
Metajazyky J1,J2, J3 Model pojmu + Hierarchizace kognitiv- Metodika didaktiky
+ metakognice pojmove poznatkovy nich trovni (Tarabek) fyziky + Narodni kuriku-

(Zaskodny) systém lum -RVP, RUP ve
(Tarabek) fyzice (fada autort)
v v v

fyzikalni edukace

a) Aplikace kognitivné strukturnich metod v didaktické komunikaci fyziky a kurikuldrnim procesu fyziky
(vymezovani obsahové stranky fyzikalni edukace) a specifické podoby endogenni a exogenni stranky

b) Kategorie obsahu fyzikalni edukace zdivodnuje existenci didaktiky fyziky jako védniho oboru a vede
k potfebé zkoumat formy existence kurikula v ramci transformaci fyzikalniho poznatku
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Obr.2 Analyticko-synteticky model kognitivni struktury didaktiky fyziky — 2.¢ast

a) Aplikace kognitivné strukturnich metod v didaktické komunikaci fyziky a kurikularnim procesu
fyziky (vymezovani obsahové stranky fyzikalni edukace) a specifické podoby endogenni
a exogenni stranky fyzikalni edukace:
b) Kategorie obsahu fyzikalni edukace zdivodiuje existenci didaktiky fyziky jako védniho oboru
a vede k potfebé zkoumat formy existence kurikula v ramci transformaci fyzikalniho poznatku

A 4 A 4 A 4 \ 4 \ 4
Transformace T1 Transformace Transformace T3 Transformace T4 Transforma-
— Konceptualni T2 — Zamysle- — Projektové kuri- — Implemento- ce TS5 -
kurikulum né kurikulum kulum vané kurikulum-2 Dosazens
ifik
(specifikace a Implementova- (specii ace kurikulum
p . . endogenni
endogenni né kurikulum-1 s
anky hraje (specifikace spise a exogenni Stran-
stranky hiraj p ace sp ky hraje roli)
roli) exogenni stranky
hraje roli)

A 4 A 4 A 4 \ 4 \ 4

Konstrukce a vyjadiovani variantnich forem kurikula fyziky jako zkoumani jednotlivych
problémovych oblasti didaktické komunikace fyziky
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Dodatek 1: Struktura variantni formy kurikula — Cesta
k matematickému modelovani

Struktura variantni formy kurikula je tvorena ¢tyimi hierarchicky uspoiradanymi substruk-

turami a), b), ¢), d):

a) Smysl a pojeti variantni formy kurikula (oznaceni substruktury: index SP)

b) Soustava cilii variantni formy kurikula (oznaceni substruktury: index C)

c¢) Forma existence pojmové-poznatkového systému variantni formy kurikula (oznaceni substruktury:
index PPS)

d) Faktory transformace variantni formy kurikula na navazujici variantni formu (oznaceni substruktu-
ry: F)

Jakmile je vymezen smysl a pojeti variantni formy kurikula 1ze se zabyvat jeho soustavou cilt.
Obé¢ substruktury pak determinuji konstrukeci a vyjadfovani tfeti substruktury — struktury pojmové-
poznatkového systému. Je-li zkonstruovana a vyjadiena tfeti substruktura je nutno stanovit faktory
transformace na navazujici variantni formu kurikula.

Variantnich forem kurikula, které jsou brany v uvahu, je Sest:

— konceptualni kurikulum (zkratka CC — conceptual curriculum),
— zamysSlené kurikulum (zkratka |C — intended curriculum),
— projektové kurikulum (zkratka PC — projected curriculum),

— implementované kurikulum-1 (zkratka IMC'— implemented curriculum-1),

— implementované kurikulum-2 (zkratka IMC? — implemented curriculum-2),
— dosazené kurikulum (zkratka AC — attained curriculum).

Libovolna variantni forma kurikula bude oznagena VFC' (index i nabyva hodnot i =0, 1, 2, 3a,
3b, 4, 5, hodnota indexu i = 0 je pfid€lena vstupnimu nekurikularnimu prvku VSF — védeckému sys-
tému fyziky).

Variantni formy PC a IMC' se sdruzuji jako vystup transformace T° a vstup do transformace
T*. Toto sdruzeni bude vyjadeno pridélenim hodnot indexu i = 3a a i = 3b, variantni formy PC a

IMC' vsak budou zkoumany oddéleng.
Struktura kazdé ze Sesti variantnich forem kurikula a vstupni nekurikuldrni prvek (védecky systém
fyziky VSF) maji tfi substruktury oznacené indexy SP, C a PPS

— VSF=VSFe + V¢ + VS pps, tj. VFC’ =VFCZ +VFCL +VFC.q
— CC= CCg + CC¢ + CCpps, tj. VFC' =VFC{, +VFC. +VFC,¢
—1C=ICsp + ICc + |Cpps, ti. VFC* =VFCZ, +VFCZ +VFC}os
— PC=PCg + PCc + PCpps, ti. VFC’* =VFCX +VFC* +VFC,
— IMC'= IMC}, + IMC,. + IMC/,, ti. VFC® =VFCZ +VFCY +VFCq
— IMC?= IMCZ, + IMC? + IMCZ, ti. VFC* =VFCZ, +VFC: +VFC/ ¢
— AC= ACs + ACc + ACpps, tj. VFC’ =VFC, +VFC? +VFClq
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Kazdé transformace T'azT> (obecné: kazda transformace T' pro i =1, 2, 3, 4, 5) je tvofena tre-
mi subtransformacemi SPT'az SPT’, CT'azCT> a DT'azDT’,

— kde SPT'az SPT’ jsou transformace smyslu a pojeti ptedchazejici variantni formy kurikula na na-
vazujici variantni formu kurikula,

— kde CT'azCT’ jsou transformace soustavy cili pfedchéazejici variantni formy kurikula na navazu-
jici variantni formu kurikula,

— kde DT'az DT’ jsou jiz znamé didaktické transformace pojmové-poznatkového systému piedcha-
zejici variantni formy kurikula na pojmové-poznatkovy systém navazujici variantni formu kurikula.

Provedeni kazdé transformace T'aZzT’ je dano faktorem F’aZzF*, lze tedy zapsat, Ze

provedeni T'= aplikace F° aZ provedeni T° = aplikace F*.

Souhrn predchazejicich tvah ukazuje, ze strukturace variantnich forem kurikula vyzaduje vytvo-
feni celkem 6x3=18 modelt substruktur 6 variantnich forem kurikula (pokud neni bran v tvahu vstup-
ni nekurikularni prvek VSF — védecky systém fyziky).

Dale tento souhrn ukazuje, Ze provedeni 5 transformaci T'= F° az T°= F* vyzaduje provedeni
15 dilgich transformaci (SPT'azSPT’, CT'azCT’, DT'azDT’) a znalost 5 celkovych faktor

F°azF* transformaci T'aZT’ (neni vyloudeno, ze faktory F’aZF*bude potiebné rozélenit na
subfaktory dil¢ich transformaci).

Uplna strukturace variantnich forem kurikula ziejmé vyzaduje vytvorit 18 modelt substruktur 6
variantnich forem kurikula (a ptipadné 3 modely substruktur nekurikularniho prvku VSF — védeckého

systému fyziky). Vytvofeni 18 modelii vyZaduje znalost 5 faktord transformaci T'azT> (ne-li 15 sub-
faktori dil¢ich transformaci SPT'az SPT’, CT'azCT’, DT'azDT’).
Vymezenych 18+5=23 problémiu strukturace variantnich forem kurikula nabizi, jak struktu-
rovat a modelovat variantni formy kurikula.
Model konceptualniho kurikula fyziky v publikacich:
— Zaskodny,P.: Survey of Principles of Theoretical Physics (with Application to Radiology)
(in Czech). Didaktis, Bratislava, Slovak Republic 2005
— Zaskodny,P.: Survey of Principles of Theoretical Physics (with Application to Radiology) (in Eng-
lish).Avenira, Lucerne, Algoritmus, Ostrava, Switzerland, Czech Republic 2006
— Zaskodny,P.: Curricular Process of Physics. Survey of Principles of Theoretical Physics (in Czech).
Avenira, Lucerne, Switzerland, 2009

Dodatek 2: Metody modelovani variantnich forem kurikula

Prehled variantnich forem kurikula:

Variantni forma kurikula — konceptualni kurikulum
Variantni forma kurikula — zamyslené kurikulum
Variantni forma kurikula — projektové kurikulum
Variantni forma kurikula — implementované kurikulum-1
Variantni forma kurikula — implementované kurikulum-2
Variantni forma kurikula — dosazené kurikulum

Pi‘ehled kognitivné strukturnich metod:
Hierarchické modelovani kognitivni struktury
Analyticko-syntetické modelovani kognitivni struktury
Maticové modelovani kognitivni struktury
Mikromaticové modelovani kognitivni struktury
Trojuhelnikové modelovani struktury pojmu
Uroviiové modelovani struktury pojmu
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Metody pouZzité pii konstrukcei a vyjadirovani variantnich forem kurikula:

Variantni forma kurikula — konceptualni kurikulum

Analyticko-syntetické modelovani

Uroviiové modelovani

Variantni forma kurikula — zamyslené kurikulum
Analyticko-syntetické modelovani
Maticové modelovani
Trojthelnikové modelovani
Uroviiové modelovani

Variantni forma kurikula — implementované kurikulum-1
Mikromaticové modelovani

Variantni forma kurikula — projektové kurikulum
Maticové modelovani
Mikromaticové modelovani

Variantni forma kurikula — implementované kurikulum-2
Analyticko-syntetické modelovani

Variantni forma kurikula — dosazené kurikulum
Analyticko-syntetické modelovani

Dodatek 3: Strukturalni koncepce didaktiky fyziky

Strukturalni koncepce didaktiky fyziky je uréena:

a) Tremi zakladnimi rysy strukturalni koncepce didaktiky fyziky: Kurikularnim procesem fyziky,
Strukturaci pfedavani fyzikalniho poznani, Strukturaci podoby predavani fyzikalniho poznani”

b) Tti zékladni rysy strukturalni koncepce didaktiky fyziky jsou funkéni, jestlize jsou respektovany
faktory transformaci variantnich forem kurikula.

¢) Interdisciplinarni spolupraci s edukacni a fyzikalni védou a s dal$imi védami, pfedevs§im z oblasti
socialnich véd a psychologickych véd

d) Interdisciplindrni spolupraci s dalSimi didaktikami pfirodovédnych Skolnich pfedméta (Physics
Education as a Part of Science Education)

e) Dalsi vyzkum v oblasti didaktiky fyziky by mél vychazet ze strukturalniho zaclenéni v ramci analy-
ticko-syntetického modelu didaktiky fyziky na Obr.1 a Obr.2

Dodatek 4: Proces tvorby ucebnice a mozné vysledky jejiho
uzivani (mechanika)

Citace (VUP, Masarykova univerzita) — roz§ifeni zabéru vyzkumu uéebnic:

Z pohledu na zahrani¢ni a domaci vyzkum je patrné, ze zabér vyzkumu ucebnic se rozsifuje od
vyzkumt orientovanych na product (obsahové — srovnavaci — analyzy ucebnic, méfeni obtiznosti textu
dle riznych vzorct, analyzy komunikacnich vlastnosti uc¢ebnic apod.) take k vyzkumim orientovanym
na procesy vybéru, schvalovani a uzivani uéebnic (pozice ucebnic v ramei kurikula, vybér a didaktické
zpracovani vzdélavacich obsahii v ucebnicich, zivotni cyklus ucebnic, zakovské porozuméni textu
apod.)

Struktura Dodatku 4 z pohledu citace (rozSifeni zabéru vyzkumu ucebnic):

A. Konceptualni kurikulum (Conceptual Curriculum) — vybér vzdélavacich obsaht pro tvorbu
ucebnice

B. Zamyslené kurikulum (Intended Curriculum) — didaktické zpracovani vzdélavacich obsahti pro
tvorbu ucebnice

C. Implementované kurikulum-1 (Implemented Curriculum-1) — pozice uc¢ebnic v ramci kurikula z
hlediska ptipravy ucitele na vyuku

D. Projektové kurikulum (Projected Curriculum) — pozice ucebnic v ramci kurikula a jeji vytvoteni

E. Implementované kurikulum-2 (Implemented Curriculum-2) — zédkovské porozumeéni textu

F. DosaZené kurikulum (Attained Curriculum) — uZitecnost a pouZitelnost osvojeného uciva
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Al) Konceptualni kurikulum: Analyticko-synteticky model kognitivni struktury fyziky

Fyzika jako jedna z ptirodnich véd

\ 4 v
Zkoumané ptirodni objekty Zkoumané vlastnosti ptfirodnich objektu
v v v v v
Clenéni objekti Podstata Vyvoj Vnéjsi podminky Statisticky
dle poctu objekti objektl a nezavislé vnitini a nestatisticky
a velikosti vlastnosti objektl charakter objektu
v v v v v
Makrosystémy Vzajemné Rozpad Vnéjsi a vnitini Makrosystém
Mikroobjekty pusobeni obecné stavové fyzikalnich
Makroobjekty latek unitarni parametry mikroobjektt
Megaobjekty a poli interakce Casova
na dil¢i nepromeénnost Fyzikalni objekty
interakce a promeénnost ¢lenéné podle
I1.1. 11.2. IL.3. parametri velikosti
v v v v v
Ptehled stavebnich prvki fyzikalnich Rovnovazné a nerovnovazné pohybové stavy
objektt a nositeltl interakei a jejich zména jako nestatisticky pohyb
v soucasném mikrosvete, Rovnovazné a nerovnovazné termodynamické
makrosveété a megasvete stavy a jejich zména jako statisticky pohyb  I1.4.
IL1. + IL2. + IL.3.
A y

Fyzika jako konkrétni prirodni véda

a)Konkrétni formy pohybu: Popis konkrétnich zplisobli zmén stavovych parametrti v ramci
statistického (neuspotfddaného) pohybu u makrosystémii
a nestatistického (uspotfddaného) pohybu u mikroobjektt,

makroobjekti a megaobjektl LS.
b)Predmét zkoumani fyziky: Stavy fyzikalnich objektt a jejich zmény na zaklad€ vzajemného
pusobeni latek a poli I1.6.

c)Zakladni metody fyziky: Na zéklad€ experimentalnich zkuSenosti a prostfednictvim
fyzikalni méfici techniky statisticky ptistup jako zakladni
metoda statistické fyziky a nestatisticky pfistup jako zakladni

metoda nestatistické fyziky 11.6.

\ 4 v
Kvaziklasicky statisticky piistup a jeho Klasicky, kvantovy a relativisticky nestatistic-
relativistickd dimenze v ramci obort statis- ky ptistup v ramci obort nestatistické fyziky
tické fyziky IL.7. IL.8.

\ 4 v

Zprostiedkované vysledky fyziky
Metodika zkoumani obecného makrosystému, popis vlastnosti konkrétnich makrosystému
Metodika zkoumani a popis vlastnosti latkového objektu a elektromagnetického pole
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A2) Konceptualni kurikulum: Analyticko-synteticky model klasické nestatistické fyziky

Soustava Castic, kontinuum, volné elektromagnetické pole — pohybové stavy a jejich zmény

v \ 4
Nestacionarni a kvazistacionarni pohybové Stacionarni a statické pohybové stavy
stavy a jejich zména vlivem ptisobeni sil a podminky jejich trvani
v \ 4
D’ Alemberttiv princip, Hamiltontiv princip: D’ Alemberttiv princip, Hamiltontiv princip:
Lagrangeova (Hamiltonova) funkce L (H) Lagrangeova (Hamiltonova) funkce L (H)
zavisi na case nezavisi na case
v v
Pohybova rovnice a pohybovy zakon: popis Pohybova rovnice a pohybovy zakon: popis
kvazistacionarnich a nestacionarnich stavii stacionarnich a statickych stavl
a jejich zmén a jejich zmén
v v

Obecny popis stavt a jejich zmén pro soustavu ¢astic (Lagrangeovy rovnice 2. druhu, Hamiltono-
vy kanonické rovnice, Princip virtudlnich praci), pro kontinuum (obecna pohybova rovnice a
obecna rovnice rovnovahy kontinua), pro volné monochromatické elektromagnetické pole (pohy-
bovéa rovnice volného elektromagnetického pole)

v v v
Konkrétni popis Konkrétni popis Konkrétni popis volného elek-
Easti i tromagnetického pole
soustavy ¢astic kontinua g P
v v v

Pohybové stavy a jejich zmény u modeli soustavy €astic (volna a vazana soustava, tuhé téleso),
u modeli kontinua (Pascalova dokonala tekutina, Newtonova vazka tekutina, Euklidova tuha
latka, Hookovo elastické kontinuum), u volného elektromagnetického pole s danou frekvenci
(obrovsky pocet nizkofrekvencnich fotonii — elektromagnetické vinéni, maly pocet vyso-
kofrekvencnich fotonll — usporadany tok ¢astic)

A 4

Jednoduché aplikace klasické mechaniky: Pfechod k newtonovskému formalismu

Jednoduché aplikace teorie elektromagnetického pole: Ziidla a viry pole (Maxwellovy rovnice,
skalarni a vektorovy potencial)

Spole¢na aplikace klasické mechaniky a teorie elektromagnetického pole: Lorentzova sila
a pohyb klasického elektronu v konstantnim elektromagnetickém poli
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B1) Zamyslené kurikulum: Analyticko-syntet

008 — P. Zaskodny: Curricular Process of Physics

icky model kognitivni struktury zafazeni mechani-

ky pro l.ro¢nik gymnazia v ramci struktury fyziky jako celku

Ptirodni objekty a jejich vlastnosti zkoumané fyzikou jako jednou
z véd o prirode

A 4

A 4

Vycet objektl, podstata objekti,
vyvoj objektd

Zpisob existence objektt — jejich stavy, pohyb
objektl jako zména jejich stavu

A 4

A 4

Makrosystémy (mnoho obvykle
malych objektt pohybujicich se
neuspofadanym pohybem — statis-
ticka fyzika)

Mikroobjekty, Makroobjekty,
Megaobjekty (jeden nebo nékolik
objekti ¢lenénych podle velikosti

a pohybujicich se uspofadanym

pohybem — nestatisticka fyzika)

Podstata objekti — vzajemné pi-
sobeni latek a poli ( pét dil¢ich
interakce)

Vyvoj objekti — rozpad puvodni
interakce na pét dil¢ich interakci
béhem vyvoje vesmiru

Stavy uréeny hodnotami vhodnych parametri

Rovnovazné stavy — hodnoty parametri nezavisi
na ¢ase, Nerovnovazné stavy — hodnoty parametri
se méni s Casem

Pohyb objektt — sled nerovnovaznych stavi

Neusporadany pohyb mnoha obvykle malych
objektti tvoficich makrosystém — zkouman pomoci
rovnovaznych a sledu nerovnovaznych termody-
namickych stavi

Uspotadany pohyb mikroobjektd, makroobjekti,
megaobjektl — zkouman pomoci rovnovaznych
(statickych, stacionarnich) a sledu nerovnovaznych
(kvazistacionarnich, nestacionarnich)
pohybovych stavi

A 4

Fyzika jako konkrétni pfirodni véda zkouma
stavy fyzikalnich objekti a jejich zmény
na zéaklad¢ vzajemného plisobeni latek a poli

A 4

A 4

Klasicky, kvantovy a relativisticky rozmér
statistické fyziky — zkoumani hlavné rovno-
vaznych termodynamickych stavii pomoci
pravdépodobnosti jejich existence

Klasicky, kvantovy a relativisticky rozmeér
nestatistické fyziky — zkoumani pohybovych
stavii pomoci pohybovych rovnic (dynami-

ka) a pohybovych zakonu (kinematika)

A 4

\ 4

Mechanika pro 1. ro¢nik gymnazia (klasicka nestatisticka fyzika)
zkoumajici rovnovazné a sledy nerovnovaznych stavii makroobjekti
jako uspotradany pohyb téchto makroobjektt

18




Educational & Didactic Communication 2008 — P. ZaSkodny: Curricular Process of Physics

B2) Zamyslené kurikulum: Analyticko-synteticky model kognitivni struktury pohybovych stavi
makroobjekti

Pohybové stavy makroobjektli a struktura jejich parametry

A 4 A 4 v

Podstata parametri Kinematické fyzikalni Dynamické fyzikalni
a) Fyzikalni veli¢ina, SI veli¢iny — popis mecha- veli¢iny — pri¢iny mecha-
b) Skalary a vektory nického pohybu nického pohybu
¢) Soufadnicovy systém, a) Draha, polohovy a) Sila pusobici

polohovy vektor, vektor na makroobjekt

poloha, draha b) Rychlost, zrychleni b) Hmotnost makroobjektu
d) Mechanicky pohyb jako c¢) Pohybovy zakon c¢) Pohybova rovnice

zména polohy s ¢asem (koncové body polo- (2.Newtonuv zakon)

hového vektoru)

A 4 A 4 \ 4

Fyzikalni veli¢iny a jejich ¢lenéni na kinematické (popis mechanického po-
hybu) a dynamickeé (pfic¢iny mechanického pohybu)
Kterymi fyzikalnimi veli¢inami Ize zkoumat rovnovazné
a nerovnovazné pohybové stavy?

v v
Stavové fyzikalni veli¢iny Dopliitkové fyzikalni veli¢iny
a) Sila pisobici po draze a) Hybnost (tvar pohybové rovnice pro
b) Prace dodana makroobjektu, translacni pohyb)
makroobjekt je schopen konat praci b) Moment sily, moment hybnosti (tvar
¢) Schopnost konat praci diky poloze — pohybové rovnice pro rotacni pohyb)
potencialni energie ¢) Pruzny (nikoliv tuhy) makroobjekt
d) Schopnost konat praci diky rychlosti — (Hooktiv zakon pro deformacni pohyb)
kineticka energie
v v

a) Struktura parametru pohybovych stavii — kinematické a dynamické fyzikalni veli¢iny,
stavové veliCiny, dopliikové veliC¢iny — vyuziti pro popis rovnovaznych a nerovnovaznych
pohybovych stav

b) Rovnovazny pohybovy stav — kineticka a potencialni energie se neméni

s ¢asem, nepusobi sila, 1.Newtoniv zdkon, pohyb rovnomérny pfimocary

¢) NerovnovazZny pohybovy stav — kineticka a potencialni energie se navzajem pfeménuji,
ale jejich soucet (mechanicka energie) je konst., ptisobi sily na dalku, 2.Newtontuv zakon,
plati zakon zachovani mechanické energie

d) Nerovnovazny pohybovy stav — kineticka a potencialni energie se navzajem premeénuji,
ale jejich soucet (mechanicka energie) neni konst., ptisobi dotykové sily (napf. tfeni),
2.Newtonuv zakon, neplati zékon zachovani mechanické energie

e) Nerovnovazny pohybovy stav — pohyb rovnomérné zrychleny, pohyb kiivocary (napf.
pohyb rovnomérné kruhovy)

f) Podminky platnosti zakona zachovani hybnosti a momentu hybnosti v pohybovych
stavech makroobjektt
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vych stavii makroobjekti

B3) Zamyslené kurikulum: Analyticko-synteticky model kognitivni struktury aplikaci pohybo-

ce),

Struktura parametri pohybovych stavii makroobjekti:
a) Kinematické a dynamické fyzikalni veli¢iny (pohybovy zakon, pohybova rovni-

b) Stavové veli¢iny (kineticka a potencialni energie a rovnovazné a nerovnovazné
pohybové stavy, zakon zachovani mechanické energie),

c¢) Doplnkové fyzikalni veliCiny (zdkony zachovani)

Vyuziti struktury parametrat pohybovych stava pro typologii aplikaci mechaniky

\ 4

A 4

\ 4

Typologie makroob-
jekti

Typologie sil

Typologie pohybovych
stavil

\ 4

A 4

\ 4

a) Hmotny bod, sousta-
va hmotnych boda

b) Tuha soustava hmot-
nych bodi — Tuhé téleso

¢) Plyn jako tekutina
(typ kontinua) tvoteny
¢asticemi kontinua

d) Kapalina jako tekuti-
na (typ kontinua) tvofena
¢asticemi kontinua

Hmotny bod, tuhé téleso

a) Sily na dalku - gravitacni
interakce, gravitacni a tithové
pole

b) Dotykové sily — slozita
kombinace interakci, pole
jednotlivych interakci

Castice kontinua

a) Sily na dalku — objemové
sily, gravitacni a tihové pole
(napf. hydrostaticky tlak)

b) Dotykové sily — plosné
sily, slozita kombinace in-
terakci, pole jednotlivych
interakci (napf. Pascaliiv
tlak)

Rovnovazné pohybové sta-
vy

a) Statické pohybové stavy
(napft. auto stoji)

b) Stacionarni pohybové
stavy (napf. auto jede se
stalou rychlosti, nestoupa,
neklesd)

Nerovnovazné pohybové
stavy

a) Kvazistacionarni pohybo-
vé stavy (pomalé zmény
rychlosti a polohy napf. auta)
b) Nestacionarni pohybové
stavy (napf. auto zrychluje,
prudce stoupa ¢i klesa)

A 4

A 4

A 4

Typologie aplikaci pohybovych stavii, pohybovych zikoni a pohybovych rovnic u

makroobjekti:

a) Pohybové stavy a jejich zmény u hmotného bodu
b) Pohybové stavy a jejich zmény u tuhého télesa

c¢) Hydrostatika, aerostatika

d) Hydrodynamika, aerodynamika
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B4) Zamyslené kurikulum: Maticovy model kognitivni struktury mechaniky
pro 1. ro¢nik gymnazia

1 |= | =
=12 |= |= I
= |= 13 |=
= |=|= 14 |=|=|=|=
= |5 |+ |+ |+
+ 16 [+ |+ 11
= |+ |+ |7 |=
+ [+ [= |8 |=
=19 |=|=|=|=|=
= |10+ [= |= |=
= |+ [1l]|=|=|= I
= |=|=[12|+ |=
= |=|= |4+ |13 |=
= |= = |=114]= |= |= |=
= | I5]+ |+ |=
= |+ Jl6|+ |= A%
= |+ |+ |17 |=
= |=|=|= |18|= |= | =
= [19]+ |+
Vv = [+ [20 |+
= |+ |+ |21

Stru¢ny popis pojmove-poznatkovych systémi I, I1, 111, IV a V lze provést nasledujicim zptisobem:
Pojmové-poznatkovy systém I

Vymezeni fyziky jako konkrétni pfirodni védy (zkouma termodynamické a pohybové stavy fyzikal-
nich objekti a jejich zmény na zakladé vzajemného plsobeni latek a poli)

Vytvarejici prvky defini¢ni linie: Prvni az ctvrty prvek definicni linie

Pojmové-poznatkovy systém I1

Zatazeni mechaniky pro 1. roénik gymnazia v ramci vymezené fyziky jako konkrétni ptirodni védy
(mechanika  predstavuje  klasicky rozmér nestatistické  fyziky, zkouma rovnovazné
a nerovnovazné pohybové stavy na zakladé vhodné vybranych parametrii téchto stavil)

Vytvéiejici prvky definiéni linie: Ctvrty az osmy prvek definiéni linie

Pojmové-poznatkovy systém III

Aparat popisu pohybovych stavli a jejich zmén u makroobjektt (Vymezeni parametrii pohybovych
stavil jako fyzikalnich veliCin a jejich ¢lenéni na kinematické a dynamické fyzikalni veliciny, stavové
veli¢iny a doplnkové veli¢iny pro doplikovy popis pohybovych stavi. Popis rovnovaznych
a nerovnovaznych pohybovych stavli stavovymi veli¢inami. Role zdkond zachovani).

Vytvarejici prvky defini¢ni linie: Osmy az ¢trnacty prvek definicni linie

Pojmové-poznatkovy systém IV

Typologie makroobjektti (hmotny bod, tuhé téleso, Castice kontinua), typologie sil (sily ptisobici na
dalku, dotykov¢ sily), typologie pohybovych stavii (statické, stacionarni jako rovnovazné stavy, kva-
zistacionarni a nestacionarni jako nerovnovazné stavy)

Vytvaftejici prvky definiéni linie: Ctrnacty az osmnacty prvek defini¢ni linie

Pojmové-poznatkovy systém V

Aplikace mechaniky hmotného bodu, tuhého télesa a Castice kontinua (viz napt. obsah uc¢ebnice Bed-
natik, Siroka, 1993, 2000, [64])

Vytvarejici prvky definicni linie: Osmnacty az jednadvacaty prvek definicni linie.
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C1) Implementované kurikulum-1 (pfiprava ucditele na vyuku s pouzitim ¢asti B2
zamysleného kurikula):
Mikromatice 22 - Energie jako stavova veli¢ina pohybového stavu

1 — Nalezeni fyzikalni veli¢iny, ktera by se stala stavovou veli¢inou, tj. takovym parametrem pohybo-
vého stavu, ktery by pohybovy stav uréoval rozhodujicim zplisobem

2a — Na makroobjekt ptisobi sila F

2b — Je zkouman tzv. drahovy ucinek sily F, tj. jeji plisobeni na makroobjekt ve sméru ptimocaré
drahy s(za této podminky sta¢i pracovat jen s velikosti sily i drahy)

3a — Drahovy ucinek sily lze vyjadfit praci W = F.s (jednotkou skalarni fyzikalni veli¢iny prace W je
[W] =J) — tato prace piedstavuje praci dodanou danému makroobjektu

4 — V disledku dodané prace je makroobjekt schopen konat praci. Schopnost makroobjektu konat
praci se nazyva energii E makroobjektu. Energie E je parametr pohybového stavu makroobjektu, ktery
tento stav urcuje rozhodujicim zpiisobem. Energie E je stavovou veli¢inou.

Typ mikromatice: kvantifikacni mikromatice 1. typu (n=2, m= 1)
Kognitivni naro¢nost: =2, n—m= 1

C2) Implementované kurikulum-1(priprava ucitele na vyuku s pouZzitim ¢asti B2):
Mikromatice 23 - Clenéni energii jako stavovych veli¢in pohybového stavu

= 2¢c =

1 — Clenéni energie na dil¢i druhy energie jako rozhodujicich stavovych veli¢in pohybového stavu
makroobjektu

2a — Gravitacni pole Zem¢e ptisobi na makroobjekt o hmotnosti m gravitacni silou, ktera v tthovém poli
Zem¢ jako tihova sila G = m.g (tithové pole Zemée vlivem otaceni Zemé kolem své osy Uzce souvisi
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s gravitaénim polem Zem¢) udili makroobjektu tihové zrychleni g. Necht’ makroobjekt je vyzdvihovan
kolmo vzhtiru silou, ktera ptekonava tihovou silu G

2b — Makroobjekt je vyzdviZzen do vysky h (tato vySka h odpovida draze s, po které se makroobjekt
pohyboval ptisobenim sily pifekonavajici tihovou silu G) nad napt. povrch Zemé

2c — Sila puisobici na dalku nebo dotykova sila F pisobi (napt. vodorovné s povrchem Zemé — opét
sta¢i pracovat s velikosti sily F) na makroobjekt a udéluje mu zrychleni a (opét staci pracovat
s velikosti zrychleni a@). Tato sila je podle 2. Newtonova pohybového zédkona dana vztahem F = m.a)

2d — Draha s, kterou makroobjekt urazi ptisobenim sily F = m.a je drahou pohybu rovnomérné zrych-
leného, tj. s= % at”.

3a — Pii vyzdvizeni makroobjektu do vyse h nad povrch Zemé je dodana makroobjektu prace W=F.s=
mgh. Tato schopnost makroobjektu konat praci (po dodani prace) se nazyva potencialni (polohovou)
energii E, = mgh.

3b — Pfi udé€leni rychlosti v = a.t makroobjektu na zakladé ptisobeni sily F = m.a (napi. vodorovné
s povrchem Zemé) je dodana makroobjektu prace W=F.s = m.a. % at’= .mv’. Tato schopnost makro-

objektu konat praci (po dodani prace) se nazyva kinetickou energii
Ex= 1/2rT'l\/2
4. Stavovymi veli¢inami pohybového stavu makroobjektu jsou polohova energie E, = mgh

a kineticka energie Ey = %5.mv’.

Typ mikromatice: kvantifikacni mikromatice 2. typu (n=4, m=2)

Kognitivni narocnost: n=4, n—m= 2

D) Projektové kurikulum (narys u¢ebniho textu s pouzitim ¢asti B3 a B4 zamySleného kurikula,
u makromatice B5 je vychodiskem Pojmové poznatkovy systém V):

D1) MECHANIKA HMOTNEHO BODU

(nemiize konat soucasné translaci — pohyb po pfimce — a rotaci — pohyb po kruznici)

Kinematika — popis pohybu (dréha, rychlost, zrychleni) (kinematické parametry pohybového stavu)
Dynamika — pticiny pohybu (pfi¢inami pohybu jsou sily — 5 typt interakci, sila je vzajemné ptisobeni
téles, u sily zalezi na jeji velikosti i sméru plisobeni — sila je vektor, v mechanice jen sily dotykové
jako kombinace Ctyt interakci a sily na dalku jako interakce gravitacni) (dynamické parametry pohy-
bového stavu)

Translace hmotného bodu
1.NZ (zékon setrvaénosti-druh pohybového stavu)

Hmotny bod (t€leso se zanedbatelnymi rozméry — popis makroobjektu) setrvava v klidu nebo
v pohybu rovnomémém piimocarém, pokud na néj neptisobi sila (F=0)

F=0, s=vt, v=konst., a=0, E; = ¥ mv?, E, = mgh (kinematické, dynamické a stavové veli¢iny)
(Ex a E, se neméni-popis rovnovazného pohybového stavu)

2.NZ (zakon sily-druh pohybového stavu)
Pusobici sila F udéluje hmotnému bodu o hmotnosti m zrychleni a

F=ma, s = % at’, v=at, a=konst, B, = % mv?, E, = mgh (kinematické, dynamické a stavové veli€iny)
(Ex a E, se mohou proménovat jedna v druhou, pfi plsobenti sil na dalku plati zakon zachovani mecha-
nické energie E ve tvaru E; + E;, = E = konst, pfi plisobeni dotykovych sil plati zdkon zachovani cel-
kové energie-popis nerovnovaznych pohybovych stavli obou typt)
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W=Fs (prace W konana silou F po draze), P=W/t=Fv (vykon P je roven praci W vykonané za ls,
okamzity vykon P je roven soucinu sily F ptisobici na hmotny bod a rychlosti hmotného bodu), u¢in-
nost 1 v procentech je rovna podilu vykonu a ptikonu nasobeného 100 (nékteré dopliikové velic¢iny)

3.NZ (zékon akce a reakce- vlastnost dynamickych parametri pohybovych stavit)

Pti plisobeni ak¢ni sily hmotnym bodem 1 na hmotny bod 2 pisobi hmotny bod 2 na hmotny bod 1
reakéni silou, ktera je stejné velkd jako akéni sila, ale ma& sni opacny smér. Akéni
a reakenti sila se proto nescitaji

Rotace hmotného bodu

¢ = ot (kinematické veli¢iny)

¢ je uhel, ktery opisuje hmotny bod pohybujici se po kruznici, thel ¢ je méfen v radidnech nebo
v thlovych stupnich, n radiand je 180°

o je uhlova rychlost (thlova frekvence) hmotného bodu pohybujiciho se po kruznici, ® je tthel uraze-
ny za jednotku ¢asu a méfi se v rad.s™

t je Cas méfeny v sekundach

o = 2 znf, kde f je frekvence hmotného bodu (pocet obehiti hmotného bodu po kruznici za 1s), frekven-
ce f je méfena v Hertzich (znacka Hz) (kinematické veli¢iny)

f=1/T, kde T je perioda (perioda T je Cas potfebny k vykonani jednoho obéhu hmotného bodu po
kruznici) (kinematické veliciny)

v_= or (rychlost v obéhu hmotného bodu po kruznici je rovna souéinu uhlové rychlosti ®
a poloméru r kruznice) (kinematické veliciny)

Dynamickou pii¢inou ob&hu hmotného bodu po kruznici je dostfedivé sila Fyoee = m o°r, kde o’ je
dostfedivé (normalové) zrychleni ag.; hmotného bodu. Dostrediva sila Fyo je akeni silou, reakeni
silou je sila odstfediva (dynamickeé velic¢iny).

D2) MECHANIKA TUHEHO TELESA

(mtze konat soucasné translaci i rotaci kolem osy)
Tuhé téleso je mnozina hmotnych bod, jejichz vzdalenosti se neméni (popis makroobjektu).
Popis translace tuhého télesa

Tuhé téleso lze pro translaci nahradit hmotnym bodem (popis makroobjektu), v némz je pusobiste
tihové sily ptsobici na tuhé télesa (gravitacni pole Zemé lze nahradit tthovym polem Zemé, vezmeme-
li v avahu vedle gravitacni sily ptisobici na tuhé téleso také silu odstredivou, ktera existuje v diisledku
rotace Zem¢ kolem své osy. Soucet gravitacni sily a odstiedivé sily je sila tihovd). Hmotny bod, kte-

2

nost m jako celé tuhé téleso.

Dynamickou pfi¢inou translace tuhého télesa je sila F (dynamické veli¢iny)
E =% mv’, E, = mgh (vztahy pro kinetickou a potencidlni energii t€zisté) (stavové veliciny)

Popis rotace tuhého télesa kolem pevné osy (napi. dvéie pii otevirani-priklad makroobjektu)

Dynamicky popisujeme rotaci tuhého télesa pomoci momentu sily M=Fr (r je rameno sily F
a je to kolméa vzdalenost vektoru sily od osy rotace, F je plisobici sila) (dynamické veliciny)
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Ek=%J]o ’. E, = mgh (vztahy pro kinetickou energii tuhého télesa otacejiciho se s (thlovou rychlosti

WV

J je moment setrvacnosti tuhého télesa (popis vlastnosti makroobjektu) a z&visi na hmotnostech my
jednotlivych hmotnych boda tvoficich tuhé télesa a na jejich vzdalenostech r; od osy rotace (m; a r; je
hmotnost i-t¢ého hmotného bodu tuhého télesa a jeho vzdalenost od osy rotace)

Kona-li tuhé téleso soucasné translaci 1 rotaci, je jeho celkova kinetickd energie
E =% mv’ + % J o’ (stavové veliGiny)

Rovnovazné polohy tuhého télesa (rovnovazné pohybové stavy)

Vvt

WV

D3) MECHANIKA TEKUTIN

Definice kontinua (popis makroobjektu)

Kontinuum je slozeno z Castic kontinua (obvykle jsou ¢astice kontinua vymezeny jednotkou objemu,
napt. mm’), které na sebe spojité navazuji. Hmotnost &astice kontinua je dana podilem hmotnosti m
celého kontinua a objemu V celého kontinua - hmotnost ¢astice kontinua je proto hustotou hmotnosti
p=m/V

Typy kontinua, tekutina (popis makroobjektu)

a) Kontinuum neméni tvar, ani objem — jde o tuhé téleso

b) Kontinuum méni tvar a neméni objem — jde o kapalinu

¢) Kontinuum méni tvar i objem — jde o plyn.

Spolecna nazev pro plyny a kapaliny je tekutina (tekutina jako kontinuum je tvofeno Casticemi tekutin)
Idealni tekutina je tekutina, v niz zanedbavame tfeni Castic tekutina pfi jejich vzajemném pohybu.
Idealni kapalina je vedle zanedbani vnitiniho tfeni také nestlacitelna.

Zakon zachovani energie pro ¢astici tekutiny — Bernoulliho rovnice (hydrodynamika, aerody-
namika — ¢astice tekutin se pohybuji) (nerovnovazny pohybovy stav tekutiny)

Draha, po niz se pohybuje ¢astice tekutiny, se nazyva proudnice. Napf. v SirSim profilu 1 trubky, kte-
rou proudi kapalina, jsou proudnice od sebe dale, v uz§im profilu 2 trubky jsou proudnice ,,namacka-
ny*“ k sob¢ — kapalina proudi rychleji (rychlost v,>vy) (kinematické velic¢iny)

Kinetickd energie ¢astice kapaliny je v S$irSim profilu 1 trubky E, = % p V12, v uzsim
profilu 2 trubky Eip = % p v,° (stavové veliginy)

Potencidlni energie Castice kapaliny lze vypocitat jako praci W vykonané silou F po draze s, kterou
vydélime objemem V=Ss (S je napi. plocha pistu, kterym plisobime na kapalinu v trubce o profilu
S po draze s — takto popsany objem je objemem valce V=Ss)

E, = W/V = Fs/Ss = F/S = p (podil sily F a plochy S, na kterou sila piisobi, se nazyva
tlakem p — tlak p se méfi v Pascalech, zkratka této jednotky tlaku je Pa) (dynamické a stavové velici-
ny)

Potencidlni energie c¢astice kapaliny je proto v SirSim profilu 1 trubky E, = p;, vuzsim
profilu 2 trubky E,, = p, (stavové veliCiny)

Zakon zachovani energie Ize proto pro mista 1 a 2 napsat obecné pro libovolnou ¢astici tekutiny (to je
pro ¢astici kapaliny i pro Castici plynu) ve tvaru
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Y p vi2 + % p v> = p; + p, (tato rovnice se nazyva Bernoulliho rovnici — nerovnovazny pohybovy
stav tekutiny)

Diisledek Bernoulliho rovnice — napt. schopnost letadel udrzet se ve vzduchu (profil kfidla je takovy,
ze proudnice nad kiidlem jsou vice ,,namackany na sebe* a proudnice pod kiidlem jsou od sebe vzda-
lengjsi — nad kiidlem je vétsi rychlost proudéni a nizsi tlak, pod kiidlem je nizsi rychlost proudéni a
vyssi tlak — tento ,,vztlak® pii dostate¢né rychlosti letadla neschopen udrzet letadlo ve vzduchu) (da-
sledek zakona zachovani energie v ramci nerovnovazného pohybového stavu tekutiny)

Poznamka: Pii proudéni idealni tekutiny se netvofi viry. Je-li uvazovano i vnitfni tfeni v tekutinach,
pii proudéni skutecné tekutiny se pii dostate¢nych rychlostech za¢nou viry tvofit.

Druhy tlaku pisobici na ¢astice tekutiny (hydrostatika, aerostatika — astice tekutiny jsou v kli-
du) (dynamické veli¢iny)

a) Tlak ptsobici na povrch Zemé vlivem tihy ¢astic vzduchu nad povrchem Zem¢ — atmosféricky tlak
(jelikoz se méni hustota vzduchu, méni se i atmosféricky tlak)

b) Tlak plsobici na ¢astice kapaliny vlivem dotykové (plosné) sily (napt. pist tlacici na kapalinu —
tento tlak se nazyva Pascaliiv tlak a plati pro néj Pascaliiv zakon (Pascaltv tlak je v uzaviené kapaliné
vSude stejny ) — vyuziti: hydraulické zvedaky napt. aut, hydraulické lisy

c) Tlak pusobici na castice kapaliny vlivem sil na dalku (objemové sily — napt. tlak vody
o hustot¢ p tlacici v hloubce h na potapéce) — tento tlak se nazyva hydrostaticky tlak a podle vztahu p
= h pg stoupa s hloubkou h pod hladinou vody (g je tihové zrychleni asi 10ms™) — déisledkem existen-
ce hydrostatického tlaku je Archimédav zakon (vztlakova sila pisobici na télesa ponofena v kapalin€ —
je-li hustota télesa vétsi nez hustota kapaliny, téleso klesa, jsou-li si hustoty rovny, téleso se vznasi, je-
li hustota télesa mensi nez hustota kapaliny, téleso stoupa k povrchu kapaliny)

Poznamka: Atmosféricky tlak je vlastné hydrostaticky tlak v plynech
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E) Implementované kurikulum 2: MoZna podoba osvejeného interniho pojmové-poznatkového
systému Mechaniky pro 1. ro¢nik gymnazia pri pouZiti stavajicich ucebnic fyziky
(Sipky oznacuji existujici dil¢i strukturni vazby, které lze v pouzitych u¢ebnicich objevit)

Fyzika zkouma hmotné objekty a jejich vlastnosti

v v
Formy existence hmotnych objektt: Vlastnosti hmotnych objektd jsou
Latka a pole vyjadfovany pomoci skalarnich
a vektorovych fyzikalnich veli¢in

Fyzika je ¢lenéna na mechaniku, molekulovou fyziku a termodynamiku, elektiinu a
magnetismus, optiku, kvantovou fyziku, fyziku elektronového obalu, jadernou fyzi-
ku a astrofyziku.

Prvni v poradi je MECHANIKA

l l l

Mechanika hmotného bodu Mechanika tuhého télesa Mechanika kapalin a plyna
v v v
Kinematika hmotného Translace a rotace tuhého Vlastnosti kapalin
bodu télesa a plyni
Dynamika hmotného Moment sily a moment dvo- Pascaltv a hydrostaticky tlak,
bodu fice sil tlakova sila, Archimedav
zakon
Mechan'ickf'l préce. Rovnovéinévt poloha tuhého Proudéni kapalin
a mechanicka energie télesa a plynd, rovnice kontinuity,
Bernoulliho rovnice
Gravitacni a tihové pole Kineticka energie tuhého
Ptehled poznatkd Prehled poznatkd Prehled poznatki
0 hmotném bodu o tuhém télese o kapalinach a plynech
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Srovnani zamySleného kurikula a implementovaného kurikula-2:

1) Zamyslené kurikulum ma strukturu vyjadfenou analyticko-syntetickymi modely na Obr.B1), B2),
B3), B4). Podstatou této struktury jsou tfi zakladni rysy pohybového stavu makroobjektu (kinema-
tické a dynamické veli¢iny, stavové veliiny, typy pohybovych stavii)

a jejich aplikace na hmotny bod, tuhé téleso a ¢astici kontinua

2) Implementované kurikulum-2 nema uplnou strukturu (viz obr.E) a je inventafem poznatka
s dil¢imi strukturnimi vazbami o hmotném bodu, tuhém télesu, kapalinach a plynech

3) Komparace obou kurikuli: Zamyslené kurikulum jako jeden z moznych obrazti didaktického systé-
mu fyziky (v ramci transformace T2) se podstatné odliSuje od implementovaného kurikula-2 jako
vysledku vyuky fyziky (fyzikalni edukace) v ramci transformace T4. Pfi¢inou zna¢ného rozdilu me-
zi zamyslenym kurikulem a hypotetickym implementovanym kurikulem-2 se zda byt projektové ku-
rikulum (ucebnice fyziky jako jeden z vysledku transformace T3) a implementované kurikulum-1
(ptiprava ucitele na vyuku s pouzitim pfislusné ucebnice fyziky jako obrazu projektového kurikula)

4) Mozné pficiny odliSnosti obou kurikuli:

— tvircem implementovanych kurikuli (implementovaného kurikula-1 jako ptipravy ucitele-
edukatora na vyuku a implementovaného kurikula-2 jako osvojeného obsahu vyuky studentem-
edukantem) nebyl pfedevsim ucitel, nybrz ucebnice (M.Pasch a kol., 2005)

— tviirci pouzivanych ucebnic (jako obrazu projektového kurikula) vychazeli z neuplné strukturova-
né podoby soustavy uciva didaktického systému fyziky (tj. z neuplné strukturovaného zamyslené-
ho kurikula)

5) Diisledek odlisnosti obou kurikuli: Adresat fyzikalni edukace ziska nestrukturovany inventai po-
znatkli 0 hmotném bodu, tuhém télese, kapalinach a plynech. Pro tento pfipad osvojeni je typické
nepochopeni struktury mechaniky pro 1.ro¢nik gymnazia jako celku, vytésnéni nestrukturované
soustavy znalosti o mechanice z dlouhodobé paméti (F.K.Newman, 1991, M.Pasch a kol., 2005) a
redukce implementovaného kurikula-2 na nékolik dil¢ich poznatk.
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F1) Dosazené kurikulum:
Analyticko-synteticky model kognitivni struktury dosazZeného kurikula klasické
mechaniky jako slozky vSeobecného stiedoskolského vzdélani

Klasicka mechanika zkouma klasické objekty pohybujici se nizkymi rychlostmi (ve srovnani s rychlosti
svétla) a s malymi hustotami hmotnosti (obvyklymi v makrosvéte, v némz jsou vlastnosti prostoru a ¢asu
nezavislé na rozloZeni a pohybu zkoumanych objektli). Tyto objekty 1ze popsat bud’ jejich hmotnosti a hyb-
nosti, nebo jejich vinovou délkou a frekvenci (objekty maji bud’ korpuskularni, nebo vlnové vlastnosti)

A

A

Klasické objekty jsou tvoreny:
a) Latkou (stavebnimi prvky jako latkovymi
télesy)
b) Polem (pole zprostiedkuje vzajemné piiso-
beni-interakci-mezi stavebnimi prvky vymé-
nou polnich ¢&astic, tj. zprostiedkuje puisobeni

Vlastnosti klasickych objekti jsou dany:

a) Zpisobem jejich existence, tj. jejich pohybovym
stavem uréenym stavovymi fyzikalnimi veli¢inami
b) Jejich obecné pojatym pohybem jako moznou

zménou jejich pohybového stavu, ktera je dana zmé-

nou stavovych fyzikalnich veli¢in

sily mezi latkovymi télesy)

|

\

\

Interakce s velkym Interakce s malym Fyzikalni veli¢iny Fyzikalni veli¢iny popi-
dosahem dosahem popisujici sujici sily jako pficiny
mechanicky pohyb mechanického pohybu
— sila ,na dalku*“- — ,.,dotykova“ sila — jako zménu polohy klasickych objektt
gravitacni interak- télesa a rychlosti klasickych (dynamické fyzikalni
ce se dotykaji objektt (kinematické veliCiny a s nimi spojena
(mezi télesy je (mezi télesy neni vidi- fyzikalni veli¢iny pohybova rovnice)
viditelna mezera) telna mezera) a s nimi spojeny pohy-
hav$ 7akan)
4 4 A A

Vzajemné piisobeni latek a poli jako podsta-
ta klasickych objekti
Interakce s malym dosahem — obvykle slozita
kombinace elektromagnetické interakce, slabé
interakce a silné interakce. Slaba a siln4 in-
terakce maji vzdy maly dosah, elektromagne-
ticka interakce se v ramci dotyku téles projevu-
je také jako interakce s malym dosahem
Interakce s velkym dosahem — gravitacni
interakce, elektromagneticka interakce

Mechanicka prace jako drahové ucinky sily na klasic-
ky objekt — Klasicky objekt je schopen konat praci
diky své poloze nebo své rychlosti — Stavové fyzikal-
ni veli¢iny ,,Potencialni a kineticka energie*:

a) Rovnovazné pohybovy stav (sily neptisobi)

b) Nerovnovazny pohybovy stav 1.typu (pisobi sily
,,na dalku®, plati zakon zachovani mechanické ener-
gie)
¢) Nerovnovazny pohybovy stav 2.typu (pisobi
»dotykové® sily, neplati zdkon zachovani mechanické
energie, plati zakon zachovani obecné energie)

y

A

Typy vziajemného piisobeni latek a poli v ramci rovnovazného a nerovnovaznych pohybovych
stavli obou typti: Hmotny bod, Tuhé téleso jako soubor hmotnych bodl s neproménnymi vzdale-
nostmi), Castice kontinua, Kapalina jako soubor ¢astic kontinua (zachovava se objem), Plyn

jako soubor ¢astic kontinua

\ 4

Aplikace pojmi ,,pohybovy zakon“, ,, pohybova rovnice®, ,rovnovazny pohybovy stav*, , ne-
rovnovazny pohybovy stav 1.typu“, ,nerovnovazny pohybovy stav 2.typu“
na HMOTNY BOD, TUHE TELESO, CASTICI KONTINUA (aplikace uvedenych pojmii je pii-
1§ slozitd), TEKUTINU (spole¢ny ndzev pro kapalinu a plyn)
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Analyticko-synteticky model kognitivni struktury dosaZeného kurikula klasické mechaniky jako
edukacni konstrukt pro dalsi vysokoskolské studium (podle prace R.DusSkové, 2007 jsou tucné
vyznaceny pouZité ¢asti modelu)

Soustava Castic, kontinuum, volné elektromagnetické pole — pohybové stavy a jejich zmény
v \ 4
Nestacionarni a kvazistacionarni pohybové Stacionarni a statické pohybové stavy
stavy a jejich zména vlivem piasobeni sil a podminky jejich trvani
v \ 4
D’ Alembertiiv princip, Hamiltoniiv princip: D’ Alembertiiv princip, Hamiltoniiv princip:
Lagrangeova (Hamiltonova) funkce L (H) Lagrangeova (Hamiltonova) funkce L (H)
zavisi na Case nezavisi na ¢ase
4 v
Pohybova rovnice a pohybovy zékon: popis Pohybova rovnice a pohybovy zékon: popis
kvazistacionarnich a nestacionarnich stavii stacionarnich a statickych stavi
a jejich zmen a jejich zmén
y A

Obecny popis stavil a jejich zmén pro soustavu ¢astic (Lagrangeovy rovnice 2. druhu, Hamilto-
novy kanonické rovnice, Princip virtualnich praci), pro kontinuum (obecna pohybova rovnice a
obecna rovnice rovnovahy kontinua), pro volné monochromatické elektromagnetické pole (pohy-
bova rovnice volného elektromagnetického pole)

4 v 4
Konkrétni popis Konkrétni popis Konkrétni popis volného
soustavy Sstic kontinua elektromagnetického pole

\ 4 A 4 \ 4

Pohybové stavy a jejich zmény u modell soustavy ¢astic (volna a vazana soustava, tuhé téleso),
u modell kontinua (Pascalova dokonala tekutina, Newtonova vazka tekutina, Euklidova tuha lat-
ka, Hookovo elastické kontinuum), u volného elektromagnetického pole s danou frekvenci
(obrovsky pocet nizkofrekvencnich fotonu — elektromagnetické vinéni, maly pocet vyso-
kofrekvencnich fotoni — usporadany tok castic)

\ 4

Jednoduché aplikace klasické mechaniky: Pfechod k newtonovskému formalismu

Jednoduché aplikace teorie elektromagnetického pole: Ztidla a viry pole (Maxwellovy rovnice,
skalarni a vektorovy potencial)

Spole¢na aplikace klasické mechaniky a teorie elektromagnetického pole: Lorentzova sila
a pohyb klasického elektronu v konstantnim elektromagnetickém poli
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Dodatek 5: Analyticko-synteticky model “Curriculum Research and
Development” — ptivod pojmi “kurikularni proces”
a “variantni forma kurikula”

Theory and Practice of Curriculum as Curriculum Research and Development, Assignments A-1, A-2
Implementation of primary analysis and synthesis

\ 4 \ 4 \ 4
Definition of cur- Philosophical line in theory Empirical and practical line in theory of cur-
riculum (DC) of curriculum (PL) riculum (EPL)
\ 4 \ 4 \ 4
DC-1., DC-2,DC-3 PL-1,PL-2, PL-3 EPL-1, EPL-2, EPL-3, EPL-4
\ 4 \ 4 \ 4
Choice — DC-3 General dimensionality of Solution of A-2:
PL-1-PL-3 Choice of practical-construction line within
EPL-1 — EPL-4 aimed at concrete procedures
v v of selection, structure and content of it what
) ) ) should be by content of school education (cur-
Solution of A—.I: Chglce Qf DC-3 and choice of gene- riculum development as constructing and for-
ral dimensionality of PL-1 —PL-3 mation of curriculum for purposes of practice)
A 4 \ 4

Primary synthesis:

- Useful approach for modern educational science within curriculum research — curriculum is taken as content of
education, curriculum has got several different forms of its existence and it means an approach to curriculum as
to variant phenomenon (J.Prlcha)

- Useful approach for modern educational science within curriculum development — development of curriculum
is taken as conversion of content of human knowledge to addressees of education, construction of anybody cur-
riculum is derived from possibilities of addressees of education and it means to construct especially subject mat-
ter by acceptable methods (W.Doyle, H.Spada, H.Mandl)

- Assignments A-3 — A-5, implementation of secondary analysis and synthesis

A y
Solution A-3 within curriculum research — systems Solution of A-4, A-5 within curriculum development
of forms of curriculum existence (SFEC) — theories of conversion of content of human
knowledge, structure and communicability of subject
matter (SCSM)
A y
SFEC-1, SFEC-2, SFEC-3, SFEC-4, SFEC-5 Theory of educational communication. Theory of
as solutions of A-3 contect pedagogy as solutions of A-4
SCSM-1 — SCSM-5 as solutions of A-5

Secondary synthesis:

- Hypothetical conceptions about variability of curriculum forms are in no way abstract. They are elaborated
both by theoretical way and by empirical way. For example, F.Achtenhagen (1992), W.Doyle (1992b, Con-
structing Curriculum in Classroom). Assignements A-6, A-7, A-8, A-9

- Implementation of terciary analysis and synthesis with objective to classify terms “Curricular Process” and
“Variant Form of Curriculum” in the frame of Curriculum Research and Development (on the basis of theories
educational communication and content pedagogy and on the basis of approach to curriculum as variant pheno-
menon — J.Brockmeyer, W.Doyle, J.Priicha)
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Abstract

This contribution is a scientific dissertation about the comparison the results of transformations of physics
knowledge piece with variant forms of curriculum existence. Organized sequence of physics knowledge piece
transformations is the expression of educational communication of physics, organized sequence of curriculum
variant forms is the expression of curricular process.

The main aim was to verify the idea that the results of transformations (inputs and outputs of each
transformation) of the physics knowledge piece can be identified with variant forms of curriculum. There was a
special state of subject education and physics education investigation leading to the formulation of this idea. The
communicative conception of physics education as an order of physics knowledge piece transformations was
defined in the Czech-Slovak conception (and maybe also in conjunction with continental Europe). Also the
interdisciplinary cooperation with physics science was pointed out. On the other hand, several forms of content
of education existence were described in Anglo-American conception. Thus the interdisciplinary collaboration
with educational science was pointed out.

The “assimilation” of physics education with physics in European conception on one side and the
“assimilation” of physics education with educational science in Anglo-American conception on the second side
led to the special phenomena: Anglo-American research quitted to use the concept “physics education” and
European research quitted to use the concept “physics didactics”.

Key Words
Subject education, Physics education, Educational science (Pedagogy)
Curricular process, Curricular process of physics
Curricular process of physics education, Curricular process of educational science
Form of existence of education content
Curriculum as variant phenomenon, Variant form of curriculum
Transformations of physics knowledge piece, Educational communication of physics
Inputs and outputs of transformations of physics knowledge piece
Conceptual curriculum
Intended curriculum
Projected curriculum
Implemented curriculum 1, Implemented curriculum 2
Attained curriculum
Methods of construction and representation of variant forms of curriculum
Hierarchical, Analytical synthetic, Matrix, and Micromatrix modeling
Triangular, and Level modeling
Structure of variant form of curriculum
Structural conception of physics education

1. Transformations in Educational Communication of Physics

The educational communication of physics is the subject of physics education in the
communicative conception (this includes also methodic, integrative and application conception). The
physics education is a whole continuous process of forwarding and negotiation of results and methods
of physics knowledge to the sense of individuals, who are not directly bounded with the knowledge
creation. This process is leading to the transfer of physics knowledge to the sense of whole society [1].
This process is done by various participants with educational intention and includes not only the
teaching and education in all levels of educational system, but also lifelong studies carried out
institutionally and information transfer from physics science to society.

The physics knowledge piece undergoes several transformations during the educational
communication [2], [3]. Physics education has to follow the whole way of physics knowledge transfer
and thus is passed through totally different areas of thinking, investigation and locution, which
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approximately come up to mentioned physics knowledge transformation. These are the basic
problematic areas of physics didactics.

The basic problematic areas of physics didactics are: the scientific system of physics, the
educational system of physics, instructional project — instructional process, the results of instruction
and their evaluation. Also the teacher’s preparation of physics and methodology of physics education
belong to this group of problematic areas of physics education. The transformations of physics
knowledge piece and inputs and outputs of each transformation define these basic problematic areas of
physic education[2], [3], [1]).

Physics conceptual-knowledge systems undergo several forms of existence during the educational
communication of physics and gain this forms of existence in transformations T1 to T5 [2].

The survey of transformations could be described according to Brockmeyer, 1982 and Tarabek,
Zaskodny, 2006 and 2007, respectively following way:

Transformation T1 (input — output)
Input T1: Scientific system of physics — Output T1: Scientific system of physic from the point of
view of its communication.

Transformation T2 (input — output)
Input T2: Scientific system of physic from the point of view of its communication — Output T2:
Educational system of physics and its content.

Transformation T3 (input — output)
Input T3: Educational system of physics and its content — Output T3: Instructional project of physics
and its textbook.

Transformation T4 (input — output)
Input T4: Instructional project of physics and its textbook, preparedness of teacher — Output T4:
Results of physics education.

Transformation TS (input — output)
Input T5: Results of physics education — Output T5: Applied results of physics education.

2. Choose of Variant Forms of Curriculum

Interdisciplinary cooperation of physics education and physics is integrated with described
sequence of transformations T1 — TS5 of physics knowledge piece. There are three questions bounded
with these transformations:

The question number one: How to create, express and figure inputs and outputs of transformations
T1 to T5? How to create, express and figure the scientific system of physics to be communicable?
How to create, express and figure the educational system of physics, its aims and content? How to
create, express and figure the elements of instructional project of physics, mainly textbook? How to
figure the preparedness of teacher for education? How to negotiate the knowledge to students to make
it their own knowledge, and how to find, figure and evaluate the achieved results of physics education?
How to find, figure and evaluate the applicability of achieved physics knowledge?

The question number two: How is the educational dimension of physics education related to the
physics dimension of physics education? If the physics and educational dimension of physics didactics
are joined by physics knowledge piece transformations, which educational constructs can be used for
each transformation description?

The question number three: Could we the first two questions consider as important also for subject
education in the case of another science disciplines, eventually also for subject education of another
totally different specializations (e.g. technical, economical etc.)?

There is a common answer for these three questions. This is based on the interdisciplinary
cooperation with physics science, besides also on the interdisciplinary cooperation with educational
science (pedagogy). The common content of education and content of physic education are bounded
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with the variant forms of curriculum as forms of existence of physics education content, and with the
way of expression and construction of these types of curriculum by effective educational constructs
(i.e. effective modeling of education content in its variant forms of existence).

The tasks which can be solved only by physics education and which are besides the scientific
independence of physics education also the expression of interdisciplinary cooperation of physics
education with especially educational science and physics science are following:

a) definition of variant forms of curriculum typical for physics as a school subject and their
identification as inputs and outputs of transformations T1 to T5 of educational communication
of physics,

b) connection of these variant forms of curriculum into curriculum process of physics as a
sequence of linked together inputs and outputs of transformations T1 to TS5 of educational
communication of physics,

c) sequent transformation of scientific system of physics into defined variant forms of curriculum
within the curriculum process of physics (i.e. construction and expression of each variant
form of curriculum),

d) takeover of endogenous and exogenous aspect of educational process and their application
within some transformations between appropriate variant forms of curriculum.

We can perform the modification of the survey of variant forms of curriculum identified in
literature to interconnect the transformations T1 to TS with variant forms of curriculum [4], [5] Czech
literature. We can respect the relationships with five conceptions of curriculum [6], [4] and with
transformations T1 to TS5 during these modifications.

Following selection of variant forms of curriculum is the expression of interdisciplinary
cooperation of physics education especially with educational and physics science.

Conceptual curriculum

Variant form of curriculum in literature: Conceptual form (the conception of the education content in
schools).

Curriculum conception: The conception which is focused to the structure of scientific knowledge
(structured and communicable set of knowledge of particular sciences).

Transformation of physics knowledge piece: This form can be connected with transformation T1.
Conceptual curriculum can be identified with the result of transformation T1.

Intended curriculum

Variant form of curriculum in literature: Intended curriculum — planned goals and content of education
with explicit definition in curriculum documents (curriculum, textbooks). There are three categories of
content: content of education itself, its operational level (the actions of students and teachers e.g.
during solving suitable types of tasks), prospects level (planned changes of student’s attitudes,
interests and motivation).

Curriculum conception: Conception is focused on structure of knowledge (curriculum — content — as a
structured set of knowledge of particular sciences optimized for abilities of students). This conception
is also based on development of cognitive processes (the ability of thinking is more than the list of
facts!).

Transformation of physics knowledge piece: This form can be connected with transformation T2.
Intended curriculum can be identified with the result of transformation T2.

Projected curriculum and Implemented curriculum 1

Variant form of curriculum in literature: Project and realization form (concrete planned projects of
content of education, the content of education presented to the subjects of education).

Curriculum conception: This conception is focused on the technologies of education (the method of
forwarding is in the centre of knowledge).

Transformation of physics finding: These forms can be identified with the result of transformation T3.
The expecting result of transformation T3, “Projected curriculum”, can be extended to a new variant
form of curriculum bounded with preparing of teacher for education. This has not been mentioned in
literature yet. This new variant form of curriculum can be named “Implemented curriculum 1” and
thus it can be divided from variant form of implemented curriculum connected with subject of matter
took over by learners (Projected curriculum and Implemented curriculum 1).
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Implemented curriculum 2

Variant form of curriculum in literature: Resulting form (content of education accepted with the
subjects of education).

Curriculum conception: Conception is based on self-realization of learner (to give the learner the space
to investigate the world with his own action, to start with his interests).

Transformation of physics knowledge piece: This form can be identified with transformation T4. We
can identify implemented curriculum as a content of education accepted with the subjects of education
with the result of transformation T4. Implemented curriculum is in terms of this analysis of variant
forms of curriculum divided into Implemented curriculum 1 (identified with transformation T3) and
Implemented curriculum 2 (identified with transformation T4).

Attained curriculum

Variant form of curriculum in literature: Effect form as an achieved curriculum (the content of
education operating on the side of subjects of education), the form of acquired knowledge modified by
learners in the term of their own experiences and interests.

Curriculum conception: The conception of society reparation (to solve the problems of society by
education).

Transformation of physics knowledge piece: This form can be connected with transformation TS5.
Attained curriculum can be identified with the result of transformation T5 as a permanent component
of education.

3. The Definition of Curricular Process of Physics

According to Pricha there is a problem of agreement in the case of five conceptions of curriculum
[4], [6]. We can assume that if the subject of physics education is the educational communication of
physics [1], the problems with agreement could be relative easily replaced. Particular conceptions of
curriculum and particular variant forms of curriculum “only” express different transformations of
physics knowledge piece. From this point of view, the partial conceptions of curriculum would
cooperate very well. By the way the approach to curriculum as a variant phenomenon was worked up
in the eighties in the Czech Republic [7]. The discovery of the educational communication of physics
[1] and its structural interpretation through transformations T1 to T5 [3] can confirm the benefit of the
approach to curriculum as a variant phenomenon. This confirmation can be done by the
interconnection of conceptions and particular forms of curriculum. Also the important role of the
physics education as a one of the subject education is shown nowadays — physics education (physics
didactics) is defined as an independent scientific subject. This definition and identification is made
right through the curricular dimension. Curricular dimension of physics education (bounded with
cognitive structural methods of construction and expression of particular variant forms of curriculum)
can be also the way to structural conception of physics education.

The sequent development of variant forms of curriculum is as “an analysis of knowledge and
method of knowledge acquiring by students” newly defined as curricular process [5]. We can identify
the curricular dimension of physics with curricular process of physics by application of this
nomenclature.

The educational communication of physics and curricular process of physics represent sequence of
inputs and outputs of transformations of physics knowledge piece T1 to TS, as well as sequence of five
variant forms of curriculum (conceptual, intended, projected, implemented divided into implemented
curriculum 1 and implemented curriculum 2, and attained curriculum).

Curricular process can be defined as an order of consequential and transformational system of
variant forms of curriculum (the first and the only “non-curricular” element of this system is the
content of physics science as a scientific system of physics, transformational sequence is described
with arrows—).

Scientific system of physics — Conceptual curriculum

Conceptual curriculum — Intended curriculum

Intended curriculum — Projected curriculum and Implemented curriculum 1
Projected curriculum and Implemented curriculum 1 — Implemented curriculum 2
Implemented curriculum 2 — Attained curriculum
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The connection of curricular process of physics with the transformations of educational
communication of physics can be described with following scheme:

Transformation T1 (input — output)
Input T1: Scientific system of physics — Output T1: Scientific system of physic from the point of
view of its communication as Conceptual curriculum.

Transformation T2 (input — output)
Input T2: Scientific system of physic from the point of view of its communication — Output T2:
Educational system of physics and its content as Intended curriculum.

Transformation T3 (input — output)
Input T3: Educational system of physics and its content — Output T3: Instructional project
of physics and its textbook as Projected curriculum and Implemented curriculum 1.

Transformation T4 (input — output)
Input T4: Instructional project of physics and its textbook, preparedness of teacher — Output T4:
Results of physics education as Implemented curriculum 2.

Transformation T5 (input — output)
Input T5: Results of physics education — Output T5: Applied results of physics education as Attained
curriculum.

The description of the curricular process of physics id not only the expression of interdisciplinary
cooperation with educational and physics science. The description is also the definition of important
part of physics education. We can also search the answer for the following question: Is it possible to
generalize the described importance of curricular dimension of physics education and find the way of
its application to subject educations of science education or other specializations? Considering some
works [8], [9], [10], [11], [12], our answer will not be negative.

4. Conclusion

This contribution presents the experimental fusion of European education tradition and Anglo-
American curricular tradition. This experiment would not have been performed without revolutionary
theoretical work of Professor Jitka Fenclova-Brockmeyer. Her lifelong work must be honored. The
authors tried to verify the idea, that the educational communication of physics as a sequence of
transformation of physics knowledge piece T1 to T5, which was described by Professor Fenclova-
Brockmeyer, is on the summary of inputs and outputs the sequence of consequential variant forms of
curriculum:

a) Conceptual curriculum as an expression of communicable scientific system of physics,

b) Intended curriculum as an expression of educational system of physics,

¢) Projected curriculum and Implemented curriculum 1 as an expression of instructional project
of physics and preparing of teacher for education,

d) Implemented curriculum 2 as an expression of results of physics education (outputs of physics
education) in the sense of learners within physics instruction,

e) Attained curriculum as an expression of permanent component of education and its application
as an effect of physics education (expression of applicable outputs of physics education).

The main goal of the contribution can be considered as verified. More detailed verification is
connected with the investigation of construction and expression of particular variant forms of
curriculum as particular components of curricular process in physics education.

The authors tried to contribute to the discussion about the solving of problem defined by Pricha.
This problem is connected with five conception of curriculum in Anglo-American curricular science.
We can think that the educational communication of physics and its curricular process are possible
solution of the problem and offer the consensus among supporters of particular curricular conception.
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Abstrakt

Praca uvadza vysledky dosiahnuté v ramci komunikacénej koncepcie odborovych didaktik v roku 2008. Komunika¢na
koncepcia odborovych didaktik je teoretickym konstruktom, ktory integruje koncepciu didaktickej komunikacie vedec-
kych a technickych disciplin charakterizovanti fazami a didaktickymi transformaciami a koncepciu kurikularneho pro-
cesu charakterizovanu variantnymi formami kurikula.
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Abstract

The paper describes results in integration of the didactic communication of science and the curricular process of scien-
ce in the year 2008. Didactic communication of science is a continuous process of transfer of scientific knowledge
and methods into the minds of learners and is characterized by the didactic phases PO to P6 and the sequence of di-
dactic transformations DT1 — DT6, where FO is “non-didactical member of this sequence. The last “non-didactical”
members T7 & P7 as effects of education in the society are connected to the didactic communication.

Phase PO is the scientific system.

Transformation DT1 = scientific system — conceptual model of a given science (F1)

Phase P1: conceptual model of a given science communicable to teachers and curriculum makers

Transformation DT2 = conceptual model (P1) — didactic system (P2)

Phase P2: didactic system — content of education adapted to the cognitive level of learners

Transformation DT3 = didactic system (P2) — educational project (P3)

Phase P3: educational project — curriculum specified in syllabus, course of study, textbooks

DT4 (educational process) = educational project (P3) — operational/realized curriculum (P4)

Phase P4: operational curriculum realized in teaching and instruction process

Transformation DTS5 = operational curriculum (P4) — outcomes of education (P5)

Phase P5: outcomes of education — knowledge, skills, competencies and attitudes of learners

Transformation DT6 = outcomes of education (P5) — applicable outcomes of education (P6)

Phase P6: applicable outcomes of education — knowledge and skills of learners applicable in practice;

Transformation T7: applicable outcomes of education (P6) — effects of education in the profession and the daily life of
a person (P7)

Curricular process is the sequence of variant forms of curriculum mutually interconnected by the curriculum

transformations CT1 — CT6:

CT1 = scientific system — conceptual curriculum,

CT2 = conceptual curriculum — intended curriculum,

CT3 = intended curriculum — project curriculum,

CT4 = project curriculum — operational curriculum,

CT5 = operational curriculum — implemented curriculum,

CT6 = implemented curriculum — attained curriculum.

The components of the curriculum are as follows:

e the intentional component comprises the philosophy, conception, aims, objectives, and goals of education,

e the content knowledge component comprises the variant forms of conceptual knowledge systems of science that
are also called the content knowledge of a given subject (in phases 2 — 5),
the methodical component comprises the methods and forms of teaching and instruction,
the cognitive component comprises knowledge of cognitive psychology and science used in the curriculum proc-
ess (e.g. perception and cognition of learners in the instruction process, structure of concepts and knowledge to be
taught) and also information about the cognitive level of the learners’ concepts and knowledge, methods of adapta-
tion of scientific knowledge to the cognitive level and input knowledge of learners, etc.,
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e the pedagogical component comprises the pedagogical content knowledge of teachers, curriculum makers, text-
book creators and designers, and also the pedagogical knowledge concerning the teaching, instruction, learning,
etc.,

e the efficiency component comprises the methods and tools of detection, assessment, and evaluation of knowledge,
skills, and competencies,

e the organizational component comprises an external organization of education (kinds of schools, organizational
forms of education, financial and legal components of educational system, etc.).

Key words

Didactic communication, didactic transformation, knowledge transformation, conceptual knowledge system, curricu-
lum, curricular process, curriculum transformations, variant forms of curriculum

1. Uvod

V priebehu rokov 1982 — 2005 boli publikované stadie formujtice a rozvijajice komunika¢nu koncep-
ciu didaktiky fyziky (Fenclova, 1982; Fenclova, Bednatik, Pllpan, Svoboda, 1984; Brockmeyerova, 2002;
Tarabek, Zaskodny a kol., 2002, 2003, 2004, 2005). V ramci komunikacnej koncepcie je predmetom didak-
tiky fyziky didaktickda komunikacia fyziky — cely suvisly proces odovzdavania vysledkov a metéd fyzi-
kalneho poznania do vedomia jednotlivcov, ktori sa na vzniku poznania nepodiel’ali.

Po roku 2000 bola formovana komunika¢na koncepcia odborovych a predmetovych didaktik predo-
vietkym v didaktikach prirodovednych predmetov a ekonomiky (Fenclova-Brockmeyerova, Capek, Kotasek,
2000; Brockmeyerova 2002; Tarabek, ZaSkodny a kol., 2002; Tarabek, Zaskodny, Pavlat, Skrabankova
a kol., 2003; Kotasek, 2004; Tardbek, Zaskodny, Simonik, Skrabankova a kol., 2005) a v priebehu posled-
nych rokov bola komunika¢nad koncepcia dopracovana do systémovej podoby (Tarabek, Zaskodny, 2006;
Brockmeyerova, Tarabek, 2007; Tarabek, 2007; Zaskodny, 2007a; Adamcikova, Tarabek, 2007, 2008a,
2008b). V ramci komunikaénej koncepcie odborovej didaktiky je didaktickd komunikacia poznatkov danej
vedy/odboru charakterizovana variantnymi formami pojmovo poznatkového systému danej ve-
dy/odboru, ktoré st prepojené poznatkovymi transformaciami. Odborova aj predmetova didaktika musi
sledovat’ celu cestu transformacie pojmov a poznatkov prislusnej vedy/odboru, pricom variantnym formam
pojmovo poznatkového systému zodpovedaju kvalitativne odlisné fazy didaktickej komunikacie. V sulade
s poznatkovymi transformaciami pojmovo poznatkového systému rozliSujeme aj didaktické transformacie
v didaktickej komunikacii (DK) prislusnej vedeckej alebo odbornej discipliny. Fazy a didaktické transfor-
macie tvoria etapy didaktickej komunikacie danej vedy/odboru.

Po roku 2000 sa v Ceskej republike postupne formovala koncepcia variabilného pojatia kurikula,
v ramci ktorej nie je kurikulum vnimané ako staticky jav, ale ako fenomén prechadzajici réznymi fazami
svojej existencie, ktoré su prepojené transformaciami (Pricha, 2002, 2006; Manak 2007). Prva teoreticka
koncepcia kurikula ako variantného fenoménu bola predlozena priblizne v rovnakom ¢ase ako komunikacna
koncepcia didaktiky fyziky (Pricha, 1983). Koncepcia variantného kurikula nadvézuje na americku koncep-
ciu tedrie vzdelavania (Bobbit, 1918, 1928; Kelly, 2004; Rohlehr, 2006; Smith, 1996, 2000; Stenhouse,
1975; Westbury, 2008; Adamcikova, Tarabek, 2008c; Tarabek, 2008b). Didakticka komunikacia vychadza
z europskej koncepcie odborovych didaktik popisanej v pracach (Fenclova, 1982; Mohlenbrock, 1982;
Fenclova-Brockmeyerova, Capek, Kotasek, 2000; Jelemenska, Sander, Kattmann, 2003; Kotasek, 2004;
Prtcha, 2002; Tarabek, Zaskodny, 2006). V pracach (Zaskodny, 2007a, 2008; Adamcikova, Tarabek, 2008¢;
Tarabek 2008a, 2008b) bola konstatovana zhoda medzi variantnymi formami kurikula a fazami didakticke;j
komunikécie fyziky a prirodnych vied.

V priebehu roku 2008 bola teoretickd koncepcia didaktickej komunikacie vedy integrovana
s koncepciou variabilného pojatia kurikula ako kurikularna koncepcia odborovych didaktik
a prezentovana na viacerych zahrani¢nych a domacich konferenciach:

1. Adamcikova, V., Tarabek, P. (2008). Ucebnice a variatni formy kurikula. (Textbooks and Variant Forms
of Curriculum). Konferencia Kurikulum a ucebnice z pohledu pedagogického vyzkumu, June 25 — 26,
2008. Brno: Centrum pedagogického vyzkumu, Pedagogicka fakulta, Masarykova Universita.

2. Tarébek, P. (2008). Variantni formy kurikula z hlediska didaktické komunikace v ptedmétovych didak-
tikach (Educational Communication of Science and Curricular Process in Science Education), Konfe-
rencia: Kurikulum a ucebnice z pohledu pedagogického vyzkumu (Curriculum and textbooks form the
light of educational research), June 25 — 26, 2008. Brno: Centrum pedagogického vyzkumu, Pedagogic-
ka fakulta, Masarykova Universita.
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3. Zaskodny, P. (2008) Didaktickd komunikace a kurikularni proces fyziky. Konferencia: Kurikulum
a ucebnice z pohledu pedagogického vyzkumu, 25 — 26. jina 2008. Brno: Pedagogicka fakulta, Masary-
kova Universita.

4. Tarabek, P. (2008). Curricular Process and Communicative Conception in Physics Education. Physics
Education Research Conference PERC 2008, Contributed Poster Session, Edmonton, Canada: Universi-
ty of Alberta, Canada.

5. Adamcikova, V., Tarabek, P. (2008). Educational Communication and Curriculum Process in Physics
Education. GIREP 2008 International conference, Nicosia, CY: University of Cyprus.

6. Tarabek, P. (2008). Curriculum Process Conception in the Light of Carl Wieman Science Education
Initiative. Konferencia s medzindarodnou ucastou DIDFYZ 2008, 15.-18. oktobra 2008, Rackova dolina.
Nitra: Prirodovedecka fakulta Univerzita KonStantina Filozofa.

7. Tarabek, P. (2008). Kurikularny process v predmetovych didaktikach — okruhly stél, konferencia /novda-
cie v Skole 2008.

Podnety, otazky, kritické a recenzné pripomienky viedli ku korekciam, k doplneniu a dopracovaniu vys-
Sie uvedenej teoretickej koncepcie. Tato praca predklada nacért Struktiry komunikaénej koncepcie odboro-
vych didaktik ako integracie didaktickej komunikacie vedy a teoretickej koncepcie kurikularneho procesu,
pricom su zohl'adiiované pedagogické teorie didaktickej redukcie a sprostredkovania vedeckych poznatkov
(Knecht, 2007), didaktickej transformacie (Mdohlenbrock, 1982; Skalkova, 1999) vratane onto-
a psychodidaktickej transformacie (Helus, 2007; Janik, Slavik, 2007), didaktickej rekonstrukcie (Jelemen-
ska, Sander, Kattmann, 2003) a didaktickej znalosti obsahu (Shulman, 1987; Janik, 2007).

2. Didakticka komunikacia vedy

Predmetom didaktiky danej vedeckej discipliny/odboru v komunikaé¢nej kon-
cepcii (zahrnujicej aj metodické, aplikaéné a integracné ponatie odborovej didaktiky) |(§
je didakticka komunikacia (DK) prislusnej vedy/odboru. Didaktickd komunikacia
danej vedy/odboru je cely suvisly proces odovzdavania a sprostredkovania vysledkov
a metdd vedeckého/odborného poznania do vedomia jednotlivcov, ktori sa na vzniku |prof. Jitka Bmmyemvé
poznania nepodiel’ali. Tento proces je konany réznymi aktérmi so vzdeldvacimi in- a Pavol Tarabek
tenciami a zahrnuje nielen vzdeldvanie a vyucbu na vietkych Grovniach $kolskej L_Praha28. mdja2009
sustavy, ale aj celozivotné vzdelavanie realizované institucionalne. Didaktickd komunikacia vedy tvori
didakticky most medzi vedeckymi poznatkami aich mentalnymi reprezentaciami v mysliach edukantov
(Brockmeyerova, Tarabek, 2007). Doélezitou vlastnost'ou didaktickej komunikacie vedy je dvojsmernost’ —
kazda z jej faz ma spatnu vdazbu korigujicu transformacny proces. Didaktickd komunikacia vedy (DKV) je
modelom reprezentujiicim predmet odborovej didaktiky v komunika¢nej koncepcii.

Predmetova didaktika sa v procese didaktickej komunikécie zaobera vedeckym systémom danej vedec-
kej discipliny, ktory je tvoreny vedeckym pojmovo poznatkovym systémom (VPPS) zahrnujucim vedecké
pojmy a poznatky — fakty, zakony, principy, teodrie, ako aj poznavacie metédy. Pojmovo poznatkovy sys-
tém ° danej vedy nadobuda v priebehu didaktickej komunikécie niekol’ko odlidnych variantnych foriem
a podstupuje niekol’ko vyraznych transformacii — nazyvame ich poznatkové transformacie (pozri obr. 2).
Predmetova didaktika musi sledovat’ celil cestu odovzdavania vedeckého poznania, pricom variantnym for-
mam pojmovo poznatkového systému danej vedeckej discipliny/odboru zodpovedaju kvalitativne odlisné
fazy didaktickej komunikacie F1 — F6. V stlade s poznatkovymi transformaciami pojmovo poznatkového
systému rozliSujeme aj didaktické transformacie v didaktickej komunikacii danej vedy/odboru DT1 — DT6
(pozri obr. 1). Fazy a didaktické transformacie v didaktickej komunikacii tvoria etapy didaktickej komu-
nikacie. Fazy didaktickej komunikécie zodpovedaju fazam kurikularneho procesu a didaktické transforma-
cie zodpovedaju kurikularnym transformaciam (pozri kap. 3 a obr. 3).

Termin didakticka transformacia sa pouziva v didaktike na vyjadrenie procesu pretvarania
a transforméacie vedeckych a odbornych poznatkov na ucivo zrozumitel'né ucitel'om a edukantom vzhl'adom
na koncepciu a ciele vzdelavania ako aj poznatkovu a kognitivnu trovenn edukantov, ako to ukazuju nizsie
uvedené citacie.

Termin didakticka transformacia pouzivany v tejto praci zodpovedad zauzivanému vyznamu, je vSak
Specifikovany konkrétnejsie, a to tak, Ze oznacuje jednotlivé transformacné etapy kurikularneho procesu
resp. didaktickej komunikacie vedeckych a technickych disciplin.
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Citacie:

e . Vybér a strukturovani vzdélavaciho obsahu se neda oddélit od procesu pretvareni vzdélavaciho obsahu
do podoby uciva. Tato didakticka transformace védeckého nebo uméleckého poznatku do uciva pre-
zentovaného zaktim je podle naSeho nazoru jadrem profesni ¢innosti didaktika a ucitele (Trna, Janik,
2006).

e _Na poli didaktiky se mizeme setkat s n€kolika modely procesu zprostiedkovani védeckych poznatki
zakim. Snahu o pfizpiisobeni vzdélavacich obsahli poznavacim schopnostem zakt miizeme nalézt jiz u
Komenského, obdobna doporuceni lze nalézt v dilech Pestalozziho, Herbarta a zejména reformnich pe-
dagogli. V soucasnosti unas tento proces nejcastéji oznacujeme pojmem didakticka transformace.
(Knecht, 2007)*

e Mohlenbrock (1982) oproti tomu definoval didaktickou transfornmaci jako ,pieneseni daného, z
didaktického hlediska peclivé vybraného védeckého obsahu (transformandum), do podoby zjednoduse-
né¢ho a pro zéky srozumitelného vzdélavaciho obsahu (transformat), s prihlédnutim k receptivnim a
kognitivnim vlastnostem zéka i vzdélavacim cilim vztazenych k tomuto vzdélavacimu obsahu® (Knecht,
2007).

e ,Obsah, jemuzZ se vyucuje, nelze chapat jako zjednodusené, redukované, degradované poznani, ale je
tieba jej chapat jako rekonstruované, specifi cké poznani. Predpoklada se, ze pojeti vyucovaciho pied-
métu i pfi nezbytné didaktické transformaci bude v principu odpovidat soudobému pojeti dané vycho-
zi discipliny (Skalkova 2006; Knecht, 2007)*.

Helus (2007) rozliSuje ontodidakticku transformaciu spolocenskej skusenosti do vzdelavacich obsa-
hov —t.j. do projektovej formy znalostného resp. vzdelavacieho obsahu v terminoldgii tejto prace (kapitola 3,
faza 3, obr. 3) a psychodidakticka transformaciu vzdelavacieho obsahu do uciva vzhl'adom na dosiahnuta
uroven kognitivneho a poznatkového vyvoja edukantov, ¢o zodpoveda realiza¢nej forme znalostného resp.
vzdelavacieho obsahu v terminologii tejto prace (kapitola 3, faza 4, obr. 3). Psychodidakticka transformacia
sucasne zodpoveda adaptacnej etape C. 2 kurikuldarneho procesu — kurikuldrnej transformacii KT2
a realizacnej etape €. 4 kurikularneho procesu — realiza¢nej transformacii KT4 (kapitola 3, obr. 3).

3. Teoreticka koncepcia kurikularneho procesu

Teoreticky model reprezentujuci predmet odborovej didaktiky v kurikularnom ponati je koncepcia ku-
rikularneho procesu. Model vychadza z komunikacnej koncepcie odborovych didaktik a bol spracovany na
zéaklade prac (Pricha 2002, 2006; Manak 2007; Trna, Janik, 2006; Zaskodny 2007a, 2007b; Brockmeyerova,
Tarabek, 2007; Adamc¢ikova, Tardbek 2007, 2008; Tarabek 2007; Kurajova-Stopkova, Kuraj, 2006). Pred-
metom odborovej didaktiky v ramci kurikularnej koncepcie je kurikularny proces danej vedy/odboru —
cely komplexny proces odovzdavania a sprostredkovania vysledkov a metod vedeckého/odborného pozna-
nia do vedomia jednotlivcov, ktori sa na vzniku poznania nepodielali. Tento proces je realizovany prostred-
nictvom transformacii variantnych foriem kurikula resp. faz (rovin) kurikularneho procesu. Transfor-
macny proces nie je jednosmerny, pretoze jednotlivé jeho komponenty s korigované spatnou vézbou. Kuri-
kularny proces danej vedy/odboru tvori didakticky most medzi vedeckymi/odbornymi poznatkami a ich
mentalnymi reprezentaciami v mysliach edukantov.

Predmetova didaktika sa v kurikularnom procese zaobera vedeckym systémom danej vednej discipliny,
ktory je tvoreny vedeckym pojmovo poznatkovym systémom zahrnujucim vedecké pojmy a poznatky —
fakty, zakony, principy, tedrie, ako aj poznavacie metody ». Pojmovo poznatkovy systém danej vedy/odboru
nadobuda v priebehu kurikularneho procesu odlisné formy, ktoré nazyvame variantné formy znalostného
obsahu danej vedy/odboru (variant forms of content knowledge). Tieto formy st prepojené poznatkovymi
transformaciami znalostného obsahu (pozri obr. 3).

Predmetova didaktika musi sledovat’ celt cestu odovzdavania vedeckého poznania, priCom formam
pojmovo poznatkového systému danej vednej discipliny/odboru — variantnym formam znalostného obsahu —
zodpovedaju kvalitativne odlisné fazy kurikularneho procesu, ktoré su nazyvané aj variantné formy ku-
rikula (Pricha 2002, 2006; Manak 2007; Zaskodny 2007; Tarabek, 2007). Variantné¢ formy znalostné¢ho
obsahu tvoria obsahovy komponent kurikula. Variantné formy kurikula sii okrem obsahového komponentu
tvorené aj d’al§$imi komponentmi kurikula — intencionalnym (zamery, koncepcia, ciele vzdelavania), meto-
dickym (metodika vyucby), pedagogickym a didaktickym (didaktick4 znalost’ obsahu u edukatorov, metodi-
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kov, tvorcov kurikula aucebnic), kognitivnym (kognitivna uroven edukantov, adaptacné metody)

a organiza¢nym (organizacia vyucby, formy vzdelavania, formy a typy $kol, financné a pravne prostredie).
Kurikularny proces (KP) je tvoreny sekvenciou variantnych foriem kurikula a prebiehaju v iom dva

rozpoznateI'né transformacné procesy:

1. Prvym transformacnym procesom je sekvencia variantnych foriem znalostného obsahu danej ve-
dy/odboru, ktoré su prepojené poznatkovymi transformaciami PT1 — PT6 (pozri obr. 3). Variantné
formy znalostného obsahu zodpovedajii variantnym formam pojmovo poznatkovych systémov > danej
vedy/odboru (obr. 2).

2. Druhym transforma¢nym procesom je sekvencia variantnych foriem resp. faz kurikula FO — F6, ktoré
su prepojené¢ kurikularnymi transformaciami KT1 — KT6 (resp. didaktickymi transformaciami
DT1 — DT®6, pozri obr. 1 a 3).

3.1 Fazy kurikularneho procesu a kurikularne transformacie

Faza F0 je vedecky/odborny systém tvoreny vedeckym pojmovo poznatkovym systémom (VPPS) daného

odboru .

Kurikularna transformacia KT1 = vedecky/odborny systém — konceptualne kurikulum (F1)

V procese kurikularnej transformacie KT1 sa najprv vytvara komunikativny vedecky pojmovo poznat-
kovy systém, ktory je zrozumitelny pre tvorcov konceptualneho, zamysl'aného a projektového kurikula.
Komunikativny vedecky pojmovo poznatkovy systém je urCeny aj ucitelom a Studentom pedagogickych
fakalt — budiacim ucitelom. Tento systém sa v procese didaktickej analyzy a syntézy d’alej transformuje na
konceptualnu formu znalostného obsahu danej vedy/odboru, ktora je vyberom pojmov a poznatkov danej
vedy z hladiska vychodiskovej koncepcie vzdelavania. Vychodiskova koncepcia vzdelavania a konceptual-
na forma znalostného obsahu tvoria konceptualne kurikulum ako celok. Transformaciu T1 teda tvoria dve
subtransformacie: komunikacna (vedie na komunikativny VPPS) a konceptualna, ktord vedie na konceptu-
alnu formu kurikula danej vednej discipliny/odboru.

Faza F1 je konceptualne kurikulum, ktor¢ je tvorené dvomi komponentmi:

1. konceptuilna forma znalostného obsahu danej vedy/odboru — konceptualny model vedeckého systé-
mu daného odboru vytvoreny ako vyber a usporiadanie pojmov a poznatkov komunikativneho vedecké-
ho pojmovo poznatkového systému danej vedy/odboru z hl'adiska vychodiskovej koncepcie vzdelavania.
Konceptualny model je vytvoreny z komunikativneho vedeckého pojmovo poznatkového systému po-
mocou konceptualnej transformécie.

2. vychodiskova koncepcia vzdelavania vratane filozofie kurikula, jeho vychodiskovych zamerov a cielov.

Kurikularna transformacia KT2
KT2 = konceptualne kurikulum (F1) — zamys$Pané kurikulum (F2)

Tvorba zamyslaného kurikula predpokladd vyjasnenie povahy vedeckych/odbornych poznatkov
z hl'adiska naroc¢nosti ich osvojovania. Konceptudlna forma znalostného obsahu je v priebehu didakticke;
a kognitivnej analyzy a syntézy adaptovana na kognitivnu uroven adresatov vzdelavania, ¢im sa vytvori
didakticka forma znalostného obsahu danej vedy/odboru.

3) Pojmovo poznatkové systémy (PPS) st tvorené systémom pojmov a poznatkov, ako aj vézieb medzi nimi, ktoré vytvaraja
Struktaru PPS. RozliSujeme externé a interné PPS.
Vedecké/odborné externé pojmovo poznatkové systémy (VPPS) st vysledkom poznavacieho procesu spolocenstva vedcov
a odbornikov v danej vedeckej/odbornej discipline. Su tvorené systémom vedeckych pojmov, vedeckych faktov, zdkonov, prin-
cipov a teorii, ich aplikacii a interpretacii, d’alej systémom operacnych/proceduralnych poznatkov — poznavacich, modelovacich,
aplikac¢nych a interpretacnych metod a postupov, ktoré dana vedecka/odborna disciplina pouziva. Sucastou vedeckych pojmovo
poznatkovych systémov je vedecky obraz sveta (z pohl'adu prislusnej vedeckej discipliny), ktory je systémom obecnych pred-
stav o realite konzistentne spojeny s vedeckymi poznatkami a formulovany obvykle v prirodzenom jazyku rozsirenom o vedec-
ké pojmy.
Interny (mentalny) pojmovo poznatkovy systém (IPPS) je vysledkom individualneho poznavacieho procesu. Je to systém
pojmov a poznatkov, ktoré si poznavaci subjekt vytvara resp. ziskava v procese vychovy, vzdelavania, pozorovanim, prostred-
nictvom empirickej skusenosti, ako aj cielavedomym experimentovanim a vlastnym myslenim. Pod poznatky zarad’'ujeme aj
teoretické i praktické znalosti a to nielen deklarativne ale aj operaéné/proceduralne.
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Fazy didaktickej komunikacie vedy

Vychodiskova faza FO — Vedecky systém
daného vedeckého odboru (VS)

U DT1

Faza F1 — Konceptualny model (KM) je
vyber prvkov komunikativneho VPPS a ich
usporiadania z hl'adiska vstupnej koncepcie

vzdelavania.
U DT2

Faza F2 — Didakticky systém (DS) dangj
vedy je tvoreny didaktickym pojmovo poznat-
kovym systémom (ktory obsahuje i didaktic-
ké modely poznavacich metod), didaktickou
koncepciou zamerov a ciel'ov edukacie ako aj
informaciami o kognitivnej Grovni edukantov.

U DT3

Faza F3 — Edukaény projekt (EP) danej
vedy je tvoreny ucivom, sustavou cielov
vzdeldvania, doporu¢enymi metodickymi
postupmi a didaktickymi prostriedkami, in-
formaciami o vstupnych poznatkoch edukan-
tov a kvalifikacii edukatorov, so zretelom na
stav edukacnej sustavy.

J\/L DT4 & DTS

Faza F5 — Vystupy edukaéného procesu

a ich hodnotenie — znalosti, sposobilosti

a kompetencie edukantov na konci edukac-
ného procesu alebo jeho etapy a ich hodnote-
nie na zéklade vzdelavacich (vedomostnych a
znalostnych) Standardov.

Faza F6 — aplikovate'né vystupy edukac-
ného procesu s vedomosti, znalosti

a kompetencie edukantov aplikovatel'né v pra-
xi. Ich hodnotenie je zalozené na tispechu
absolventov v ich kariére a osobnom Zivote.

[+

Faza F7 — efekty edukacie vznikaju vyuziva-
nim vysledkov edukaéného procesu v profe-
sionalnej praxi a v osobnom zivote ¢loveka.

Didaktické transformacie
DT1-DTé6

Transformacia DT1 — komunika-
tivna transformacia vytvara komu-
nikativny VPPS; d’alej konceptudlna
transformacia vyberie a usporiada
prvky komunikativneho VPPS

z hl'adiska vstupnej koncepcie, ¢im
vytvara konceptualny model VS.

Transformacia DT2 — obsahova
didakticka transformacia vytvara
didakticky pojmovo poznatkovy sys-
tém; d’alej nasleduje didakticka ana-
lyza vzdelavacich zdmerov a ciel'ov.
Didaktické syntéza vsetkych kompo-
nentov vytvara didakticky systém.

Transformacia DT3 vytvara edukac-
ny projekt. U¢ivo je konkretizované
vo vzdelavacich programoch, pla-
noch, osnovach, d’alej v ucebniciach
a d’al$ich didaktickych prostriedkoch.

Transformacia DT4 — edukaény
proces — priprava edukatorov na
vyucovanie — vysledkom je operacné
kurikulum — u¢ivo predlozené edu-
kantom.

Transformacia DTS5 — edukaény
proces — vyucba a ucenie edukantov;
hodnotenie ich znalosti, sposobilosti,
postojov a kompetencii.

Transformacia DT6 — aplika¢na
DTé6 transformacia v priebehu prakticke;j

¢innosti dotvara a rozvija znalosti
ziskané u¢enim a transformuje ich na
znalosti aplikovatel'né v praxi.

Transformacia T7 — vyuzitie vy-
stupov edukacie mimo edukacnej
sféry v osobnom zivote ¢loveka

a jeho profesiondlnej praxi

Obr. 1: Etapy didaktickej komunikacie vedy

Vstupné
faktory

Vstupna kon-
cepcia vzdela-
vania

Zamery a ciele
edukacie
Kognitivna
aroven edukan-
tov

Kognitivne

a didaktické
znalosti tvor-
cov kurikula

Sustava ciel'ov
edukacie

Vstupné znalosti
edukantov

| Metodika

Didaktické
znalosti

tvorcov kurikula

Stav edukacne;j
sustavy

Vstupné zna-
losti edukantov

Metodika

Kompetencie,
kvalifikacie

a didaktické
znalosti eduka-
torov

Stav edukacne;j
sustavy
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Fazy didaktickej
komunikacie vedy

Formy pojmovo poznatkovych
systémov

Vychodiskova faza
F0 — Vedecky sys-
tém (VS)

Vedecky pojmovo poznatkovy
systém danej vedy/odboru

HDTI

A

(VPPS)
ﬂ PT1

Poznatkové transformacie
PT1-PTé6

—

Faza F1 — Konceptu-
alny model vedeckého
systému daného odboru

DT2

Komunikativny VPPS — model VPPS
zrozumitel'ny pre tvorcov didaktického
systému, eduka¢ného projektu a ucebnic
Konceptualny model VPPS — vyber a us-
poriadanie komunikativneho VPPS z hla-
diska vychodiskovej koncepcie vzdelavania

Komunikativna transformacia
vytvara komunikativny vedecky
pojmovo poznatkovy systém.
Konceptualna transformacia
vyberie a usporiada prvky ko-
munikativneho VPPS

z hl'adiska vychodiskovej kon-
cepcie vzdeldvania.

ﬂ PT2

Faza F2 — Didakticky
systém danej vedeckej
discipliny/odboru

DT3

Didakticky pojmovo poznatkovy sys-
tém danej vedy/odboru (obsahujuci aj
didaktické modely poznavacich metdd) je
reprezentovany obsahom vyucby, ktory
reSpektuje Groven poznania a myslenia
edukantov z hl'adiska cielov edukacie a
je podkladom pre tvorbu uciva a uéebnic.

Obsahova transformacia je
zamerana na vytvorenie obsahu
vyucby prispdsobeného kogni-
tivnej trovni cielovej skupiny
edukantov z hl'adiska zamerov
a cielov edukacie.

ﬂ PT3

Faza F3 — Edukacny
projekt (EP) danej
vedeckej discipliny/
odboru

DT4 & DTS

Ucivo (projektovany pojmovo poznatko-
vy systém — formalne kurikulum) — pre
cielovu skupinu edukantov. U¢ivo je
konkretizované vo vzdelavacich progra-
moch, osnovach, u¢ebnych planoch a
ucebniciach.

Kurikularna transformacia
vytvara z obsahu vyucby kon-
krétne ucivo (formalne kuriku-
lum) pre ciel'ova skupinu edu-
kantov.

Faza F5 — Vystupy
edukacného procesu

ﬂ PT4 & PT5

DTé6

Interné pojmovo poznatkové systémy
(IPPS) — poznatky, vedomosti a znalosti
edukantov z danej vedy resp. odboru po
ukonceni edukacie v ramci vSeobecne

vzdelavacej sustavy

Transformacia uciva na pojmovo
poznatkovy systém edukatora

v ramci jeho pripravy na vyuco-
vanie (PT4)

Vyucovanie, uenie a poznavanie
edukantov v ramci edukac¢ného
procesu (PTS)

PT6

Faza F6 — aplikova-
tel’'né vystupy edu-
ka¢ného procesu

Aplikovatel’né interné pojmovo po-
znatkové systémy — vedomosti a znalos-
ti edukantov aplikovatel'né v praxi

Aplikaéna transformacia
Vedomosti ziskané v procese
vSeobecného vzdelavania st

v priebehu praxe a odborného
vzdelavania d’alej formované

a vytvara sa pojmovo poznatko-
vy systém vedomosti a znalosti
aplikovatel'nych v praxi.

Obr. 2: Formy pojmovo poznatkovych systémov a ich poznatkové transformacie
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Faza F2 — zamys§Pané kurikulum — didakticky systém danej vedy/odboru , ktory je tvoreny tromi kompo-

nentmi:

1. obsah vzdelavania — zamyslana resp. didakticka forma znalostného obsahu daného odboru (didak-
ticky pojmovo poznatkovy systém obsahujuci aj didaktické modely poznavacich metod) prispdsobeny
kognitivnej urovni edukantov z hl'adiska koncepcie a cielov vzdelavania,

2. sustava vzdelavacich zamerov a ciel'ov (intencionalny komponent),

3. systém informacii o kognitivnej Grovni pojmov a poznatkov edukantov (kognitivny komponent),

4. didaktické znalosti tvorcov kurikula — pedagogical content knowledge (didakticky komponent).

Pretoze transformacia KT2 je zamerana predovsetkym na didakticka adaptaciu pojmov a poznatkov daného

odboru na kognitivnu Uroven prijemcov vzdelavania, nemozno esSte hovorit’ o didaktickej forme vzdelava-

cieho obsahu daného predmetu, pretoze vyucovacie predmety sa formuji az v d’alSej etape kurikuldrneho
procesu.

Kurikularna transformacia KT3 (projektova transformacia)

KT3 = zamySlané kurikulum (F2) — projektové kurikulum (F3)

K dal$ej transformacii v kurikularnom procesu danej vednej discipliny ¢i iného odboru dochadza pri didak-
tickom vyjadreni poznatkov a prvkov zamyslaného kurikula v redlnom vzdelavacom projekte. Didakticka
forma znalostného obsahu danej vedy/odboru vyjadruje iba obsah vyucby zodpovedajici odboru a adapto-
vany na kognitivnu Groven edukantov. V priebehu transformacie T3 je obsah vyucby dopracovany a dopl-
neny podla potreby dal§imi prvkami z hl'adiska koncepcie a cielov vzdeldvania, z hl'adiska metodiky
a organiza¢nych foriem vyucovania, pricom sa formuju konkrétne vyucovacie predmety. Nasledne je trans-
formovany do projektovej formy znalostného obsahu danej vedy/odboru — do uéiva, ktoré je konkretizo-
vané vo vzdelavacich programoch, u¢ebnych planoch, osnovach, standardoch na rdéznych Grovniach vzdela-
vacej sustavy, ako aj v uCebniciach a d’al$ich didaktickych prostriedkoch a vzdelavacich materialoch.

Faza F3 - projektové kurikulum — vzdelavaci projekt, ktory je tvoreny siedmimi komponentmi:

1. ucivo — projektova forma znalostného obsahu danej vedy/odboru — pojmovo poznatkovy systém,
ktory je tym, ¢o maji edukanti zvladnut’. Tento systém je spracovany so zretelom na koncepciu a ciele
edukacie ako aj so zretelom na kognitivnu troven edukantov. U¢ivo je d’alej konkretizované v osnovach,
vzdelavacich planoch, vedomostnych $tandardoch a uc¢ebniciach. Konkretizované ucivo tvori uz vzdela-
vaci obsah daného predmetu .

2. sustava cielov edukacie (intencionalny komponent),

3. informacie o vstupnych znalostiach a kognitivnej urovni edukantov (kognitivny komponent),

4. metodika, formy a postupy vyucby (metodicky komponent),

5. kompetencie, kvalifikécia, pedagogické a didaktické znalosti edukatorov, tvorcov ucebnic a d’alsich
didaktickych prostriedkov (pedagogicky a didakticky komponent),

6. organizacia vzdelavania a stav edukacnej sustavy (organizacny komponent),

7. metdody, formy a postupy zist'ovania a evaluacie vystupov edukacie (evalua¢ny komponent).

Kurikuliarna transformacia KT4 = edukacny proces — realiza¢na transformacia

KT4 = projektové kurikulum (F3) — realizované kurikulum (F4)

Vstupnym faktorom transformacie KT4 su

1. vstupné pojmovo poznatkové systémy edukantov.

Transformaciu KT4 ovplyviuju:

2. metodika vyucby,

3. kompetencie, kvalifikacia pedagogické a didaktické znalosti edukatora,

4. organizacné formy vzdelavania.

V priebehu realizacnej transformacie — v ramci pripravy na vyucovanie — sa ucivo transformuje na interné
pojmovo poznatkové systémy edukatora, ktoré su prezentované vo vyucovani ako realizacna forma znalos-
tného obsahu danej vedy/odboru resp. realizaéna forma vzdelavacieho obsahu daného predmetu .

Faza F4 — realizované kurikulum je tvorené realizacnou formou znalostného obsahu danej vedy/odboru,
resp. realizaénou formou vzdelivacieho obsahu daného predmetu * — konkrétnymi aktmi realizacie ui-
va vo vyucovani. Realizované kurikulum zahrnuje d’alej metddy, didaktické prostriedky a postupy pouziva-
né vo vyucovani.
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Kurikularna transformacia KT5 = eduka¢ny proces — implementacna transformacia

KTS5 = realizované kurikulum — implementované kurikulum.

Implementaéna transformacia — vyucovanie, uCenie a poznavanie edukantov, ¢o vytvara ich interné poj-
movo poznatkové systémy. Sucastou tejto transformacie je aj zistovanie a hodnotenie ziskanych znalosti.
Vysledkom implementacnej transformacie su vystupy eduka¢ného procesu, t.j. rezultatova forma znalos-
tného obsahu danej vedy/odboru resp. rezultatova forma vzdelavacieho obsahu daného predmetu *.

Faza F5 — implementované kurikulum t.j. vystupy edukacného procesu a ich hodnotenie — je tvorené tro-

mi komponentmi:

1. vystupy edukacie — rezultitova > forma znalostného obsahu danej vedy/odboru resp. rezultitova °
forma vzdelavacieho obsahu * daného predmetu, ¢o st vystupné pojmovo poznatkové systémy edu-
kantov, t.j. vedomosti, znalosti, sposobilosti, postoje a kompetencie edukantov zistené skolskymi meto-
dami a formami detekcie a hodnotenia, ale aj tie, ktoré tieto Skolské metddy nezistuju (obsahovy kom-
ponent);

2. vedomostné a znalostné Standardy ako podklady pre evaluaciu (evaluaény komponent);

3. zistovanie a hodnotenie vystupov eduka¢ného procesu (didakticky komponent).

)

Kurikularna transformacia KT6

KT6 = implementované kurikulum (F5) — dosiahnuté kurikulum (F6)

Kurikularna transformacia KT6 je aplika¢na transformacia — vychadza z rezultatovej formy znalostného
resp. vzdelavacieho obsahu (vystupy edukacie), pricom v priebehu praktickej ¢innosti dotvara a rozvija zna-
losti ziskané u¢enim a transformuje ich na znalosti aplikovatelné v praxi, t.j. efektovu formu znalostného
obsahu.

Faza F6 — aplikovatel’'né vystupy edukacie, ich zistovanie a hodnotenie (dosiahnuté kurikulum) — je

tvorena tromi komponentmi:

1. efektova forma znalostného obsahu — vedomosti, znalosti, spdsobilosti a kompetencie edukantov apli-
kovatel'né v praxi;

2. Standardy aplikovatel'nych vystupov edukacie (napr. popisy kl'icovych kompetencii);

3. zistovanie a hodnotenie aplikovatelnych vystupov edukacie.

4) U faz F3 — F5 mozno hovorit’ nielen o variantnej forme znalostného obsahu danej vedy/odboru ale aj o variantnej forme
vzdelavacieho obsahu daného predmetu, pricom vyznam oboch terminov je rovnaky, odlisny maji iba zmysel, pretoze sa
vzt'ahuju k inym poznatkovym oblastiam. Variantna forma znalostného obsahu sa vztahuje k pojmovo poznatkovym systémom
vied, technickych disciplin, jazykov. Variantna forma vzdeldvacieho obsahu sa vztahuje k danému vyucovaciemu predmetu,
ktory moze napr. integrovat’ i poznatky viacerych disciplin.

5) 'V literatare sa uvadza aj termin implementovana forma znalostného resp. vzdelavacicho obsahu.

6) Termin ,,pedagogical content knowledge (PCK)“ dobre vystihuje citacia ,,/n Shulman’s view, pedagogical content knowledge is

a form of practical knowledge that is used by teachers to guide their actions in highly contextualized classroom settings. In
Shulman’s view, this form of practical knowledge entails, among other things: (a) knowledge of how to structure and represent
academic content for direct teaching to students; (b) knowledge of the common conceptions, misconceptions, and difficulties
that students encounter when learning particular content; and (c) knowledge of the specific teaching strategies that can be used
to address students’ learning needs in particular classroom circumstances (Rowan et al, 2001)”.
Navrhujeme, aby termin PCK — ,,didakticka znalost’ obsahu® — vyjadroval didaktické, pedagogické a odborné znalosti vsetkych
aktérov kurikularneho procesu rovnako praktické ako aj teoretické — o autoroch ucebnic ako nositeloch PCK hovori aj Janik
a Knecht (2008). Sucasne je potrebné uvedomit’ si, Ze PCK je jeden z komponentov kurikula a netvori jediny ,,spojovnik medzi
odborom a vyu€ovacim predmetom* (Janik, Slavik, 2007).
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Variantné formy

znalostného obsahu (ZO)

danej vedy/odboru

Fazy kurikularneho procesu
Variantné formy kurikula

Vychodiskova faza FO — vedecky systém daného odboru

ﬂ PT1

Konceptualna forma
znalostného obsahu

konceptudlny model

Kurikularne transformacie

Komunikaéna a konceptualna

u KTl transformacia vytvara kon-
- ceptualne kurikulum.
Faza F1: konceptualne kurikulum —

ﬂ PT2

Didaktické forma
znalostného obsahu

didakticky systém

ﬂ PT3

B[ LINY] dTueaeA)AA Judn)soq

Projektova forma
znalostného obsahu ¥

v
— 111N

Faza F3: projektové kurikulum —
vzdelavaci projekt — vzdelavaci
program, osnovy, ucivo, ucebnice

ﬂ PT4

ﬂ KT4

Kurikularna transformacia
KT2 . P
KT2 vytvara zamyslané
. kurikulum.
Faza F2: zamysl'ané kurikulum — urtuium

u KT3 Projektova transformacia vy-
tvara projektové kurikulum.

Realiza¢na transformacia —

priprava ucitelov na vyuco-

vanie vytvara realizované
Faza F4 — realizované kurikulum ako kurikulum.

Faza F7 — efekty edukacie — vznikaji vyuzivanim vystupov
edukacného procesu v profesionalnej praxi a v osobnom zivote
¢loveka (,,nekurikularny* ¢len kurikularneho procesu).

= Realizac¢na forma

= znalostného obsahu ¥ vysledok pripravy edukatora na vyu-

g — ucivo prezentované ¢ovanie = prezentované ucivo +

e edukantom metody, didaktické prostriedky, ...

<

e Implementacna transformacia

g PTS KTS — vyudéovanie a uenie edu-

& kantov vytvéraji ich interné
Implementovana for- Faza F5 — implementované kuriku- PPS Y ako stcast’ implemento-
ma ZO ¥ — znalosti lum: znalosti edukantov (vystupy vaného kurikula.
edukantov edukacie) + ich hodnotenie

Aplikacna transformacia —
ﬂ PTé6 u KTé6 < formovanie znalosti ziskanych
vo vyucovacom procese vy-
5> Rezultatova forma Faza F6 — dosiahnuté kurikulum: tvara v priebehu praxe pojmo-

"% Z0 — aplikovatel'né znalosti edukantov aplikovatelné vo poznatkovy systém znalosti

g( vystupy edukacie v praxi + ich hodnotenie aplikovatelnych v praxi.

% u 7 i Transformacia T7 — vyuzitie

s vystupov edukacie v osobnom

T Zivote ¢loveka a jeho profe-

sionalnej praxi

PT1 — PT6 = poznatkové transformdacie znalostného obsahu danej vedy/odboru

KT1 — KT6 = kurikularne transformacie, T7 je ,,nekurikularna® transformacia

Obr. 3: Kurikularny proces (KP)
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3.2 Komponenty variantnych foriem kurikula v ramci kurikularneho procesu

Variantné formy kurikula — fazy kurikularneho procesu — st okrem variantnej formy znalostného obsahu
tvorené aj d’alsimi komponentmi. Najviac ich obsahuje projektové kurikulum, ostatné variantné formy kuri-
kula st tvorené mensim poctom komponentov. Tieto komponenty pdsobia ako aktivne prvky aj v priebehu
kurikularnych transformacii. Celkove mozno rozlisit’ nasledovné komponenty:

* Intencionalny — filozofia, koncepcia, zamery a ciele vzdelavania;

*  QObsahovy — variantné formy pojmovo poznatkovych systémov — variantné formy znalostného ob-

sahu (content knowledge) danej vedy/odboru resp. vzdelavacieho obsahu daného predmetu *;

*  Procesualny/metodicky — metody a formy vzdeldvania, vyucovacie metddy;

* Kognitivny — poznatky kognitivnej psychologie a kognitivnych vied potrebné pre vytvaranie kuri-
kula a edukacny proces, informacie o kognitivnej urovni edukantov, metddy a postupy adaptacie
vedeckych resp. odbornych pojmovo poznatkovych systémov na kognitivnu a poznatkova troven
edukantov (cognitive content knowledge);

* Pedagogicky/didakticky — pedagogické a didaktické znalosti aktérov edukacného procesu, t.j. edu-
katorov, tvorcov kurikula, uéebnic a didaktickych prostriedkov (pedagogical content knowledge © —
Shulman, 1987);

* Evaluaény — néstroje, postupy a metody zistovania a hodnotenia vedomosti, znalosti, postojov
a kompetencii edukantov, nastroje zist'ujuce efektivnost’ projektového kurikula;

* Organiza¢ny — organizacia vyucby, formy vzdelavania, formy a typy $kol, ekonomické, adminis-
trativne a pravne prostredie, atd’.

4. Komunikacna koncepcia odborovych didaktik — diskusia a zavery

Komunika¢na koncepcia odborovych didaktik ma dva varianty, ktoré sa objavili na CcCeskej
a slovenskej didaktickej scéne temer sucasne — ako koncepcia didaktickej komunikacie danej ve-
dy/vedeckého ¢i technického odboru prof. Fenclovej-Brockmeyerovej a jej ziakov a koncepcia variantnych
foriem kurikula prof. Priichu. Didaktickd komunikacia sa ako predmet didaktiky fyziky objavila v roku 1982
(Fenclova), koncepcia variantnych foriem kurikula v roku 1983 (Pricha) — a dlht dobu sa d’alej nerozvijali.
Az po roku 2000 zaznamenala kurikularna koncepcia vyvojovy posun (Pricha, 2002, 2006; Manak, 2007;
Zaskodny 2007), rovnako aj koncepcia didaktickej komunikacie (Fenclova-Brockmeyerové, Capek, Kotasek,
2000; Brockmeyerova 2002; Kotasek, 2004; Tarabek, Zagkodny, Pavlat, Skrabankové, 2003; Tarabek, Za-
Skodny, Simonik, Skrabankova a kol., 2005; Tarabek, Zaskodny, 2006; Brockmeyerova, Tarabek, 2007;
Adamcikova, Tardbek, 2007, 2008a, 2008b). Vd'aka praci Zaskodného (2007) bola ndjdend medzi oboma
koncepciami suvislost' a nasledovala integracia oboch koncepcii (Adaméikova, Tarabek, 2008c; Tarabek,
2008a, 2008b; Zaskodny, 2008, 2009), ktora je prehladne prezentovana v kapitole 3, priCom sa pouzivaju
terminy kurikularnej tedrie.

Didakticka komunikacia daného vedeckého alebo technického odboru je tvorena sekvenciou didak-
tickych transformacii prepojujicich fazy didaktickej komunikacie. Kurikularny proces je realizovany
prostrednictvom faz kurikularneho procesu resp. variantnych foriem kurikula prepojenych kurikuldrny-
mi transformaciami. Didaktickym transformaciam zodpovedaju kurikuldrne transformacie a fdzam didak-
tickej komunikacie zodpovedaju variantné formy kurikula. Prvé tri etapy kurikularneho procesu zodpoveda-
ju vyvoju a konstrukcii kurikula, d’alSie dve etapy popisuju edukacny proces a posledna etapa zodpoveda
praxi. Z anglo-americkych terminov popisujucich rézne formy kurikula boli vybraté tie, ktoré vystihuji
a vytvaraju transformac¢nu liniu kurikularneho procesu. Z ¢eskych/slovenskych terminov boli pouzité tie,
ktoré koreSponduju s koncepciou didaktickej komunikacie.

Koncepcia je vhodnym teoretickym ramcom pre vyvoj, tvorbu a overovanie kurikula ako aj pre kuriku-
larne a vzdelavacie reformy vdaka zaradeniu jednotlivych variantnych foriem kurikula do jednoduche;j
a zrozumitel'nej linie kurikularneho procesu. V tejto stvislosti je potrebné zdoraznit’ niektoré d’alSie pod-
statné vlastnosti, ktor¢ nie st dostato¢ne vnimang, ako aj moznosti vyvoja tejto koncepcie:

1. Hlavna linia — tvorena kurikuldrnym procesom ako sekvenciou variantnych foriem kurikula je spreva-
dzana d’al$imi liniami reprezentovanymi komponentmi kurikula, z ktorych bola diskutovana v tejto praci
len retaz variantnych foriem znalostného (vzdelavacieho) obsahu. Okrem toho moézu existovat’ aj d’alSie
linie napr. linia reprezentovana terminom ,,hidden curriculum®. Niektor¢ alternativne formy kurikula su
diskutované v pracach (Prochéazka, 2008, Prochazka, Zaskodny, 2008).
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Okrem toho didakticka komunikacia ako sekvencia didaktickych faz a transformacii tvori uzavrety cyk-
lus, kde je posledna faza — efekty edukacie v spolo¢nosti napojend na prvi — vedecky resp. technicky
systém odbornych pojmov a poznatkov (Brockmeyerova, Tarabek, 2007) — obr. 4.
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Obr. 4: Didakticka komunikacia odbornych a vedeckych poznatkov ako kurikularny
proces v ramci komunikac¢nej koncepcie odborovych didaktik — spéitné vazby,
vztahy k vede a ekonomike

Siroké $ipky |:> reprezentuju transformacné procesy v didaktickej komunikacii vedy (DT1 —
DT6 su didaktické transformacie). Stredne tenké Sipky — reprezentuju vplyvy pedagogiky,
psycholdgie a kognitivnych vied, d’alej spatné véazby z faz F4, F5 k fazam F2, F3, ako aj vplyv kritérii
efektivnosti formovanych vo faze F2 na zaklade informacii o efektoch vzdelavania v spolocnosti.
Tenké §ipky ——o0znacuju informacné toky a hrubé §ipky =——— materialne a financné toky.
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3. Didaktickd kumunikécia je obojsmerna, t.j. kazda z jej faz je spitnou viazbou prepojena na niektoru z faz
predchadzajucich. Tato skutoénost’ je prezentovana napr. v koncepcii didaktickej rekonstrukcie (Jele-
menska, Sander, Kattmann, 2003), kde Knecht (2007) vystiZzne znazorfuje spiatni vizbu vystupov edu-
kacie na vzdelavacie obsahy. V tejto suvislosti by vSak bolo zaujimavé analyzovat’ aj spatnu vézbu apli-
kovatelnych vystupov edukéacie a jej efektov na rekonstrukciu vzdelavacieho obsahu, €o je v sticasnosti
aktualna téma vyskumu (Wieman, 2007, 2008). DetailnejSie naznacené spitné véizby ukazuje obr. 4.

4. Dalej je potrebné upozornit' na fakt, e didaktickd rekonstrukcia vzdelavacich obsahov zaloZena vy-
skume vystupov edukécie, hlavne prekoncepcii, miskonceopcii a formalnych poznatkoch ziakov je len
jednou z moznosti ovplyviovania tvorby kvalitnej$ich kurikularnych materialov. Inou moznostou vy-
tvarania adekvatnej didaktickej formy znalostného obsahu a nésledne projektovej formy vzdelavacieho
obsahu je priame aplikovanie vysledkov kognitivnych vied (obr. 4) a kognitivnej lingvistiky (Lakoff,
diSessa, Talmy, Twerski a d’alsi) diskutované v pracach Hestenesa (2006, 2007), vyuZzivanie tedrie mo-
delovania poznavania a ucenia (Hestenes, 2006, 2007), kognitivna analyza pojmov a poznatkov zaloZe-
na na znalostiach kognitivnej architektary (Tarabek, 2008c) ako aj Strukturalna didakticka analyza po-
znatkovych Struktar u¢iva a naslednd syntéza vzdelavacich obsahov (Zaskodny, 2007, 2009). Tato ob-
last’ je jednou z najplodnejsich moznosti d’alSieho vyvoja komunikaénej koncepcie odborovych didaktik.

5. Transformacéné nastroje komunikac¢nej koncepcie (Zaskodny,2007b) sa ucinne prejavili pri tvorbe vzde-
lavacich obsahov v ucebniciach. Trojuholnikové modelovanie kognitivnej architektury kurikula viedlo
k vytvoreniu pojmovej mapky a systémovej definicii kurikula, ktora z hl'adiska komunikaénej koncepcie
odborovych didaktik pokryva najddlezitejSie aspekty tohto terminu (Tarabek, 2008d).
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Abstract

The model of the cognitive architecture of common and scientific concepts in the framework of a modeling
theory of concept & knowledge structure is presented. The model describes a specific structure of common and
scientific concepts and their semantic frames as components of conceptual knowledge systems, which may be
external or internal (mental). The model distinguishes the concept’s meaning and sense as two disjunctive sets.
The basic components of the model are: core and periphery of a concept, meaning and sense of a concept, their
mutual connections and also the hierarchical layers of the meaning. The four developmental levels of common
and scientific concepts are presented: primitive, empirical, exact, and formal. The primitive and empirical are
levels of the common concepts, the exact and formal are levels of the scientific ones. The declarative and formal
knowledge is also designed. Based on the model, a method of concept mapping is presented. Concept maps as
models of the cognitive architecture of an Aristotelian preconception at the empirical level and a Newtonian
conception at the exact (scientific) level of the concept of "force" are designed.
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1. Introduction

The structure of common and scientific concepts, which are components of conceptual knowledge
systems (CKS) as human tools for cognition in science, mathematics, and in everyday life, is a long-
term problem in the cognitive psychology, cognitive science, and also in the science education
research. For example, detail information about a structure of mental and scientific concepts is needed,
to understand the nature of misconceptions and formal knowledge in the minds of students.

Many studies were conducted to explore physics misconceptions of pupils and students over the
last three decades (Fenclova-Brockmeyer, 1980, Nachtigall, 1981, Powel, 1983, Hejnova, 1984,
Renstrom at al, 1990, Hestenes at al, 1992, 1995, Sharma at al, 2007, Tarabek, 1985, 1989, 2007). The
authors’ studies were focusing on the understanding of mental representations of misconceptions and
formal knowledge in the minds of students and have resulted in the creation of the triangular model
of concept structure, which describes a structure of common and scientific concepts and their
semantic frames (Tarabek, 2005, 2007, 2008a, 2008d). This model describes structural properties of
basic components of conceptual knowledge systems created by humans. It is also an attempt to model
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structural properties of components of mental conceptual knowledge systems of intelligent agents
(human or artificial). In this meaning, the term “cognitive architecture” is used in the cognitive
science. The term “architecture” implies an approach that attempts to model not only behavior, but
also structural properties of the modelled system. These need not be physical properties: they can be
properties of virtual machines implemented in physical machines, e.g. brains or computers (Wikipedia,
2008). The term “cognitive architecture” used in the cognitive science means also “an embodiment of
a scientific hypothesis about those aspects of human cognition that are relatively constant over time
and relatively independent of task™ (Ritter, Young, 2001, Jacko, Sears, 2008).

In the light of the cognitive science, the triangular model of concept structure describes
a cognitive architecture of a concept and its semantic frame. Then the triangular model of the concept
structure may be also called the model of a cognitive architecture of common and scientific concepts.
The model of a cognitive architecture of concept is built upon Vygotsky’s concept theory
(Vygotsky, 1986), the conception of the “semantic frame” (Fillmore, 1976, 1982, Hestenes, 2006), the
semantic/semiotic triangle, and on widespread ideas of the structuring of conceptual systems
(Guilford, 1967, 1988, Linhart, 1976, Hestenes, 1987, 2006, 2007, Lakoff, 1980, 1987, Bergeron,
1999, Merrill, 2002, Novak, 1998, 2004, Sternberg, 1999). The model captures the structure of
concept and its semantic frame, where the term concept is taken in the sense as it is used in cognitive
psychology (Sternberg, 1999). Besides the description of concept formation (Tuomi, 1998) through
the Vygotian phases (Tarabek, 2007¢c, 2008d), the model distinguishes four phases in the development
of common/scientific concepts: primitive, empirical, exact, and formal. The levels of the common
concepts are primitive and empirical. The levels of the scientific concepts are exact and formal. The
model also distinguishes the concept’s meaning and sense as two disjunctive sets following Frege’s
idea of reference/meaning and sense (Frege, 1892). The idea of different kinds of meaning is also used
in Double R Grammar concerning language comprehension (Ball, 2004), where the relational and
referential meanings are distinguished — the relational meaning corresponds to the sense and the
referential meaning to the meaning in the triangular model of concept. The basic components of the
model are: core of a concept, periphery of a concept, meaning M and sense S of a concept, their
mutual connections and also the hierarchical layers of the meaning.

The triangular model — the model of the cognitive architecture of a concept — was used to solve
problems concerning the mental structure of misconceptions and scientifically correct knowledge.
Differentiation between the empirical (pre-scientific) and exact (scientific) levels of concept
development has shown that many misconceptions in mechanics are developmental states of human
cognition at the empirical level (Tarabek, 2007¢, 2008¢), i.e. preconceptions or “CS misconceptions”
(CS — common sense), which “were clearly articulated by great intellectuals — Aristotle, Buridan,
Galileo, and even Newton himself before writing Principia” (Hestenes, 2006). These preconceptions
have a large resistance to instruction (Hestenes, 2006) and also a significant influence in the formation
of new knowledge (Atkinson et al, 2000). If students learn Newton’s laws of motion, the CS-concepts
remain “wrapped up in Newtonian words” (Hestenes, 2006) in their memory. For instance, the
empirical level of the concept “force” (so-called Aristotelian) in the thinking of students tends to
increase with age together with the Newtonian level (Tarabek, 2007c).

To overcome misconceptions and solve problems in the understanding of Newtonian conception,
we have also to know exactly how does the cognitive architecture as a specific structure of the related
concepts look at both levels. Concept maps created from the triangular model show the cognitive
architecture of the concept “force” at the empirical (Aristotelian) and symbolical (Newtonian) level.

2. Modeling Theory of Hestenes

I this section, several important ideas of Modeling Theory of Cognition, Learning, and Scientific
Knowledge of Hestenes — Hestenes” Modeling Theory — will be outlined. There are four reasons to do
1t:

1. This theory has revealed the main problem of traditional instruction process that bothered me for
decades — the problem of formal knowledge and insufficient understanding. 1 had always

a conviction that the right learning means also cognition not only learning (and/or understanding)

of facts, formulas, procedures, and applying them in the tasks, practice, etc. The idea, that

cognition belongs to the learning, follows from the context of the Hestenes’ Modeling Theory:
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1) First Principle for a Modeling Theory of Cognition says: “Cognition is basically about making
and manipulating mental models (Hestenes, 2007, p. 7)” and 2) “The curriculum should be
organized around models, not topics (Hestenes, 2007, p.20)”.

The Hestenes’ theory describes very clearly relations among the mental, conceptual, and scientific
models, the properties of last two ones, and brings also new revolutionary ideas about referents of
conceptual models. These relations were missing in my theory of conceptual knowledge systems
and concept’s structure.

The models as “basic units of coherently structured knowledge, from which one can make logical
inferences, predictions, explanations, plans and designs” (Hestenes, 2007, p.4) present a dynamics
of conceptual knowledge systems — their common and also creative functioning.

It seems that my theory of conceptual knowledge systems and concept’s structure starting in 1988
and continuing (after a pause) from year 2003 (Tarabek, 1988, 1989, 2003, 2004, 2005, 2006,
2007, 2008, Tarabek, Zaskodny, 2005, 2006, 2007) might be integrated into Modeling Theory of

Hestenes.

First citation of Hestenes (2007, p. 5):
A model isarepresentation of structurein a given system.

A system is a set of related objects, which may be real or imaginary, physical or mental, simple or
composite. The structure of a system is a set of relations among its objects. The system itself is called

the referent of the model.
We often identify the model with its representation .

in a concrete inscription of words, symbols or

figures (such as graphs, diagrams or sketches).

But it must not be forgotten that the inscription is

supplemented by a system of (mostly tacit) rules @ @

and conventions for encoding model structure.

As depicted in Figure 1, I use the term symbolic
form for the triad of elements defining a model.

Fig. 1: Symbolic form of a model

The additional comments:

From the above definition, I can

infer two variants of its

understanding;:

1. The model as the triad depicted representation ;
in the Figure 2, where the
“structure” means a structure of
the referent, ie. the given

system, which is modeled. Then : _
the “blue” relations are valid. Fig. 2: Symbolic form of a model

representation as a
concrete inscription

reference

i

2. The model as the triad depicted

in the Figure 3, where the
“structure” means a structure of
the concrete representation and
the reference is relation to its
referent. Then the structure of
a given representation represents
a structure in a given system
(referent).

The above definition and both

variants point out the main

representation as
concrete inscription

reference

Fig. 3: Symbolic form of a model

properties of a model:

— a symbolic representation of structure in a given system — referent,

— a structure of a model,

— arelation of reference, and

—an encoding — various ways of coding lead to the different representations (models) of one system.
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2. Citation of Hestenes (2007, p. 7):

I define a concept as a {form, meaning} pair represented by a symbol (or assembly of symbols). In
analogy to Fig. 1, I define the symbolic form of a

concept as the triad in Fig. 4. Much like a model,

the form of a concept is its conceptual structure, m
including relations among its parts and its place
within a conceptual system. The meaning of a

concept is its relation to mental models. All this is
close enough to the usual loose definition of »
“concept” to conform to common parlance. It

provides then a foundation for a more rigorous Fig. 4: Symbolic form of a concept
analysis of important concepts.

The additional comment: The symbolic form of the concept in the figure 4 corresponds to the
symbolic form of the model in the Figure 3.

3. Citation of Hestenes (2007, p. 5 and 6):

A (scientific) model is a representation of structurein a physical system or process.

Nevertheless, the definition applies to all the sciences (including biology and social sciences). Models

in the various sciences differ in the kinds of structure that they attribute to systems. The term process

is included in the definition only for emphasis; it refers to a change in the structure of a system. Thus

a process model is an abstraction of structural change from a more complete model including objects

in the system.

In most discussions of scientific models the crucial role of structure is overlooked or addressed only

incidentally. In Modeling Theory structure is central to the concept of model. The structure of

a system (hence structure in its model) is defined as a set of relations among the objects in the system

(hence among parts in the model).

Universal structuretypes:

From studying a wide variety of examples, I have concluded that five types of structure suffice to

characterize any scientific model. As this seems to be an important empirical fact, a brief description

of each type is in order here.

e Systemic structure: Its representation specifies (a) composition of the system (b) links among the
parts (individual objects), (c) links to external agents (objects in the environment).
A diagrammatic representation is usually best (with objects represented by nodes and links
represented by connecting lines) because it provides a wholistic image of the entire structure.
Examples: electric circuit diagrams, organization charts, family trees.

e Geometric structure: specifies (a) configuration (geometric relations among the parts), (b)
location (position with respect to a reference frame)

e Object structure: intrinsic properties of the parts. For example, mass and charge if the objects are
material things, or roles if the objects are agents with complex behaviors. The objects may
themselves be systems (such as atoms composed of electrons and nuclei), but their internal
structure is not represented in the model, though it may be reflected in the attributed properties.

e Interaction structure: properties of the links (typically causal interactions). Usually represented
as binary relations on object pairs. Examples of interactions: forces (momentum exchange),
transport of materials in any form, information exchange.

e Temporal (event) structure: temporal change in the state of the system. Change in position
(motion) is the most fundamental kind of change, as it provides the basic measure of time.
Measurement theory specifies how to quantify the properties of a system into property variables.
The state of a system is a set of values for its property variables (at a given time). Temporal
change can be represented descriptively (as in graphs), or dynamically (by equations of motion or
conservation laws).

The explanatory comment: A scientific model is a kind of the conceptual model (see the citation 5).
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4. Citation of Hestenes (2006, p. 12):

A conceptual model is now defined as a concept (or construct if you will) with the additional
stipulation that the structure of its referent be encoded in its representation by a symbolic construction,
or figure, or some other inscription. Like a concept, a conceptual model is characterized by a triad, as
depicted in Fig. 5.

To emphasize the main point: the symbols for concepts refer to mental models (or features thereof),
which may or may not correspond to actual material objects.

Though every conceptual model refers to a mental model, the converse is not true.

The brain creates all sorts of mental constructions, including mental models, for which there are no
words to express. I refer to such constructions as ideas or intuitions. Ideas and intuitions are elevated
to concepts by creating symbols to represent them!

The explanatory comment: Concepts are components of the conceptual system (see the citation 3).

5. Citation of Hestenes (2007, p. 6 and 7):

Cognitive linguistics has revolutionized the field of semantics by maintaining that the actual referents
of language are mental models in the mind rather than concrete objects in an external world. It follows
that if mathematics is “the language of science,” then the referents of mathematical models must be
mental models. Likewise, the proper referents of scientific models must be mental models of physical
situations, which are only indirectly related to real physical systems through data, observation and
experiment.

This implies a common cognitive foundation for math, science and language:

Just as science is about making and using objective models of real things and events, so cognition (in
mathematics and science as well as everyday life) is about making and manipulating mental models of
imaginary objects and events!

Let me sum up this revolution in semantics with a modified definition:
A conceptual model is a representation of structurein a mental model.

As before, the representation in a conceptual model is a concrete inscription that encodes structure in
the referent. However, we make no commitment as to what the structure of a mental may represent.
Henceforth, scientific and mathematical models are to be regarded as conceptual models. But the
referent of a conceptual model is always a mental model, so its structure in the mind is inaccessible to
direct observation.

A

representation Material system

A

A 4

—» Mental model

Fig. 5: Conceptual model

6. Citation of Hestenes (2007, p. 7 and 8) to mental models:

We seek to solve the inverse problem of inferring the structure of mental models from the objective
structure of scientific representations. If that seems like an impossible task, note that it is
commonplace to infer thoughts in other minds from social interaction. Can we not make stronger
inferences with the full resources of science? Here we have a modeling approach to the theory of
cognition, so we can draw on the whole corpus of results in cognitive science for support and critique.
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Let me now propose the First Principle for a Modeling Theory of Cognition:
I. Cognition is basically about making and manipulating mental models.

I call this the Primacy (of Models) Principle, noting I have already tacitly invoked a variant of it for
the Modeling Theory of scientific knowledge. Commitment to this principle might seem extreme, for I
must admit that it is not to be found in the cognitive science literature from which I draw most of the
supporting evidence. However, I contend that for a guiding research principle the standard is not that it
is true but that it is productive, by which | mean that it leads to significant predictions that are
empirically testable. Even if proved wrong, that would be quite an interesting result! In the meantime,
we shall see that the primacy principle can carry us a long way.

Second Principlefor a Modeling Theory of Cognition:

II. Mental models possess five basic types of structure: systemic, geometric, descriptive,
interactive, and temporal.

I call this the Principle of Universal Forms, where the forms are the five types of structure. Obviously,
this is direct transfer to mental models of the structural types identified above for scientific models.
Thus, it provides us immediately with a rich system of conjectures about mental models to investigate
and amend if necessary. Moreover, it brings along a rich system of basic concepts involved in
characterizing the forms.

The additional comment 1 to the First Principle: Cognition means also making, manipulating, and
modifying mental and personal conceptual models in a mutual co-operation. The personal conceptual
models are ‘draft’ versions of mental models which help us to clear ideas and intuitive thoughts of
mental models.

The additional comment 2 to the Second Principle: If we want to model mental models we should take
mental concepts as basic components of them.

3. Modeling Theory of Concept & Knowledge Structure

The words that we use every day are understood by us through their interconnections with other
words, mental images, and in relation to their meaning, sense, and semantic frame. All these entities
form structure of concepts and the conceptual understanding means that one has integrated in the mind
all these components in a complete conceptual structure.

The question of understanding bothered me from my student’s years, when I have studied the
physics at university. When I have understood the logical coherence of mathematic and physical
theories, and their logical inferences has been clear, I have had sometimes an unpleasant feeling of
incomplete understanding. The first question was, where came all these knowledge from? The other
question was the connection of the theoretical knowledge with a physical reality. I could not imagine
the nature of this knowledge. When I taught physics at university, the same feeling was confirmed by
one my student with brilliant understanding of scientific theories. Long time after, I have understood
that in my mind, the mental images of fundamental concepts were missing — these semantic images
which create the concept’s meaning and ‘connect’ the concept with its denotata class (objects, events,
phenomena, processes, entities in the extension of the given concept).

The problem of understanding arose again, when I, as a university teacher, led the diploma works
of my students. The students who knew theory, formulas and how to solve physical tasks suddenly had
significant problems in understanding physical formulas and equations modeling experiments in my
laboratory. They have not been able ‘to see the real physical situation’ described in physics formulas.
And in opposite, they had insurmountable problems in modeling a physical situation with the language
of physical symbols, formulas and equations. I asked myself why and this was for me a ‘teaching
puzzle’. The first answer was, after studies of literature, “the students are not able to figure out the
connections between the partial pieces of learned knowledge” and “their concepts and knowledge have
no consistent structure” (Brockmeyer, Tarabek, 2007). Secondly, “they think like a computer — they
just simply seek some formulas to solve a problem — without analysis and understanding” (Tarabek,
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2007b). Thirdly, they could not imagine real physical situation behind the physical formulas; in other
words to say: they could not make mental models corresponding to physical formulas and equations.

I had similar experience with some teachers learning using of computers in the first years of
computerization in schools. They could not make mental models about functioning of computers to
understand their function. For example, they imagined a memory of computer as a content of monitor,
i.e. they thought “if data in the monitor were missing, they were not in memory”.

This situation is very well expressed by the words of Carl Wieman (2007): “Students believe
certain things about what physics is and how one goes about learning the discipline, as well as how
one solves problems in physics. If you interview a lot of people, you find that their beliefs lie on a
spectrum that ranges from ‘novice’ to ‘expert’... What do we mean by a ‘novice’ in this context?
Adapting the characterization developed by David Hammer, novices see the content of physics
instruction as isolated pieces of information — handed down by an authority and disconnected from the
world around them — and that they can only learn by memorization. To the novice, scientific problem-
solving is just matching the pattern of the problem to certain memorized recipes. Experts — i.e.,
physicists — see physics as a coherent structure of concepts that describe nature and that have been
established by experiment. Expert problem-solving involves employing systematic, concept-based,
and widely applicable strategies. Since this includes this problem-solving being applicable in
completely new situations, this strategy is much more useful than the novice problem-solving
approach.”

The problem of internal knowledge is clearly expressed by Rapp and Kurby (2008): “What
remains in student memory after a successful learning experience and how is that information used in
future learning situations? Learning is usually defined as acquiring some knowledge and, presumably,
being able to use that knowledge to solve problems (e.g., Kintsch, 1998). But this definition tells us
little about what students actually represent in ‘their heads,” and even less about what constitutes the
fabric of that knowledge. Learning, in this way, reveals little as to whether stored memories are
composed of images, or words and sounds, or some more abstract form that isn’t easily described. The
measures we use to assess learning are also of limited utility in describing internal representations of
knowledge. While we can evaluate a student’s understanding of course using tests, term papers, or
discussion questions, these assessments provide little insight into the nature of student’s knowledge.
Even our personal introspections about effective teaching and learning reveal relatively little about the
way information is coded in memory. Nevertheless, philosophers and scientists have discussed,
debated, and, using cleverly designed experiments, developed hypotheses about the nature of memory
for hundred of years. Some of these hypotheses have suggested that memory is composed of mental
models, conceptual schemas, and semantic networks (Johnson-Laird, 1980; Minsky, 1975; Newell &
Simon, 1972). Each of these constructs is useful for suggesting how memory is organized and utilized
to generate inferences, solve problems, and make decisions. But each of these constructs has its own
inherent ambiguity, and thus the question of what constitutes the ‘residue’ of learning remains as open
one.”

Deeper study of the problem in the light of cognitive sciences, science education, and physics led
to the formulation of assumptions about nature of scientific knowledge and external conceptual
systems of everyday life, their mental representations and methods of their cognition. To use one name
for the scientific concept knowledge systems and conceptual systems of everyday life, I have chosen
a term conceptual knowledge system — CKS, while the internal (mental) and external CKS have to be
distinguished (Tarabek, 2007a, 2007c). Detail description of these terms can be seen in the next
section. The differentiation of external and internal representation of knowledge is also presented in
the book of Gilbert (2008, p.3, 4): “Modelling as an element in scientific methodology and models as
the outcomes of modelling are both important aspects of the conduct the science and hence of science
education. A model can be expressed in ‘external representations’ — those versions physically
available to others — and in ‘internal representations’ — those versions available mentally to an
individual person. The making of meaning for any such representation is ‘visualization’.

Visualization is concerned with External Representation, the systemic and focused public display
of information in the form of pictures, diagrams, tables, and the like (Tufte, 1983). It is also concerned
with Internal Representation, the mental production, storage, and use of an image that often (but not
always) is the result of external representation.”
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The list of books and research papers leading me to the assumptions as stated below would be very

long that is way I cite here the most important of them: Linhart, 1976; Ptlpan, 1981, 1988; Guilford,
1967, 1988; Thagard, 1996; Sternberk, 1999; Cap, Mares, 2001; Pricha, 2002; Gilbert at al, 2008;
Damasio et al, 1996; Devlin, 2007; Heirdsfield, 2002; Powel, 1983; Qualtrough, 1999; Mann, 1995;
Anderson, Spector, 2000; Bartolo et al, 2007; Merrill, 2002; Novak, 1993, 1998; Wieman, 2007;
Hestenes, 2006, 2007. The last two papers helped me to clear my previous intuitive notions about the
mental CKS, though there are still some differences in the terminology.

The theoretical assumptions concerning the mental and external conceptual knowledge systems are

as follows:

1.

The mental representation of external knowledge comprises a network of concepts, pieces of
knowledge, and mental images called the mental conceptual knowledge system (mental CKS or
internal CKS — ICKS). We can imagine that the concepts (or specific mental images called RSI —
see the section 4) comprise nodes of the network and the pieces of knowledge comprise links
among the nodes. The mental conceptual knowledge system is a set of mental objects — mental
images, mental words, and concepts, which may be simple or composite. The structure of the
mental CKS is a set of relations among its objects. The parts of the mental CKS are mental models
as mental representations of physical systems or conceptual models, and in opposite, the mental
models might be mental conceptual knowledge systems, but not always.

The basic components of the mental CKS — mental concepts are also systems with structure. We
differentiate an intrinsic structure of concepts and links to the other components of the CKS.
These links are of different kinds and ones of them — the cognitive links — constitute knowledge.

If we assume that the internal conceptual knowledge system is a static structure in the brain of
a cognitive agent (human or artificial) like computer software, then the real process of thinking is
a functioning of this structure using existing relations between its elements.
The internal conceptual knowledge system may change like any other software. Changes of the
ICKS of an individual are caused by his/her learning, cognition and creativity (not by direct
perception).

The external knowledge also comprises a network of concepts, pieces of knowledge, and semantic
images called the external conceptual knowledge system (external CKS). The external
conceptual knowledge system is a set of components — words, symbols, concepts, and semantic
images which may be simple or composite. The structure of the external CKS is a set of relations
among its components. A scientific theory is a part of the external scientific conceptual
knowledge system (SCKS) and except of the formal scientific theory, many other components
belong to the SCKS: facts, semantic images, explanations, and descriptions in the textbooks,
experimental manuals and protocols, and also models of concrete scientific phenomena, processes,
interpretations of theory in reality, expert knowledge connecting the theoretical laws with the
reality, etc. These components of the SCKS are important, if we want to speak about coherent
understanding of theoretical knowledge.

The basic components of the external CKS — (external) concepts are also systems with structure.
We differentiate an intrinsic structure of concepts and links to the other components of the CKS.
The individual concepts of the external and internal conceptual knowledge systems do not have to
contain all elements of their structure in specific cases, particularly in the development of the
scientific concepts in the history of sciences and during their formation in an education process.
Thus we can expect changes of the content and structure of the concepts during their historical
development or individual formation as an effect of learning.

The mental CKS are not accessible to direct observation, but we can create conceptual models of
them which may be based e.g. on a cognition of an external CKS. This approach is possible,
because the conceptual model is a part of the external CKS and a structure of the conceptual
model is a representation of structure in mental model (Hestenes, 2007). Because of outside
effects produced by the internal CKS, we can test, modify, and verify or refuse our models. This
scientific method is usual in science and the Modeling Theory of Hestenes (2006) describes it very
clear: “According to Modeling Theory, science comes to know objects in the real world not by
direct observation, but by constructing conceptual models to interpret observations and represent
the objects in the mind. This epistemological precept is called Constructive Realism by
philosopher Ronald Giere.”
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8. The external CKS are accessible to direct observation in scientific papers, monographs, and
textbooks of all kinds. The structure of the scientific CKS is a subject of the theory of science. It is
needed to emphasize an importance of the ‘additional’ part of the formal scientific knowledge
which connects it with physical world. This part of the scientific CKS is modeled in textbooks as
educational and instructional texts with explanations, examples, illustrations, experiments, tasks,
etc. These texts are divided into knowledge or learning objects as parts of an educational content
of the intended or project curriculum (Adamcikova, Tarabek, 2008).

The above statements concerning the mental and external conceptual knowledge systems comprise
basis for the modeling theory of concept’s and knowledge structure. This theory is an attempt to
model concepts and knowledge as components of the conceptual knowledge systems with acceptance
of usual terms of cognitive sciences. It does not yet cover all terms and phenomena described in the
cognitive science and psychology concerning the concepts and knowledge. But it allows us at least a
little to understand structure of concepts and knowledge in learners’ minds. Thus this theory is
important especially in the meaningful education and instruction process (Ausubel, Novak, 1978)
aimed to creation and formation of a productive and coherent knowledge structure of learners. The
cognitive method of this theory concerning the ICKS is partially outlined in the paragraph 7. The
model of the cognitive architecture of concept is elaborated in the section 5; the model of the
knowledge in the section 6, and the description of developmental levels of common and scientific
concepts in the section 7.

The modeling theory of concepts and knowledge might be also appropriate to model components
of conceptual and mental models of the Hestenes” Modeling Theory.

4. Conceptual Knowledge Systems

The conceptual knowledge system (CKYS) is a pair [M, Re], where M is the set of all elements of
CKS — concepts, knowledge, and their components, and Re the set of all relations between the
elements of CKS (Tarabek, 2007).

Theinternal conceptual knowledge system (ICKYS) is a result of the individual cognitive process
of a human. It is a system of concepts and knowledge which individuals acquire and form through the
process of education, learning, observation, and empirical experience, as well as in the process of
scientific cognition through goal-oriented experimentation and through their own thinking. The
internal conceptual knowledge system comprises the elements and relations between them. The basic
elements of the ICKS are concepts at various levels of abstraction and formation. The concepts are
also systems and involve ‘mental words’ ", mathematical, physical, and other ‘mental signs’ , mental
semantic images expressing a class of denotata (objects, events, phenomena in reality, and entities to
which the given concept refers), features of denotata, and other mental images at various levels of
abstraction. The ICKS also contains experiences and perceptions stored in the memory if they are parts
of concepts or knowledge. The mental models of Hestenes (2006, 2007) as referents of conceptual
models are also part of the ICKS as concrete coherent conceptual knowledge systems.

Relations between the elements of the ICKS are of various types — connections between
components of concepts and among the concepts, declarative knowledge as specific (cognitive)
connections between the concepts. The parts of ICKS are also procedural knowledge as intrinsic rules
of several types of human reasoning: abductive, deductive, inductive, analogical, metaphorical,
analytical, and synthetic (Hestenes, 2006), and specific procedural knowledge .

1) Mental words are units of the mental language (Wittgenstein) or the Language of Thought (Fodor, 1975) and also parts of
mental concepts whereby human beings express mentally the things, objects, processes, entities which they are thinking.
The Language of Thought Hypothesis (LOTH — Fodor) postulates that thought and thinking take place in a mental
language. The Language of Thought consists of a system of representations that is physically realized in the brain of
thinkers.

2) Mental signs are derived from conventional signs, symbols, and icons of common or scientific language and have the
same semantic content.

3) Specific procedural knowledge means specific rules of mathematical and scientific thinking used to solve concrete
scientific tasks and problems.
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The concepts as elements of the ICKS are mental representations of categories (Medin, Heit,
1999, Byrne, 2004) where “the category is a set of objects that share some features in common,
somehow distinct from objects in other categories. In the classical Aristotelian view, concepts are
proper sets, defined by list of features that are both singly necessary and jointly sufficient to identify
an object as an instance of a category (Leary, MacDonals, Tangney, 2005)”. To distinguish the
concepts as elements of the ICKS from the concepts as elements of the external conceptual knowledge
systems and from the term “concept” in Hestenes (2007), we use for them the term internal concepts
or the term mental concepts (see the Stanford Encyclopedia of Philosophy, http://plato.stanford.edu/).

The mental world of human mind involves also mental images and constructions — more or less
clear, which are not connected with mental words and are not parts of mental concepts. These mental
constructions are not expressed by words and if they are represented by specific mental pictures with
critical attributes of the denotata (the RSI, see the section 5.1) we can call them non-verbal concepts.
In other cases they we can call them ideas or intuitions which can be “elevated to concepts by creating
symbols to represent them” (Hestenes, 2006). Much of the mathematical and physical thinking of
physicists at the conscious level is imagistic without words. “The words or the language, as they are
written or spoken, do not seem to play any role in my mechanism of thought. . . . The physical entities
which seem to serve as elements in thought are certain signs and more or less clear images which can
be voluntarily reproduced and combined. . . . The above-mentioned elements are, in my case, visual
and some of muscular type. Conventional words or other signs have to be sought for laboriously only
in a secondary state... from a letter by Einstein, in the paper of Hestenes (2007).”

The external conceptual knowledge system (ECKS) is the result of the social cognitive process,
i.e. the cognitive processes of human society as a system of cognitive agents, while it is necessary to
distinguish which system is being discussed.

The scientific conceptual knowledge system (SCKS) is the result of the cognitive process of
a scientific community in a given science. It consists of the scientific concepts, terms, facts, laws,
principles, theories, their applications and interpretations, and cognitive, modeling, application, and
interpretation methods and procedures that the given science makes use of. The scientific external
conceptual knowledge system also includes the scientific representation of reality (from the point of
view of the given science) — the system of general images of the reality consistently connected with
the scientific knowledge and formulated usually in the natural language with scientific terms.
Scientific ECKS also involves concepts of the natural language that scientists/experts use when they
present scientific results to people who are not experts in the given science (Tarabek, 2007). The
representations of scientific conceptual models of Hestenes (2007) — “in concrete inscriptions of
words, symbols, or figures” — are also parts of the scientific CKS. The technical external conceptual
knowledge system is the result of cognition and the work of experts and scientists in a given technical
field. The social external knowledge systems are formed by the general experience and thinking of
humans in the process of cognition of reality, and they are transmitted to subsequent generations by
diverse means of social communication. Scientific, philosophical, technical and social external
conceptual knowledge systems have always been transmitted to subsequent generations by means of
education. Only the few most educated individuals acquire the complete conceptual knowledge system
in the given science or technical field as a whole, so that their internal conceptual knowledge systems
are, in effect, mental models of the corresponding external conceptual knowledge system. Analysis of
the historical development of external knowledge systems led to distinguishing of several levels of
external conceptual knowledge systems in physics: primitive-empirical, empirical, parametric,
structural and formal (Tarabek 1988, 1989, 2002, 2003, 2006).

The concepts as components of the external conceptual knowledge system are also systems and
involve words, mathematical, physical, chemical, and other signs (symbols, icons, tokens, diagrams,
etc.), semantic images expressing denotata class (objects, events, phenomena in reality, and entities to
which the given concept refers), features of denotata, and other semantic images at various levels of
abstraction. To distinguish the concepts as elements of the ECKS from the concepts as elements of the
ICKS, we use also the term external concepts * for them.

4) In the cognitive psychology, cognitive science and science education research, the term “concept” is used in both
meanings
— ‘mental’ concepts as elements of mental models of reality in the human mind, and also
— ‘external’ concepts as elements of conceptual models of reality — scientific or expressed by common language.
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The conceptual models are also parts of the external CKS as coherently structured units of
concepts’ and knowledge systems.

In relation to the terms “internal and external conceptual knowledge system” we also use the
following terms: internal (mental) knowledge — exter nal knowledge.

The relations between internal CKS and external CKS are outlined in the figures 6, 7, and 8 which
are partially based on the figure 5 of Hestenes (2006).

Creating of conceptual models

A\ 4

Internal (mental) CKS as
a personal knowledge

External CKS as a general
knowledge expressed by

a common language and/or
a scientific knowledge

A

Influence of conceptual models on
the creating of mental models

Influence of conceptual models on the
methods of scientific observation,

i experimentation, and registration

/

Perception &

Scientific registration % Action & Scientific observation and experimentation

Real objects, events, processes,
phenomena, and entities

Fig. 6: Internal (mental) CKS and external CKS in the process of cognition

The internal CKS influences perception, the external CKS influences creating of mental models. The
bold arrows represent processes, the narrow arrows represent influences.

Creating of personal conceptual models

A\ 4

Internal (mental) CKS as
a personal knowledge

External CKS as a general
knowledge expressed by

a common language and/or
a scientific knowledge

A

Learning and understanding

g Action Influence on creating of

semantic images as parts
of personal CKS

/

Perception, creating of
mental imagery, and
imagination

Real objects, events, processes,
phenomena, and entities

Fig. 7: Internal (mental) CKS and external CKS in the process of learning

The personal external CK S (personal ECKS) is created during the process of learning as external
texts, semantic images, diagrams, pictures, etc. The simplest form of the personal ECKS is an
underlying and using of highlighters in the text of a textbook. The one necessary condition of learning
with understanding is creating of mental imagery connected with taking or creating of semantic
images in the personal ECKS (the rule of clearness in instruction). The bold arrows represent
processes, the narrow arrows represent influences.
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Construction: conceptual model is a construct.

Internal (mental) CKS as » External CKS as a general
a personal knowledge knowledge expressed by
a common language and
Relation of reference: mental model is a a scientific knowledge

referent of a conceptual model. The structure
of the conceptual model is a representation of
structure in a mental model.

Scientific model is
Various interpretations a scientific
Mental model is of the scientific model representation of
a representation of real in reality a physical system
world as it is conceived. or process.
Such mental model is
usually a preconception.

Real objects, events, processes,
phenomena, and entities

Fig. 8: Internal (mental) CKS and external CKS in the light of cognitive science

The blue arrows represent relations: Conceptual models of the external CKS are constructions that
represent physical systems and processes and mental models in the internal CKS are their referents.
These models — if they are scientific — may have various interpretations in reality.

The main term of this work is “concept”. This term is also used in the papers of Hestenes (2006,
2007), thus I want to show a comparison of the Hestenes’ definition of concept (H-concept or HC)
with the model of concept presented in this work (triangular model or TM).

The HC is defined as a triad represented by
a symbolic form in the Fig. 4. The meaning of @
the HC is its relation to mental models that
means a relation between the symbol and mental
models.
The form of the HC is its conceptual -

structure, including relations among its parts and meaning

its pl ithi tual t Hest
;(S)O%)ace within a conceptual system (Hestenes, Fig. 4: Symbolic form of a concept

The TM is represented by a triangular form

in the Fig. 9. The meaning of the TM is a set of \_Sij()fconcept

all subordinated concepts and images and also Core of concept
relations between them and the core. The
concepts and images of meaning represent
objects, events, processes, and phenomena of the C | <!
real world, and also they represent entities as |
conceptual constructs modeling things of the real /= -
world. /

\

The sense of the TM is a set of concepts / \ Meaning
assigned to the concept core which can be in / Meaning layers \ of concept
symbolic  expression, speech or thought / N\

meaningfully connected with the given concept |[~————----—-——————
core (except for subordinated concepts) and
sense links from the core to the assigned
concepts. The sense of the TM corresponds

Fig. 9: Triangular structure of concept
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partially to the form of the HC; the meaning of the HC differs from the meaning of the TM.
The TM models both kinds of concepts: external as well as mental. The Fig. 10 shows relation of
reference between mental and internal concepts and also relations of representations to the real world.

Construction: external concept is a model of a mental concept.

A 4

Internal (mental) concept External concept

Relation of refer ence: mental concept is
Mental concept is a referent of an external concept.

a representation of Scientific concept
a category (class of Interpretations of the is a scientific
denotata) of real external scientific representation of
world.as itis concept in reality physical things or
conceived. ) processes.

Real objects, events, processes,
phenomena, and entities

Fig. 10: Mental and external concepts: relations of reference, modeling, and interpretation.
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5. Model of Cognitive Architecture of Concept

The model of the cognitive ar chitecture of concept describes a specific structure of common or
scientific concepts and their semantic frames as components of the conceptual knowledge systems,
which may be external or internal — mental. The model distinguishes the concept’s meaning and sense
as two disjunctive sets following Frege’s idea of sense and reference/meaning (Frege, 1892). The basic
components of the model are: core of a concept, periphery of a concept, meaning M and sense S of a
concept, their mutual connections and also the hierarchical layers of the meaning (see Fig. 13). The
model of the cognitive architecture of concepts is a theoretical construct based on knowledge of
cognitive psychology, cognitive science, and educational research that shows a structure of external
common and scientific concepts and their semantic frames and a possible structure of internal (mental)
concepts and their semantic frames in a human mind.

The semantic frame of the concept consists of the meaning, and the sense.

The internal (mental) concepts are private constructions in the mind of an individual which are
used in his/her speech and thought as activating elements — they activate words of speech or “words”
of thought as internal speech. The internal/mental concepts (MC) can be elevated to external concepts
as models of MC by encoding elements and structure of mental concepts in symbols — words, signs,
icons, semantic images etc. (see Fig. 10 — link of construction). In reverse, these symbols activate the
individual’s mental concepts and corresponding mental concepts in the mind of other individuals (see
Fig. 11). Thus the external concepts are shared conceptual models of humans.

Activation: mental concepts activate words.

\ 4

Internal (mental) concept P External concept

Activation: symbols of external concepts activate mental concepts.

Fig. 11: Mental and external concepts: relations of activation.

5.1 Coreand Periphery of Concept

Core of an external concept is composed of three mutually linked components: a symbol (e.g.
a word or assembly of symbols: a word and a sign/icon), a r epresentative semantic image — RSI, and
an intrinsic structure of the concept — internal components of the concept and relations among them.

Core of a mental concept is composed of three mutually linked components: a mental word
and/or mental sign/icon, a mental RSI, and a mental intrinsic structure of a concept — internal
components of the concept and relations among them.

The mental RS is the dominant structured image that emerges in the mind after saying a given
word and may appear in the mind during a thought operation with the mental word or symbol. The
mental RSI may be a mental prototype (Rosch, 1978).

The external RSl is a part of an external concept. The external RSI as external prototype
contains a list of characteristic features that object in extension of related concept tends to possess.
The list a features is applied by judging the similarity between the RSI and the mental representation
produced by an object as it is experienced. Thus the RSI corresponds to the prototype of the natural
category (Rosch, 1978) or the perceptual category (Nolan, 1994) and the mental RSI is an image form
of the prototype. The external RSI as a core of a conceptual category (Armstrong at al, 1983, Nolan,
1994, Sternberk, 1999) contains a list of characterizing properties — attributes of objects in the
extension of the related concept. The attributes are used in definitions together with superordinate
concept (see “attributive sense links” in the section 5.3).

The intrinsic structure means a system of relations among attributes (or among features of
a prototype). For example, the attributes of triangle are three vertices and three sides. The intrinsic
structure is a system of relations among the constituent vertices and sides of the triangle. The attributes
of an iron ball are its mass, volume, and spherical shape (given by its radius and surface). The intrinsic
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structure is a system of relations between the volume and the mass, between the radius and the
volume, and between the radius and the surface. Highly abstract concepts possess probably no intrinsic
structure. For example, attributes of a solid body are its mass, constant volume and constant shape.
The relations among these attributes belong to concrete solid bodies only (e.g. iron ball, wooden cube,
glass ball). We can not speak about the relations among the properties of an abstract solid body.
Attributes of a mass point are its mass and zero volume. There is also no intrinsic structure between
the mass and the ‘volume’ of the mass point.
The mental intrinsic structureis a mental model of the external intrinsic structure.

Periphery of a mental/external concept is composed of the set of meaning and sense links from
the concept’s core to the all concepts of the meaning and sense which can be meaningfully connected
with the given concept’s core in speech or thought / in external conceptual knowledge system. The
relation to the superordinate concept belongs also to the periphery.

5.2 M eaning of Concept

Meaning M is composed of the set of all cores of subordinate concepts and sets of images
referring to the given core and of the set of meaning links from the core to the subordinate concepts
and images (see Fig. 13). In the meaning of the concept, we can differentiate hierarchical meaning
layers. In the Fig. 13, three layers M1, M2, and M3 are distinguished.

The meaning layer M1 is the set of the most abstract concepts which are subordinated to the
given concept core and divide the whole class of denotata into disjoint subclasses. For instance, the
class M1 of subordinate concepts of the concept “force” is composed of the concepts: “gravitational
force”, “electromagnetic force”, “nuclear force”, and “weak interaction”. However, it is necessary to
emphasize that other classes of such concepts may exist in the scientific system of physics. Forces are
divided, for instance, into real and fictitious in classical mechanics. The real forces are divided into
distant and contact.

The meaning layer M2 is a set of concrete concepts and semantic images which may be
subordinate to the abstract concepts of M1 or to core C. For example, the concepts of contact forces
(pushing and pulling forces, friction, sir resistance) and concepts of distant forces (electrical,
magnetic, gravitational) comprise set M2 of the concept “force” (see Fig. 12).

p. g |
S ;-'JL_

direction of motion

As long the forces on the bicycle balanced

Force of fricion acts between each other, its motion will not change. The
ﬂny- I'wﬂ surfuces moving pﬂs"‘ biC'_-p'CIE wlthﬂut tmctil:ln Wl” SIDW EICIWH
one another hecause friction acts in & a direction
opposite to its motion.
Boy pushing o box Boy needs less force
" iﬁ Air resistonce =
_,_ii_' 4 o e e O il % Gird mowes o bigydle

r *

:ﬁ. ‘? pushing the pedal b
riction "}

Friction is smaoll *
icifon een road and’olling ryres

Fig. 12: Meaning layer M2 of the concept “force”: the concepts of p@hing and pulling forces,
friction, air resistance, etc. These forces comprise the extension of the concept “force”. The
meaning layer M3 is a set of semantic images which may be internal (mental) or external.
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The meaning layer M3 is a set of concrete semantic images of denotata in a concrete situation
which refer to the core C or to the elements of M2 and M1. The mental images can be perceptions of
concrete objects, events, phenomena, etc. stored in a memory or mental constructions of them. The
external semantic images can be diagram or pictured constructions of concrete objects, events,

phenomena, etc. of reality.

The extension E of the given concept is the class of denotata — objects, phenomena, events in
reality and entities to which the word or symbol of the given concept points. The extension is not

a part of the meaning.

Meaning links are firstly the links between the concept core and subordinate concepts or images,

and, secondly, all other links between the elements of the meaning layers.

[ Superordinate concept ] Concept = core + periphery

A

Core C of concept

— Symbol S (word, sign, icon)

— Representative semantic image @
(prototype or core of category)

— Intrinsic structure

(except for

|

I S1 — Set of concepts assigned to

! the concept core which can be in
| Sense links symbolic expression, speech or

| thought meaningfully connected
: with the given concept core

|

|

subordinated concepts).

L1

M1 — set of referential concepts — set of the most abstract
subordinate concepts which divide gxtension in disjoint sets
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|
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|
|
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|
|
|
|
: M2 — set of concrete subordinate cdncepts and (mental) semantic
|
|
|
|
|
|
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images which refer to the above concepts of M1 or to core C

|
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|

|
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/ / \ \l:/leaning links :
|

|

|
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|

|

M3 — concrete (mental) semantic images of the objects, phenomena,
events, and entities in the mind of the person named by above symbol S.

E — Extension — class of denotata: objects, phenomena, events, entities
named by above word W

S— Sense of concept
=set S1 and sense
links

J M —Meaning of
concept

M=M1uM2uU M3

and meaning links

N

Semantic frame of
concept = meaning
and sense

Fig. 13: Model of cognitive architecture of common and scientific concepts

The rectangular boxes represent the components of the cognitive architecture (core C, S1, M1, M2,
M3), the dashed boxes represent subsystems (meaning M and sense S — semantic frame), the dotted
box represents a complete concept (core and periphery), and the arrows represent links between the
components of the cognitive architecture of concept. The green link expresses assigning of observed
objects, phenomena, events, and entities to the given concept by force of the RSI.
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5.3 Sense of Concept

The sense of concept consists of the set S1 of assigned concepts which can be in symbolic
expression, speech or thought meaningfully connected with the given concept core (except for
subordinated concepts) and sense links from the core to the assigned concepts (see Fig. 13).

We can divide sense linksinto qualitative, attributive, cognitive, operational, and contextual types.

Qualitative sense links are the links to concepts which express potential qualities. Potential
qualities are properties characterizing denotata of subordinate concepts belonging to the meaning. The
connection of potential qualities to a given concept results in its division into subordinate concepts.
For example, potential qualities of a tree are expressed as “broad and flat leaves” or “needles”. Thus
the class of trees is divided into two disjoint subclasses: deciduous trees and conifers. Potential
qualities of a human are male and female. Thus the class of humans is divided into two disjoint
subclasses: men and women. Potential qualities connected to the concept “force” are “gravitational”,
“electromagnetic”, “nuclear” and the quality expressed by the term “weak interactions.” Thus the
general concept of force is differentiated into referential concepts: “gravitational force®,
“electromagnetic force, “nuclear force*, and “weak interaction®.

Attributive sense links are the links to concepts which express attributes of a given concept.
Attributes of a given concept are the relevant properties characterizing the denotata class (objects,
phenomena, events, and entities denoted by the name of the concept) ”. According to these properties,
we are able to categorize an observed object, phenomenon, event or entity into a denotata class (an
extension of the given concept). For instance, the concept “body” has its mass as an attribute. The
concept “force” has an attribute the fact that the force causes acceleration or deceleration of a body’s
motion or a curving of its trajectory. The concept “husband” has two attributes: married and adult.
Thus a husband is a married and adult man. (The “man” is a superordinate concept.)

The attributes are used in definitions together with superordinate concepts. For instance, in the
definition “Body is a mass object”, “object” is a superordinate concept while “mass” is an attribute. In
the definitions “Solid body is a mass object with constant volume and shape” or “Liquid is a mass
object with constant volume and variable shape”, “mass object” is a superordinate concept and
“constant volume” and “constant/ variable shape” are attributes. In classical mechanics, “a force is the
cause of acceleration or deformation of the body” (where the acceleration means acceleration,
deceleration or curving of the trajectory). The cause is the superordinate concept. The acceleration and
deformation are the attributes. In the definition: “In mechanics, a force is an interaction that causes
acceleration or deformation of a body” (Glenn, 2008), “interaction” is a superordinate concept
whereas “acceleration” is an attribute. In modern physics, “a force is a mutual interaction of physical
bodies or bodies and fields.” Thus “the interaction of physical bodies (or bodies and fields)” is a new
attribute of “force” which as a primary term has no superordinate concept. Thereafter the term “force”
was replaced by the term “interaction”.

Cognitive sense links are links between the core of the given concept and concepts that are
related to physical and natural law (rule, principle) together with this concept. For example, if we
consider Newton’s second law in the form F = m- &, the cognitive links of the force F are given by this
formula, e.g. “aoF “, “F o< a*, “alTF “, and from the light of the Newtonian conception, the link “F
= a” (a force causes the acceleration) also belongs to above ones. If we consider mental conceptual
knowledge systems, students have a mental cognitive link “F = &” from the concept “force” to the
concept “acceleration” if they understand that a force causes the acceleration of a body’s motion or the
curving of its trajectory. Another cognitive link is “aF “, i.e. the acceleration is directly proportional
to net force (when mass is constant), or “aTTF ”, i.e. the acceleration has the same direction as the
force.

5) Some concepts have no typical attributes. For example, we can not specify sufficient properties of a bird. We can say that
wings, feathers and beaks are characteristic properties of a bird. But what about penguins or young chicken? Do penguins
have feathers? Yes, they do, but that are not typical feathers. Do chickens have feathers? They have a fluff only. These
concepts belong to natural categories (Rosch, 1973) where we can not speak about the typical attributes. We can speak
about characteristic or critical features/properties then the attributive links connect the given concept with the concepts
expressing characteristic/critical features/properties.
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Another example: if we consider the formula O = 2nR for calculation of a circumference of a
circle, the cognitive link between the circumference and the radius means understanding that the
circumference is 2n-times greater than the radius of a circle.

Operational sense links are the links between the core of the given concept and concepts that
belong to physical or mathematical definitions using variables together with the given concept. These
links are expressed also by operational definitions, or correspondence rules for assigning measured
values to states pf physical system (Hestenes, 2006) which are realized by mathematical formulas or
thought operations. Operational links exist in the mind of a student if he/she knows how to “read” the
physical definitions. For instance, if a student knows how to “read” the definition = “s=v -t (path
equals product of steady speed and time), in the structure of his/her concept of ,,path” there are the
links S o< v “ (path of steady motion is directly proportional to the speed of motion) and “Se< t ” (path
of steady motion is directly proportional to the length of time interval). If student knows how to read
the definition a = dv/dt (acceleration is the derivative of speed with respect to time), he/she knows and
understands that “acceleration is directly proportional to the differential change in speed” and
“inversely proportional to the differential change in time”. Operational links mean also connections
between physical quantities and the units which are used to measure them. For example, the
operational link between a path/distance/displacement and units of length in the mind of student
allows him not only measurement of a path/distance/displacement but to imagine and compare
different distances or displacements — to this link belong also mental images of various “distances”
expressed in adequate units ®.

Contextual sense links are the links between the core of a given concept and all other concepts
that may be meaningfully connected with the given concept in statements, propositions, sentences, etc.
This term does not designate qualitative, attributive, cognitive and operational links. For instance, the

LR I3

concept “force” can be meaningfully connected in sentences with the concepts “motion”, “action”,
“field”, “space”, “time”, etc. Contextual links between concepts are realized in arranging words into
meaningful statements. Clearly, the sentence: ”The car has green leaves” is meaningless, because there
is no contextual link between the concepts “car” and “green leaves”. Contextual links enable us to
create predicates — verbal statements concerning attributes, laws, definition assignments and also

statements concerning meaningful links from a given concept both downwards and upwards.

6. Declarative and Formal Knowledge

The set of concepts connected by the cognitive links and a symbolic form of these links (expressed
by a mathematical formula) comprises the structure of declar ative knowledge (conceptual
knowledge).

The model of cognitive architecture of knowledge is composed of a core of knowledge, periphery
of knowledge, meaning M and sense S of knowledge and their mutual connections (see Fig. 14). The
model of the cognitive architecture of knowledge is a theoretical construct based on knowledge of
cognitive psychology, cognitive science, and educational research that shows a structure of external
common and scientific knowledge and their semantic frames and a possible structure of internal
(mental) knowledge and their semantic frames in a human mind. The semantic frame of knowledge
consists of the meaning and the sense.

Core of an external knowledge is composed of two mutually linked components: a symbolic
formula or word proposition and an intrinsic structure of knowledge given by relations among
symbols of formula or main words of proposition.

Core of a mental knowledge is composed of two mutually linked components: a mental image of
the formula or mental word proposition and the RSI — a mental image of an intrinsic structure.

Periphery of mental/external knowledge is composed of the set of meaning and sense links from
the knowledge’s core to the all concepts of the meaning and to the all pieces of knowledge in the
sense. The relation to the superordinate knowledge belongs also to the periphery.

6) It was found that some our students know “nothing” about real distances on the Earth. They e.g. calculate the distance
between Bratislava and New York as 683 700 km instead 6 837 km due the mistake of two orders of magnitude and are
not surprised. When I asked them to compare the result with the circumference of the Earth, I found they have had no
image about various distances on the Earth. These and similar findings are connected with a missing of a cardinal
dimension of numbers expressing magnitudes, length, etc. (Tarabek, 2008d).
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As follows from the model of the cognitive architecture of concept, the part of structure of the
declarative knowledge is also its meaning. The meaning of knowledge consists of all main concepts
related to the knowledge (described by symbols in a mathematical formula or main words in
proposition) and their subordinated concepts, semantic images, semantic images of cognitive links,
and corresponding facts. To the meaning belong also the operational definitions of the related concepts
which assign observed facts and measured values to them. For instance, the knowledge of Newton’s
second law consists of the formula F = m- @, the related concepts “force”, “mass”, and “acceleration”,
the links F = a, a e F, a TT F, a o« 1/m, their semantic images (see Fig. 14), and operational
definitions of the variables F, a, and m.

The sense of the knowledge is a set of other laws of the corresponding theory as well as its limits
of validity, scientific image of world, etc. Thus the sense of the knowledge expressed by the formula
“F =m a “ comprise other laws of the Newtonian theory as well as its limits of validity, scientific
image of world in Newtonian mechanics, etc.

Superordinate knowledge
Lagrange equations Knowledge = core + periphery
y
s T T
Core of knowledge S1 — Set of other laws of

the Newtonian theory as
Serse links | Well as its limits of
validity, scientific image
of world in Newtonian
mechanics, etc.

— Formula F = m a (symbols & relations) |
— Intrinsic structure: relations between force |
and acceleration, and between acceleration |«
and mass given by above formula

Meaning links

[ o PR g

! .

:@— Concept of force Foa axF Concept of acceleration @ S — Sense of knowledge
| Cognitive links e /m !
I \ [
: Concept of mass | |Cognitive link :
| |
| |
| |
|
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|

|

|

|

M — Meaning
of knowledge

Meaning of
the concept

/ “force”
|

Meaning of
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Meaning of
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Semantic frame
- T ————— ! of knowledge =
meaning and sense

R

E — Extension of knowledge — class of denotata: objects, phenomena, events,
entities corresponding to the above formula

Fig. 14: Model of cognitive architecture of declarative knowledge given by the formula F =m- a
The OP mean operational definitions of the variables F, a, and m. The green links express assigning of
observed facts and measured values to the variables. The diagram express an idea of coherent structure

of scientific knowledge that describe nature and that have been established by scientific cognitive

modeling, observation and experiment (Hestenes, 2007, Wieman, 2007).
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The declarative mental knowledge in the mind of an intelligent agent (human or artificial)
belonging to the mathematic formula is composed of a mental model of the formula, mental models of
symbols in the given formula, mental image of an intrinsic structure (the core of mental knowledge),
and the meaning and sense of the knowledge. The meaning of the knowledge consists of all main
mental concepts related to the knowledge (described by symbols in a mathematical formula), their
subordinated concepts, mental semantic images, mental semantic images of cognitive links, mental
images of corresponding facts as are conceived, and also mental operational definitions (see Fig. 15).
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Fig. 15: Model of cognitive architecture of mental knowledge given by the formula F =m- a
The OP mean mental images of operational definitions of the variables F, a, and m. The green links
express assigning of observed facts and measured values to the variables.

Formal knowledge in the mind of a student means mental knowledge of the formula without the
appropriate cognitive links and without the meaning of the knowledge or these components are not
completely built in the mind. That means formally built related concepts with ‘narrower’ meaning and
operational definitions reduced to calculation rules— how to calculate tasks by the given formula (see
Fig. 16). For instance, the cognitive link between the force and the acceleration “F = a” was found
only in 23 — 32 percent of secondary school students from seventh grade up (Tarabek, 2007). It was
demonstrated that even if students know formula for Newton’s second law and they are able to use it
in problem solving they do not have to understand the connection between force and acceleration as
“force causes acceleration or deceleration of body’s motion or curving of its trajectory”. Similarly, it
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was shown that knowledge of Ohm’s law: | = U/R and its application to various tasks does not mean
that students are conscious of the cognitive link of inverse proportionality between current and
resistance: | < 1/R. It was also shown that pupils in the seventh grade of secondary schools know the
formula O = 2nR for the calculation of the circumference of a circle and they are able to calculate it.
But only a small part of them (around 16%) understands that the circumference of circle is 27n-times
greater than its radius which means the cognitive link between the circumference and the radius
(Tarabek, 2007c).

Core of mental knowledge S1 - Set of other laws of

the RSI — mental image of formula F =m- a No sense links the Ne\yton.iar? theory as
well as its limits of

A A 4 validity, scientific image
Meaning links of world in Newtonian
ooy ———— ————————— —y—————— ; | mechanics, etc.

Mental concept Mental concept Mental concept :
of force of mass of acceleration I
|

No assigning of
observed facts and
measured values to
all concepts related
to the above formula

| M — meaning
: of knowledge

E — Extension of knowledge — class of denotata: objects, phenomena, events,
and entities corresponding to the above formula

Fig. 16: Model of cognitive architecture of formal knowledge in the mind of student corresponding to
the formula F = m a. The CR mean mental images of calculation rules corresponding to the variables
F, a, and m—how to calculate tasks by the given formula. The meanings of (M of) related concepts
are poor. This diagram models a situation when “students — physic’s novices see the content of physics
instruction as isolated pieces of information disconnected from the world around them (Wieman,
2007)” and they think like a computer — they just simply seek some formulas to solve a problem —
without understanding and imagination of real situation (see the introduction of the section 3).

7. Developmental Levelsof Concepts

Besides the description of concept formation (Tuomi, 1998) through the Vygotian phases
(Tarabek, 2007c), the model distinguishes four levels in the development of concepts: primitive,
empirical, exact, and formal. The empirical concepts at the empirical level are concepts of common
language (or CS concepts of Hestenes, 2006), the exact concepts at the exact level are components of
scientific conceptual knowledge systems, and formal concepts at the formal level are components of
mathematical theories or formal theories in physics.

The analysis of children concepts led to the distinguishing of several Vygotian stages in formation
of concepts (Vygotsky, 1986, Tarabek, 2007c, 2008d). The analysis of the historical development of
the external conceptual knowledge systems led to the distinguishing of several developmental levels of
common and scientific concepts (Tarabek, 2007c, see Fig. 17).

7.1 Primitive level of concept

Concepts are formed in the environment of the natural language and in children’s experience.
Children have experience with objects and phenomena (denotata) and hear the names of them.
Afterwards, they assign corresponding mental images of the objects and phenomena to listened names.
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Then the characteristic attribute of a concept core at the primitive level is a word. The meaning
consists of concrete mental semantic images of denotata and their links to the word — name of concept.
The meaning involves the meaning layer M3 only. The sense of the concept comprises contextual
links between the core and the set S1 that is a set of all other concepts which may be meaningfully
connected with the given concept in statements, propositions, sentences, etc. This level of concepts
corresponds to the primitive empirical level of CKS. At this level of CKS, the experience, as the
lowest form of knowledge, has the form of space-time links. The other types of links include primarily
causal relations, which were observed first in the human community and subsequently in the nature.
The set Re (set of all relations between the elements of CKS) also includes the experience expressing
the attributes of the objects, events and phenomena — the qualitative links. The dominant approach to
reality is the relational approach — i.e. the search for the relations and links between the objects,
phenomena and events.

7.2 Empirical level of concept

The representative semantic image (RSI) is formed and subsequently connected to the concept
core at the empirical level. The RSI is an image prototype which includes all features that are
characteristic for the denotata class referred to the concept. A core of the concept consists of the word
and the RSI. The meaning consists of two meaning layers M2 and M3 and their links to the core or
their links to each other. The layer M2 is a set of subordinate concepts. The layer M3 is a larger set of
concrete mental semantic images. The sense of the concept is comprised of all assigned concepts,
which may be meaningfully linked to the core C in statements, propositions, sentences, empirical
physical laws (set S1) and all sense links. The sense links involve contextual, qualitative, attributive
and cognitive ones. The physical concepts attain the empirical level at the empirical level of
conceptual knowledge systems. At this level, besides the relational approach, a natural laws
approach is also exploited, i.e. the cognitive agent searches certain laws in the studied universe.
These laws have the form of the so-called laws of phenomenon, which are empirical causal laws of
the type “phenomenon = phenomenon” or “entity = phenomenon”. These laws of phenomenon are
formulated as simple factual statements describing attributes and behavior of the objects, the course of
phenomena, processes, etc. It is obvious that these laws are generalizations of empirical experiences
coming out directly from observation. In connection with Aristotle, these laws and corresponding
statements are of the type “Heavy bodies fall downwards and light bodies (smoke) rise upwards.”,
“Bodies fall downwards faster if they are heavier, and slower if the resistance of the environment
(determined by size of the body and the density of the environment) is bigger.”

7.3 Exact level of concept

The symbol connects to the concept core at the exact level. This level attains these concepts only,
which refer to the physical quantities represented by symbols. We call this type of concept the symbol
concept. The core of the symbol concept is composed of the word, the RSI, the symbol and the
intrinsic structure. The meaning of the symbol concept is composed of all three meaning layers M1,
M2, and M3, the meaning links of their elements to the core and meaning links between the elements
of the sets M1, M2, and M3. The abstract subordinate concepts comprise the meaning layer M1. The
subordinate concrete concepts comprise the larger set M2. The mental semantic images of denotata
comprise the set M3.

The core can be separated from the meaning and the mind can operate independently with it with
the help of symbolical formulas. The symbol concept may have several related classes M1 of
referential concepts — the meaning field.

The sense of the symbol concept consists of the set S1 and all sense links. The set S1 consists of
all assigned concepts, which may be meaningfully linked to the core C in statements, propositions,
sentences, physical laws, rules, principles, etc. The sense links are as follows: contextual links, links to
the actual and potential qualities, attributive links, cognitive links, and operational links.

The symbol concepts attain the symbolical level at the parametric/symbolic level of conceptual
knowledge systems and continue at the structural level. At the symbolical and also at the empirical
level, the superordinate concept may be connected to the given concept — except in the situation where
it is the primary physical concept.
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The parametric level of the external conceptual knowledge systems is characterized mainly by the
fact that the natural (physical) laws are described by the mathematical language as relational or
functional links between the (physical) quantities. The laws, which had at the lower — empirical level
the verbal form, attain at this level the so-called parametric form expressed usually by the functional
dependence F = (hy, hy,...,h, ) = 0, where h; (i = 1, 2,..., n) are the values of the parameters S, S,,..., Sy
describing the processes, attributes of the objects, phenomena and the like. Typical parametric
physical laws are e.g. the Galileo’s law of free fall, Kepler’s laws, Gay-Lussac’s volume law for gases,
Proust’s law, Dalton’s law, etc. The parametric level is further characterized by the fact that every law
describes certain specified class of phenomena and there are no links between single laws. This level
was attained for instance in the pre-Newtonian mechanics or electrodynamics before Maxwell.
Besides the natural laws’ approach of formulating laws in the mathematical language, there is also
explanatory approach leading to creation of new concepts, links, models, principles and laws in the
form of partial hypothesis explaining the form of existing laws. Besides the laws in the mathematical
language, the verbally formulated laws — principles are also a part of CKS at the parametric level. The
parametric level of CKS also contains the space-time models of the studied universe, which form the
framework for the physical parametric laws.

The process of idealization leads to creation of the idealized concepts (i.e. concepts referring to
the idealized class of denotata) enabling the description of the phenomena by means of physical
quantities. These concepts are, for instance, distance, displacement, speed, velocity, acceleration, time,
mass, momentum, force, etc. Many mathematical concepts are also idealized concepts.

However, the process of idealization concerns also concepts, which do not describe physical
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quantities; in physics, there are, for example, the concepts: “point mass”, “solid body”, “centre of
gravity”, etc; in mathematics, the geometric concepts “line segment”, “point”, “line”, “triangle” etc.

The idealized concepts are abstract thought-constructions and their denotata are entities, unlike
the concepts of the empirical level, which are mostly material, i.e. their denotata are objects,
phenomena, events, and processes in the reality.

The structural level of the external conceptual knowledge systems is characterized by the creation
of complex structures of scientific knowledge, which have the form of the closed scientific theories
explaining all parametric laws and rules discovered in the preceding stage at the parametric level of
cognition. For example, mechanics attained the structural level by the Newton’s theory (Newton’s
laws of motion), electrodynamics by the Maxwell’s theory.

At the structural level of the CKS, the idealized concepts from the parametric level are completed
into the definitive form, which is characterized by the possibility of separating of the meaning layers
from the core. In the concept structure, the sense links dominate and integrate the concept into the
structural network of scientific theory.

New concepts, necessary as building blocks of a new theory, are created at the structural level.
Such concepts are for instance “energy” in mechanics, “entropy” in thermodynamics, “operators” in
quantum mechanics, etc.

7.4 Formal level of concept

The concepts at the formal level, known as formal concepts, do not use a meaning in thought
operations in physics and mathematics. The formal concepts are fully determined by sense links, and
especially by operational links in operational definitions. The other sense links are as follows:
contextual, qualitative, attributive and cognitive links. The core of the formal concept is composed of
the word and the symbol. The RSI may also be there, but it is unimportant. The core is fully separated
from the meaning layers M1, M2, and M3, i.e., the usage of the formal concepts in thought operations
in physics and mathematics needs no meaning substructure. The formal concept may have more added
meanings as various interpretations of the concept core in reality. It can be also a fictitious reality. The
concepts usually attain the formal level at the formal level of conceptual knowledge systems but they
may attain the formal level earlier — at the structural level of conceptual knowledge systems.
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L evels of the physics concepts Concept “shape” — core and meaning

1. Primitive level

The core of the concept consists of the word name only.

The meaning consists of concrete mental images
and their links to the word.

2. Empirical (pre-scientific) level

The core of the concept consists of the word and the
representative semantic image (RSI).

The meaning comprises a set of concrete concepts (M2),

concrete mental semantic images of denotata (M3), their
links to the core and their links to each other.

Core — word
Concrete
semantic images

Core = word + RSI

Concrete concepts and
semantic images

. Exact (scientific) level

The core of the symbol concept is composed of the word,

the symbol, the RSI, and the intrinsic structure (IS).

The meaning is composed of the subordinate abstract
concepts and the larger set of concrete concepts, and

the mental semantic images of denotata, their links to the
core and to each other.

The core can be separated from the meaning and the
mind can independently operate with it.

Core = word +

symbol + RSI + IS % 6

Subordinate concepts / \
and mental semantic / \
images of denotata /
connected to the core ¢
of the concept

4. Formal level

The core of the formal concept is composed of the
word, the symbol, and the intrinsic structure (IS).
The RSI may also be there, but it is unimportant.

The core is fully separated from the meaning layers
M1, M2, and M3, i.e. the usage of the formal concepts
in thought operations needs no meaning substructure.

The formal concept may have more meanings that
are various interpretations of this concept’s core in
reality. It can be also a fictitious reality.

Core = word +
symbol + IS

Various interpretations
of the concept’s core
in reality

Figure 17: Levels of physics’ concepts in the process of their formation

8. Concept Mapping Based on the M odel of the Cognitive
Ar chitectur e of Concept

Concept mapping searches for components of a structure of concept and its semantic frame and
arranges them into a system following the structure of triangular model. Thus the created concept map
depicts the cognitive architecture as a specific structure of the given concept and its semantic frame.
The triangular model of concept structure — model of the cognitive architecture of concept — describes
all the basic elements and links of the complete concept structure. The individual concepts of the
external and internal conceptual knowledge systems do not need to contain all elements of the
complete structure in specific cases, particularly in the development of the scientific concepts in the
history of sciences and in the education process. Therefore the concept maps as structured models of
concept and knowledge do not need to contain all the elements and links of the model in the figure 13.

Secondly, the structure of concepts depends on the level of their development. We especially have
to take into consideration significant differences between the exact (scientific) and empirical level of
the concepts and corresponding conceptual knowledge systems. Many concepts at the empirical level
change their structure during the transformation to the exact level (especially the quantities). For
instance, common concepts e.g. speed, distance, displacement, energy, force became quantities at the
scientific symbolical level of conceptual knowledge systems.
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Thirdly, the structure of the concept maps has two dimensions: vertical, which represents a
concept’s meaning — it is the direction from the concept core C to reality and horizontal, which
represents a concept’s sense — it is the direction from the concept core C to other concepts except for
subordinate ones.

To construct concept maps of external scientific concepts, we may use scientific texts, papers,
textbooks, written explanations, diagrams, etc. We have also to study the earlier historical levels of the
concept to model its structure at the lower (usually empirical) level of cognition.

The concept maps of internal (mental) concepts may be constructed from the answers of students.
The researcher or teacher poses questions and tasks to students to investigate concrete components:
RSI, symbol, subordinate concepts and mental semantic images of the meaning, concepts and sense
links of the sense, etc. At the end he/she arranges the discovered components into a system according
to the structure of the triangular model. Many FCI questions and tasks (Hestenes et al, 1992) may be
used for this purpose.

8.1 Examples of questions

The question “A force acts on a body.
What are the effects of the acting force?” link of subordination — meaning
shows a level of the cognitive link | | of “cause” contains “force”
between the concepts “force” and
“motion”: “F = a (Newtonian level)“ or
“F = motion (Aristotelian level)”. The
other answers as e.g. the statement “The

cause

Acceleration is a

link of super-ordlnatlon s component of sense.
expressed by “is”

effect of the force is a deformation of the v of erats
body.” show the cognitive link to the R / aceeierahion.
“changing of shape” as result of force’s /

acting. . “ . attributive link “acceleration is | | cognitive link “F = a“
The question What is a dependence an indicator of acting force” “force induces acceleration”
between an acceleration of a body and an

icting f:?rce?” looks for the cognitive link Fig. 18: Concept map of the definition “A force is the
ae F*. cause of the body’s acceleration”. In classical

b 13 9 1 . . . .
The question “A car’s engine starts t0 | Newtonian conception the “cause” is the superordinate

produce constant thrust acting on the car concept and the “acceleration” is the attribute.
forward. How will the car move?” may

discover the cognitive link “a o= F “ at the Newtonian level or preconception “v o F “ at the
Aristotelian level.

The question “What is a force?” looks for attributes of force:

— “the interaction between physical objects or objects and fields” in the framework of modern
physics, or

— “change in motion/acceleration” in the framework of classical Newtonian mechanics — see also
figure 18 and footnote 7, or

— “deformation of a body”.

Some answers of students express the “deformation” as an attribute of “force”. Secondly, this
question may find out the superordinate concept of force — “cause” and the related links if the CKS of
persons correspond to the Aristotelian or classical Newtonian conception of force.

The question “How many forces do you know?” looks for subordinate concepts of the concept
“force” at the meaning layer M1 and M2. The task “Say and describe examples of these forces!”
shown the concrete forces as images of denotata.

7) In the further development of the Newtonian conception, the superordinate concept “cause” was disconnected from the
“force” and the force became a primary concept without a superordinate concept. The new definition of force was stated
as follows: “Force is a mutual interaction of physical bodies or bodies and fields.” where the interaction of physical
bodies (or bodies and fields) is a new attribute of force. Thereafter the term “force” was replaced by the term
“interaction” in the modern physics.
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The task “Sketch in forces acting on the body!” may detect the RSI as an arrow or vector with
a direction, a magnitude and an acting point of force. The subsequent task “Write the names of these
forces and describe their features!” may detect actual qualities of force.

The question “What is a magnetic field around the magnet?” and “How do we detect it?” looks for
the potential quality “magnetic”. This quality connected to the force creates the referential concept
“magnetic force” of the meaning layer M1.

The question “What is an electric field?” and “How do we detect it?” looks for the potential
quality “electric”. This quality connected to the force creates the referent referential concept “electric
force” of the meaning layer M1.

The question “What is a gravitational field?* may detect the potential quality “gravitational”. This
quality connected to the force creates the referent referential concept “gravitational force” of the
meaning layer M1.

Examples of questions are presented also in Tarabek (2008c). The concept maps constructed in
this way are depicted in the figures 20 and 21.

8.2 Aristotelian and Newtonian Level of Concept “force”

Two developmental levels were indicated by the study of students’ concepts in the process of
education. For example, the empirical level (called the Aristotelian level) of the concept “force” was
identified by the students’ formulation “force is needed to keep a body in motion”, and similar
expressions. The Aristotelian law “force causes (violent) motion” (law “entity = phenomenon’) came
out directly from an observation as a generalization of empirical experience. Such or similar students’
conception of force is called the Aristotelian preconception. The symbolical level (called the
Newtonian level) was identified by the students’ formulation “force causes a change of motion of the
body — acceleration, deceleration or the curving of its trajectory” and similar expressions. Both the
developmental levels were demonstrated by answers of students from grade 6 to 12. The empirical
level of concept means the common sense of the concept and the symbolical level corresponds to the
scientific sense (Hestenes, 2006). The concept maps as models of the Aristotelian and Newtonian level
of the concept “force” created upon the base of the model of cognitive architecture of concept by
students’ answers are presented in the Fig. 20 and 21. The sufficient differences between the
Aristotelian and Newtonian level of the concept “force” are depicted in the Fig. 19.

Concept “force” at the empirical level
— word “force”
— representative semantic images (RSI)

EALANCED FORCES / \

Upward force ‘a?—\a
T T on the barbell s ,
e L - L Force can
- wh r deform a baloon
= Weight of
¥ o barbell
’.S
L v s "jj =l
The athlete [ exerts an 4~ =g
upward force on the e () A
barbell. | + The force of . k_} -
gravity pulls down “‘ b
The bar-c bell™ »is at rest Oy i
because booth forces are balan- ’ A magnet atiracts an iron ball

ced. The forces cansel each which is ralling to the magnet

other

— Force = motion
— speed o< force

Sk 9. Ko vk kol silama tits
ofijeataciie

Concept “force” at the scientific level
—word “force”
— RSI: force is vector quantity with

a magnitude and direction &——p»

— symbol —
F | we=a

a smer pohybu

m; < my

— Force = acceleration, F =m- a
— acceleration o< force
—speedv=at

Fig. 19: Sufficient differences between the Aristotelian and Newtonian level of the concept “force” as
it was found in the students’ answers (see Fig. 20 and 21)
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images of
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Fig. 20: Concept map of “force” of 12 grade students at the Newtonian level

The group of respondents answered questions regarding components and links of the structure of the concept

“force” (Tarabek, 2007¢c). The concept map was designed with the answers of the best students who reached the

symbolical — Newtonian level of concept “force” (as it is shown at the figure above). Comments about the

concept map:

1. Students did not learn to explain force as a cause of the change of the motion, so their definition of force does
not contain the superordinate concept “cause”. However, the students see the link of force to the concept “the
cause of a change of motion of bodies or the cause of a deformation” and describe it with specific
expressions, e.g.: “A force is something which acts on the body and may change its motion or cause its
deformation.”

2. All of the sense links to potential qualities are at the same level. Therefore the students do not differentiate
between the concepts of meaning layer M1 and concepts of M2, i.e. all the forces are at the same meaning
level. The inertial force in the meaning “real force” appears very often among the other forces.

3. Sometimes the students understand the formula of Newton’s second law F = m-a as a definition of force, e.g.
“A force is given by the product F=m -a”.

4. The question “What is a force?” was sometimes answered by statements such as: “A force is a physical
quantity determined by its direction, magnitude and point of application”. Actual qualities were detected
from such answers.
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Fig. 21: Concept map of “force” of 6 — 8 grade students at the Aristotelian level

The group of respondents answered questions regarding components and links of the structure of the concept
“force” (Tarabek, 2007¢). The concept map was designed with the answers of students from 6™ to 8" grade as
they reached the Aristotelian level of “force”. Comments about the concept map:

1. The “cause” as a superordinate concept of “force” was shown in the statements as, e.g. “A force is a certain
pressure on an object, which causes its motion”.

2. All the sense links to potential qualities are at the same level. Therefore, the students do not differentiate
between the concepts of meaning layer M1 and concepts of M2, i.e. all the forces are at the same meaning
level. The potential qualities and related forces resulted from children’s experience with force. The other
qualities which the students learned in school were added, e.g. magnetic, push.

3. Cognitive links were detected from answers such as: “A force is something that keeps a body in motion” or
“A speed of body is higher when a force is stronger”.

4. The RSI was detected by images of (string) deformation as effects of an acting force or images of pushing
(e.g. a man pushing a heavy car).

8) In both cases (Fig. 20 and 21), the contextual sense links are not designated.
9) The actual qualities are actual properties characterizing the denotatum of the concept and belong to the attributes.

79



Educational & Didactic Communication 2008 — P. Tarabek: Triangular Model of the Cognitive Architecture
of Common and Scientific Concepts

9. Discussion and Conclusions

Model of the Cognitive Architecture of common and scientific Concepts (MCAC) is a theoretical
construct based on knowledge and terminology of the cognitive psychology, cognitive sciences and
educational research.

Cognitive architecture is a specific structure consisting of the concept core, concept periphery,
the semantic frame as the meaning and the sense of the concept, and the relations among all
components of the conceptual structure. Besides the description of concept formation through the
Vygotian phases, the model distinguishes four phases in the development of common and scientific
concepts: primitive, empirical, exact, and formal. The levels of the common concepts are primitive and
empirical. The levels of the scientific concepts are exact and formal. The model also distinguishes the
concept’s meaning and sense as two disjunctive sets. This theoretical conception firstly called the
“Triangular Model of Concept Structure” was revised during the last year due to critical comments at
the conferences PERC 2008, GIREP 2008, ICSENS 2008, DIDFYZ 2008, Innovations in School 2008
and thanks to the Modeling Theory of Hestenes (2006, 2007).

The MCAC - triangular model together with the conception of conceptual knowledge systems
comprise the Modeling Theory of Concept & Knowledge Structure which models cognitive
architecture of concepts’ and knowledge’s as parts of external common and scientific conceptual
knowledge systems.

Secondly this theoretical conception is an attempt to model a cognitive architecture of mental
knowledge and concepts as components of the mental (internal) conceptual knowledge systems with
acceptance of usual terms of cognitive sciences. It does not yet cover all terms and phenomena
described in the cognitive science and psychology concerning the concepts and knowledge. But it
allows us to understand at least a structure of concepts and knowledge in learners’ minds.

The MCAC was only partially verified by the questionnaires (Tarabek, 2007c) and the massive
verification prepares to come in the near future.

The triangular model was used for the mapping of the cognitive architecture of external and mental
concepts. The concept map of the concept “force” at the empirical (pre-scientific) and scientific level
designed in this paper represent models of the cognitive architecture of the Aristotelian preconception
and Newtonian conception of force.

The notion that Aristotelian preconception means a first level of human cognition flowing from a
common experience confirms the results of the research in the cognitive linguistic as are analyzed e.g.
in Hestenes (2006) or in the conception of the Force Dynamics (Talmy, 2000). These preconceptions
are resistant to traditional instruction and can be overcome only if students really understand why such
beliefs are mistaken. Thus the theoretical conception of the MCAC is needed in educational research
to understand substantial differences between the empirical (pre-scientific) and exact (scientific) levels
of the concepts.

The modeling theory of concepts and knowledge might be also appropriate to model components
of conceptual and mental models of the Hestenes’ Modeling Theory — concepts and knowledge.
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Abstract (see References)

ASM Process (Content Pedagogy Visual Data Mining Process) is created by

a) Investigated Data Collection (Variant Forms of Curriculum - Content Pedagogy),

b) Data Mining Algorithm (Curricular Process),

c¢) Data Mining Structure (Structural Elements of Curriculum Variant Form),

d) Data Mining Visualization (Methods of Modeling Structural Elements of Curriculum
Variant Form)

a) Investigated Data Collection - Educational Communication

The educational communication of physics as subject of physics education and as expression
of content pedagogy in physics is earliest delimited (see P.Tarabek, P.Zaskodny, 2007-2008 a,b,c).
Physics education is then a science (theory and research) its subject is total continuous process of
transfer and mediation of physical knowledge results and methods into consciousness of persons who
did not partake in the origin of knowledge and, by this way, also into social consciousness. At this
influenceable process, which may be called by “educational communication of physics”, it happens
not only to the transmission of information but also to learning. In the course of educational
communication the physical piece of knowledge undergoes several expressive transformations.

Afterwards the description of basic problem areas of physics education follows as a reflection of
the individual transformations of physical piece of knowledge. The basic problem areas of physics
education are as follows: Scientific system of physics, Educational system of physics, Instruction
project, Educational process — Instruction process, Results of instruction and their evaluation, Social
use of physical schooling. To them, Training physics teachers and History and methodology of physics
education are also belonging.

The inputs and outputs of individual transformations are connected with relevant forms of an
existence of physical conceptual knowledge systems (PCKS). The survey of transformations of
physical piece of knowledge and PCKS forms existence is presented on the basis of comparison of
transformation description by J.Brockmeyer on the one hand and by P.Tarabek and P.Zaskodny on the
other.

Finally, selection of curriculum variant forms as expression of interdisciplinary collaboration
with educational and physical science and on the basis of brief recherché of publications was as
follows: Conceptual curriculum, Intended curriculum, Projected curriculum, Implemented
curriculum-1, Implemented curriculum-2, Attained curriculum.
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b) Data Mining Algorithm - Curricular Process

Comparison carried out in the P.Tarabek, P.Zaskodny, 2007-2008 a,b,c has enabled, gradually, to
join together the results of transformations T1 to TS5 with the selected variant forms of curriculum as
follows:

a) The result of transformation T1 (scientific system of physics in the light of its communicability)
may be expressed by variant form “conceptual curriculum”

b) The result of transformation T2 (didactic system of physics) may be expressed by variant form
“intended curriculum”

c¢) The result of transformation T3 (instruction project of physics, above all textbook and preparation
of teacher for instruction) may be expressed by variant forms “projected curriculum” and
“implemented curriculum-1~

d) The result of transformation T4 (foreknowledge and further results of physical schooling) may be
expressed by variant form “implemented curriculum-2”’

e) The result of transformation T5 (permanent component of education and its applications as effects
of physical schooling) may be expressed by variant form “attained curriculum”

Among the conclusions of the P.Tarabek, P.Zaskodny (2007-2008a,b,c) the implementation of
concept “curricular process of physics” as succession by transformational way concurring variant
forms of curriculum belongs. The next conclusion is detection thus by transformational way
introduced concept “curricular process” in essence eliminates “a gorge” among the conceptions of
curriculum with them is separately worked in Anglo American publications. The last conclusion is
afterwards the assumption the curricular process of physics as another denomination of educational
communication of physics could enable to explore the curricular processes, for example, mathematics,
chemistry, biology as school subjects.

¢) Data Mining Structure - Structure of Variant Form of Curriculum

The six variant forms of curriculum (taken into account):

- abbreviation CC — conceptual curriculum,
- abbreviation IC — intended curriculum,
- abbreviation PC — projected curriculum,

- abbreviation IMC-1 — implemented curriculum-1,
- abbreviation IMC-2 — implemented curriculum-2,
- abbreviation AC — attained curriculum.

Four structural elements of curriculum variant form structure:

a) Conception and interpretation of curriculum variant form (index CI)

b) Compages of the objectives of curriculum variant form (index O)

¢) Conceptual knowledge system of curriculum variant form (index CKS)

d) Factor of transformation the previous curriculum variant form to the following curriculum variant
form

Structure of all the curriculum variant forms is formed by three structural elements with indices CI, O,

CKS and by factor of relevant transformation:

-CC =CCq + CCo + CCcks
-1C =1C¢ + ICo + ICcks
-PC =PC¢; + PCo + PCcxs

-IMC-1 = IMC-lC] + IMC‘IO + IMC-ICKS

-IMC-2 =IMC-2¢; + IMC-2¢ + IMC-2cks

-AC  =ACq +ACo + ACcks

All the transformations T1 to T5 are created by three sub-transformations

CIT1 to CITS, OT1 to OTS, and DT1 to DTS (DT1 to DTS are known didactic transformations of
conceptual knowledge system)
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d) Data Mining Visualization - Survey of Methods of Modeling

The curriculum variant forms can be constructed and represented by the help of methods of
modeling structural elements of these forms.. The function of, by a model manner, represented
structures is consisting in “existent or mediated solution of problems”. The survey of these methods is
as follows:

1) hierarchical modeling — representing the succession of cognitive process plains “identification of
problem, analysis, abstraction, synthesis, intellectual reconstruction”,

2) analytical synthetic modeling (association with “data mining clustering”) — representing the
relations among cognitive process plains,

3) matrix and micro-matrix modeling - representing the configuration of basic elements and relations
from analytical-synthetic model by means of matrix form

d) Paper - How to construct and represent the variant forms of curriculum

The illustration of construction and representation of the variant form of curriculum by means of
hierarchical and analytical-synthetic modeling is presented in this paper. The hierarchical and
analytical-synthetic modeling is primarily described. After it the basic subject matter for second
degree of basic school in Czech Republic is moulded upon hierachical and analytical-synthetic
procedure. In conclusion the hierarchical and analytical-synthetic models of subject matter
“Dynamics-Forces” are discussed.

Content

1. Objectives

2. Terms ,,Curricular process* and ,,Variant form of curriculum*

3. Setting

4. Solution

4.1. Interpretation of hierarchical and analytical-synthetic modeling

4.2. Term ,,Basic subject matter of physics*, Cross-sectional themes of physics of basic school

4.3. Basic subject matter of 2.degree of basic school in Czech Republic - Structure of physics
as a whole

4.4. Hierarchical modeling basic subject matter for 2.degree of basic school - list of partial
concepts and pieces of knowledge

4.5. Hierarchical modeling basic subject matter for 2.degree of basic school - incorporation of
partial concepts and pieces of knowledge into plains of cognition process

4.6. Analytical-synthetic modeling basic subject matter of 2.degree of basic school

5. Summary of illustration of hierarchical and analytical-synthetic modeling selected variant form

of curriculum
6. References

Jak konstruovat a vyjadrovat variantni formy
kurikula

Ilustrace hierarchického a analyticko-syntetického modelovani
v didaktice fyziky

1. Cile

— Procviceni hierarchického a analyticko-syntetického modelovani na zaklad¢ jejich popisu
uvedeného pomoci praci P.Tarabka, P.Zaskodného, 2007-2008 a,b,c

— Procviceni konstrukce a vyjadfovani uciva jako dulezitého strukturniho prvku zamyslené¢ho
kurikula, které, jako variantni forma kurikula, tvofi sou¢ast kurikularniho procesu.

86



Educational & Didactic Communication 2008 — P. Zaskodny: How to Construct and Represent Variant Forms of Curriculum

2. Terminy ,,Kurikularni proces* a ,,Variantni forma kurikula*

Kurikulérni proces je posloupnost péti transformaci obsahu vzdélavani uskute¢iovanych béhem
edukaéniho procesu. Vysledky jednotlivych transformaci jsou na sebe navazujici variantni formy
kurikula. Variantni forma kurikula je forma existence obsahu vzdélavani. Struktura kazdé variantni
formy kurikula je tvotfena substrukturami ,,smysl a pojeti, ,,soustava cili* a ,,pojmové-poznatkovy
systém“. U zamysleného kurikula I1ze jeho pojmoveé-poznatkovy systém ztotoznit s terminem ,,u¢ivo‘.
Swyuzitim kurikularniho procesu fyziky lze pét transformaci 7' az T struéné popsat pomoci praci
P.Tarabka, P.Zaskodného, 2007-2008 a,b,c nasledujicim zplisobem:

Transformace 7' (vstup — vystup) — Komunikaéni transformace
Vstup T': Védecky systém fyziky — Vystup T': Sdélitelny v&decky systém fyziky jako
konceptudlni kurikulum

Transformace T’ (vstup — vystup) — Obsahova transformace
Vstup T : Sdélitelny védecky systém fyziky jako konceptualni kurikulum — Vystup 7> : Didakticky
systém fyziky a jeho uéivo jako zamySené kurikulum

Transformace 7° (vstup — vystup) — Kurikularni transformace

Vstup T : Didakticky systém fyziky a jeho ugivo jako zamyslené kurikulum — Vystup 7° : Vyukovy
projekt fyziky a jeho ucéebnice a pfipravenost uéitele na vyuku jako projektové kurikulum a
implementované kurikulum-1

Transformace 7T (vstup — vystup) — Edukacni transformace

Vstup T*: Vyukovy projekt fyziky a jeho udebnice, pfipravenost uditele na vyuku jako projektové
kurikulum a implementované kurikulum-1 — Vystup T*: Vysledky vyuky fyziky jako
implementované kurikulum-2

Transformace 7° (vstup — vystup) — Aplikaéni transformace
Vstup T°: Vysledky vyuky fyziky jako implementované kurikulum-2 — Vystup 7 : Aplikovatelné
vysledky vyuky fyziky jako dosazené kurikulum

3. Zadani

Navrhnéte model zdkladniho udiva fyziky pro 2. stupen ceské zakladni skoly, v ramci
navrzeného modelu zatad’te prifezové téma ,,Dynamika-Sily“. Navrhnéte model struktury
prafezového tématu ,,Dynamika-Sily*.

K navrzeni modelu zakladniho uciva fyziky pro 2. stupen ceské zakladni skoly vyuzijte model
struktury fyziky a model zakladniho uciva gymnazidlni fyziky uvedeny v pracich P.Tarabka,
P.Zaskodného, 2007-2008 a,b,c. Vezméte v uvahu potieby a moznosti edukanti na 2. stupni Ceské
zéakladni skoly.

K navrzeni modelu struktury prifezového tématu vyuzijte soucasné ucebnice fyziky pro
2. stupen Ceské zakladni Skoly. Pfi navrhovani modelu vyjdéte z predpokladu, ze ,.tviircem
kurikula® je uéitel, nikoliv ucebnice.

4. Reseni

4.1. Vyklad hierarchického a analyticko-syntetického modelovani

Hierarchické modelovani spociva ve vytvareni inventafe dil¢ich pojmi a poznatkii cilového
pojmu nebo cilového poznatku a v klasifikaci dil¢ich pojmii a poznatkd do jednotlivych hierarchicky
usporadanych rovin poznavaciho procesu a, b, c, d, e:
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a) ,,identifikace komplexniho problému jako vymezovani cilového pojmu nebo poznatku — formulace
globalni hypotézy jako potfeby zkoumat dosud nepoznanou oblast reality*,

b) ,,vysledek analyzy identifikovaného komplexniho problému jako konstatovani souc¢asného stavu
feSeni a formulace dil¢ich hypotéz o feSeni problému dil¢ich, na které bylo mozné rozclenit
hypotézu globalni a identifikovany komplexni problém®,

¢) ,,vysledek abstrakce jako vysledek nalezeni podstaty téch dil¢ich pojmi a poznatki, které se staly
zékladem tvrzeni obsazenych v dil¢ich hypotézach®,

d) ,,vysledek syntézy jako vysledek propojeni nalezenych podstat dil¢ich pojmt a poznatkl do dil¢ich
zavéri, které jsou podkladem pro ovéteni globalni hypotézy a pro diskusi dosazenych vysledka*

e) a,vysledek myslenkové rekonstrukce cilového pojmu nebo poznatku jako ovéfeni ¢i neovéfeni
globalni hypotézy jako vysledek diskuse dosazenych dil¢ich vysledki a pfinost feSeni ptivodniho
identifikovaného komplexniho problému®.

Tento model Ize nazvat hierarchickym modelem predavani fyzikalniho poznani. Hierarchicky
model je popsan pomoci Legendy k Obr.1.

Legenda k Obr. 1
a  (Identifikovany komplexni problém) — Zkoumana oblast reality, zkoumany jev

Bx (Analyza) — Analytické roz¢lenéni komplexniho problému na dil¢i problémy v ramci odpovidajici
kognitivni urovné

b (Dil¢i problémy DP-k) — Vysledek analyzy: podstatné atributy a rysy zkoumaného jevu

Cix (Abstrakce) — Vymezovani podstat dil¢ich problému abstrakci s cilem ziskat dil¢i feSeni v ramci
odpovidajici kognitivni tirovné

¢ (Diléi feseni DR-k) — Vysledek abstrakce: diléi pojmy, dil¢i poznatky, riizné vztahy, atd.

Dy (Syntéza) — Syntetické nalézani zavislosti mezi vysledky abstrakce v ramci odpovidajici
kognitivni urovné

dy (Dil¢i zaveéry DZ-k) — Vysledek syntézy: princip, zakon, zavislost, souvislost, atd.

Ex (Myslenkova rekonstrukce) — Myslenkova rekonstrukce zkoumaného jevu / zkoumané oblasti
reality

e (Celkové feseni komplexniho problému ,,a”’) — Vysledek myslenkové rekonstrukce: analyticko-
synteticka struktura pojmové poznatkového systému

Analyticko-syntetické modelovani je spojeno s metodami sitové analyzy. Formou sitového
grafu je strukturni vzorec vyvijeni cilového pojmu nebo poznatku. Tento strukturni vzorec lze
nazvat analyticko-syntetickym modelem piedavani fyzikalniho poznani. Analyticko synteticky
model znazornuje nejen roviny a, b, ¢, d, e poznavaciho procesu, ale také prechody B, C, D, E mezi
témito rovinami (viz Obr.1 a Legendu k Obr.1):

— Prechodem mezi rovinami ,,a“ (identifikovany komplexni problém) a ,,b* (dil¢i problémy) je
provedeni analyzy B zkoumaného problému,

— Pfechodem mezi rovinami ,,b* (dil¢i problémy) a ,,c* (podstaty dil¢ich problému jako dil¢i feSeni)
je provedeni abstrakce C,

— Prechodem mezi rovinami ,,c* (podstaty dil¢ich problémt) a ,,d* (dil¢i zavéry) je provedeni
syntézy D nalezenych dil¢ich podstat,

— Prechodem mezi rovinami ,,d* (dil¢i zavéry) a ,,e“ (celkové feSeni komplexniho problému) je
provedeni myslenkové rekonstrukce E identifikovaného problému ,,a“.

88



Educational & Didactic Communication 2008 — P. Zaskodny: How to Construct and Represent Variant Forms of Curriculum

a - Identified Complex Problem (Identifikovany komplexni problém)

B

B,

ANALYSIS
(ANALYZA)

Bk

y

b, - Partial Problem
No. 1 (PP-1)
Dil¢i problém ¢.1 (DP-1)

b, - Partial Problem
No. 2 (PP-2)

Dil¢i problém ¢.2 (DP-2)

by - Partial Problem
No. k (PP-k)
Dil¢i problém ¢.k (DP-k)
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ABSTRACTION :
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¢,-Partial c,-Partial cs-Partial c4-Partial ci-Partial
Solution Solution Solution Solution Solution
of PP-1 of PP-2 of PP-3 of PP-4 of PP-k
Dil¢i feSeni Dil¢i feSeni Dil¢i feSeni Dil¢i feSeni Dil¢i feSeni
DR-1 DR-2 DR-3 DR-4 DR-k
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(SYNTEZA)
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d; - Partial Conclusion d, - Partial Conclusion dy - Partial Conclusion
No. 1 (PC-1) No. 2 (PC-2) No. k (PC-k)

Dilé&i zavér ¢.1 (DZ-1)

Dil¢i zavér €.2 (DZ-2)

Dil¢i zavér ¢.k (DZ-k)

E,

A 4

E;

A 4

Ex

RECONSTRUCTION
(REKONSTRUKCE)

A

e - Total Solution of Complex Problem "a" formed by means of PC-1, PC-2, .., PC-k
e - Celkové teseni komplexniho problému ,,a* vytvorené pomoci DZ-1, DZ-2, .., DZ-k

Fig. 1 (Obr. 1)

General Analytical Synthetic Model of Physical Knowledge Transfer
Obecny analyticko-synteticky model predavani fyzikalniho poznani

89




Educational & Didactic Communication 2008 — P. Zaskodny: How to Construct and Represent Variant Forms of Curriculum

4.2. Termin ,,Zakladni u€ivo fyziky“, prifezova témata fyziky zakladni Skoly

Ramcové uéebni plany napf. v Ceské republice stanovuji povinnost zafadit prifezova témata
jednotlivych predméti. Napi. vzdélavaci obsah predmétu fyzika na zakladni Skole je podle
Ramcovych vzdélavacich programii v Ceské republice tvofen prifezovymi tématy Latky a télesa,
Pohyb téles, Sily, Mechanické vlastnosti tekutin, Energie, Zvukové déje, Elektromagnetické a svételné
déje, Vesmir.

Zakladnim ucivem je ta c¢ast soustavy uciva didaktického systému fyziky (ta cast
zamySleného kurikula fyziky), ktera na odpovidajici kognitivni arovni

a) vyjadruje strukturu fyziky jako celku,
b) umoZziiuje zatazeni priirezovych témat.

4.3. Zakladni u¢ivo 2.stupné zakladni $koly v Ceské republice - Struktura fyziky jako celku

Ke konstrukci a modelovani struktury fyziky jako jedné z pfirodnich véd je potiebné hledat
odpovéd na nékolik otazek:
Jaké objekty zkouma fyzika
1. na zéklade jejich ¢lenéni podle poctu a velikosti,
2. zhlediska jejich podstaty,
3. z hlediska jejich vyvoje az do soucasnosti.
Jaké zakladni vlastnosti objekty zkoumané fyzikou maji
4. zhlediska zpiisobu jejich existence (zptisobem existence fyzikalniho objektu je stav, v némz se
fyzikélni objekt nachazi),
5. z hlediska jejich pohybu (pohybem fyzikalniho objektu je zména jeho stavu v Case, pfipadné casova
posloupnost postupné se ménicich stavi).

Odpovédi na polozené otazky lze hledat prostiednictvim nasledujiciho stru¢ného vykladu
struktury fyziky jako celku (podrobnéjsi vyklad lze nalézt napt. v pracich P.Zaskodny, 2005 a
P.Z4askodny, 2006):

a) Fyzika jako jedna z pfirodnich véd zkouma makrosystémy tvofené obrovskym poctem objektl
(vétSinou castic) pohybujicich se neuspofadanym (statistickym) pohybem. Déle zkouma mikroobjekty,
makroobjekty a megaobjekty, které jsou bud’ osamocené nebo tvorené objekty, které se pohybuji
uspofadanym (nestatistickym) pohybem (napft. proud castic nebo vinéni). Podstatou téchto objektl je
vzajemné pusobeni latek a poli. Vyvoj téchto objektd az do soucasnosti je spojen s postupnym
rozpadem obecné unitarni interakce na dil¢i interakce (gravitacni, elektromagnetickou, silnou a slabou
interakei).

b) Makrosystémy maji statisticky charakter, je brana v Gvahu jejich vnitini struktura. Zkouma je
statisticka fyzika, jejich stavy se nazyvaji stavy termodynamickymi. Moznym staviim je pfifazovana
pravdépodobnost jejich vyskytu pomoci distribucnich funkci, stavové parametry téchto stavi jsou
souborovymi stfednimi hodnotami fyzikalnich veli¢in. Pohyb je pojiman jako zména stavu. VétSinou
jsou zkoumany stavy termodynamické rovnovahy, v nichZ se stfedni hodnoty stavovych parametrii s
casem nemeéni. Pfikladem mohou byt makrosystémy molekul vzduchu, ale také makrosystémy
fermiond (napf. elektronovy plyn v kovech jako degenerovany Fermiho plyn) nebo bosont (napf.
fotonovy plyn zafeni cerného télesa nebo fononovy a rotonovy plyn v krystalech, amorfnich latkach a
supravodivych materialech jako degenerované Boseho plyny).

¢) Mikroobjekty, makroobjekty a megaobjekty maji nestatisticky charakter, jejich vnitini struktura
neni brana v Givahu. Zkouma je nestatisticka fyzika, jejich stavy se nazyvaji stavy pohybovymi. Popis
pohybovych stavli umoziuji pohybové zakony (kinematika), pfiCiny zmén pohybovych stavi
umoznuji popsat pohybové rovnice (dynamika). Jsou zkoumdny stavy rovnovazné (statické,
stacionarni) a také stavy nerovnovazné (kvazistacionarni, nestacionarni). Pohyb je opé€t pojiman jako
zména stavu. Piikladem stacionarniho stavu mutize byt stav vazaného elektronu v obalu atomu, ktery
nezafi a neabsorbuje. Pfikladem nestacionarniho stavu mize byt stav vazaného elektronu pfi jeho
excitaci nebo deexcitaci (atom pii excitaci mize absorbovat foton, pfi deexcitaci naopak foton
vyzatovat).

d) Statisticka i nestatisticka fyzika maji svou variantu klasickou, kvantovou (je uplatiiovan vinove
korpuskularni dualismus) a relativistickou (prostor a ¢as zavisi na rozlozeni a pohybu fyzikalnich

90



Educational & Didactic Communication 2008 — P. Zaskodny: How to Construct and Represent Variant Forms of Curriculum

objektlr). V ramci statistické fyziky jsou tyto tfi dimenze spojovany do kvaziklasického statistick¢ho
pfistupu. V ramci nestatistické fyziky je klasickd dimenze zkouména klasickou mechanikou a
klasickymi aplikacemi elektromagnetického pole, kvantova a relativistickd dimenze kvantovou a
relativistickou mechanikou a kvantovymi a relativistickymi aplikacemi elektromagnetického pole.

e) Nestatistickou fyziku (nestatisticky pfistup) lze vystavét na zakladé pojml ,,pohybova
rovnice” (napf. druhy Newtondv zakon v klasické mechanice, nestacionarni Schrédingerova rovnice v
nerelativistické kvantové mechanice) a “pohybovy zdkon” (napi. tvar trajektorie jako mnoZina
koncovych boda polohového vektoru v klasické mechanice; v kvantové mechanice si lze ptedstavit
tvar trajektorie jako mnozinu “pravdépodobnostnich oblakt’” vazaného elektronu pii jeho excitaci
nebo deexcitaci v obalu atomu).

f) Statistickou fyziku (statisticky pfistup) lze vystavét na pojmu “distribu¢ni funkce” (napi.
Maxwellova distribuce rychlosti v molekulach plynu jako jednoducha aplikace Maxwellova-
Boltzmannova rozdéleni) a “souborova stiedni hodnota” (napt. stredni kvadraticka rychlost molekul

plynu).
4.4. Hierarchické modelovani zakladniho uciva pro 2.stupen zakladni Skoly — inventaF dil¢ich
pojmii a poznatki

Vycet dil¢ich pojmi a poznatkli zadkladniho uciva pro 2.stupen zakladni Skoly lze pomoci
struéného vykladu struktury fyziky jako celku navrhnout v nasledujici podobé:

1. ptirodni objekty a jejich vlastnosti zkoumané fyzikou jako jednou z véd o ptirode

2. vycet objektl, podstata objektil, vyvoj objekt

3. zpusob existence objektl a jejich pohyb

4. makrosystémy (mnoho obvykle malych objektli pohybujicich se neusporadané — statisticky)

5. mikrobjekty, makroobjekty, megaobjekty (jeden nebo nékolik objektii — téles clenénych podle
velikosti a pohybujicich se uspofadané — nestatisticky)

6. podstata objektli jako vzajemné plisobeni téles (stavebnich prvkl objektd) a poli (tvofenych

¢asticemi jako nositeli vzajemného piisobeni mezi stavebnimi prvky objektit)

7. vyvoj objektt jako rozpad piivodniho jediného typu stavebnich prvki a jediného typu nositeld
vzajemného plsobeni (rozpad ,,ptivodni interakce) na pét typi stavebnich prvki
a pét typt nositelit vzajemného plisobeni (na ,,pét dil¢ich interakci®)

8. popis stavebnich prvki a nositell vzajemného ptisobeni (s vyuzitim Feynmanova modelu ,,déti
prehazujicich si mi¢) u fundamentalni silné interakce, u zbytkové silné interakce, u slabé interakce,
u elektromagnetické interakce a u gravitacni interakce

9. stavy urc¢ené hodnotami vhodnych parametrti jako zplsob existence objektil

10.rovnovazné stavy (hodnoty parametrii nezaviseji na case)

11.nerovnovazné stavy (hodnoty parametri se méni s asem)

12.pohyb objektt jako sled nerovnovaznych stavi

13.rovnovazny a sled nerovnovaznych termodynamickych stavii jako zkoumani zptisobu existence a
pohybu makrosystému

14.rovnovazny (staticky a stacionarni) a sled nerovnovaznych (kvazistacionarnich
a nestacionarnich) pohybovych stavli jako zkoumani zpiisobu existence a pohybu mikroobjekti,
makroobjektli a megaobjektt

15.vymezeni fyziky jako konkrétni pfirodni védy a tvofené statistickou a nestatistickou fyzikou

16.kvantovy rozmér fyziky jako projev spolecné pojatych vinovych a ¢asticovych vlastnosti

17.relativisticky rozmér fyziky jako zavislost vlastnosti prostoru a ¢asu na rozmisténi
a pohybu fyzikalnich objektt

18.klasicky rozmér fyziky (objekty se chovaji oddélen¢ bud’ jako vina nebo jako Castice
a prostor a ¢as jsou absolutni)

19.statisticka fyzika a jeji klasicky, kvantovy a relativisticky rozmér budou ¢asteéné zkoumany az na
stiedni Skole pomoci stfednich hodnot vhodnych parametrti - fyzikalnich veli¢in

20.klasicka nestatisticka fyzika jako klasicka mechanika (kinematika jako popis pohybu spojeny
s pohybovym zdkonem, dynamiky a sily a jako pti¢iny pohybu spojené s pohybovou rovnici)

21 .kvantova nestatisticka fyzika jako kvantova mechanika a kvantové vlastnosti elektromagnetického
pole budou zkouméany az na stfedni a ptipadn¢ az na vysoké skole
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22 relativisticka nestatisticka fyzika a relativistické vlastnosti elektromagnetického pole budou
zkoumany az na stfedni a pfipadné az na vysoké Skole

23.zatazeni prifezového tématu ,,dynamika-sily* zakladni skoly jako soucasti klasické nestatistické
fyziky

4.5. Hierarchické modelovani zakladniho u¢iva pro 2.stupei zakladni §koly — zaclenéni dil¢ich
pojmu a poznatki z jejich inventaie do rovin poznavaciho procesu

Hierarchicky uspofadané roviny poznavaciho procesu byly oznaceny a, b, ¢, d, e a nesou nazvy

a = identifikace problému,

b = vysledek analyzy,

¢ = vysledek abstrakce,

d = vysledek syntézy,

e = vysledek myslenkové rekonstrukce.

Soubor téchto rovin tvoii hierarchicky model kognitivni struktury.

Inventat dil¢ich pojml a poznatkdi pojmové poznatkového systému (pojmové oblasti, cilového
pojmu nebo poznatku) ,,zékladni ucivo pro 2.stupen zakladni Skoly a zafazeni prufezového tématu
dynamika-sily* obsahuje 23 dil¢ich pojmt a poznatk.

23 dil¢ich pojmu a poznatkd bude zaélenéno do jednotlivych rovin poznavaciho procesu v ramci
dvou hierarchickych modelti kognitivni struktury. Roviny prvniho hierarchického modelu budou
oznaCovany indexem 1, roviny druhého hierarchického modelu budou oznacovany indexem 2.
Jednotlivé dil¢i pojmy a poznatky zaélenované do rovin pozndvaciho procesu budou vymezovany
pomoci poradovych cislic 1., 2., 3. az 23.

Prvni hierarchicky model ma nasledujici podobu:
Rovina al - 1.
Rovina bl - 2., 3.
Rovinacl -4.,5.,6.,7.,8.,9.,10,, 11.,12., 13, 14.
Rovina d1 - spojeni 4. az 8. do dil¢ich zavéri ,typologie fyzikalnich objektli na objekty
s uspotfadanym a neuspotadanym pohybem* a ,,jejich podstata a vyvoj dané vzajemnym plisobenim
latek a poli®,
- spojeni 9. az 14. do dil¢iho zavéru ,,typologie stavl a jejich zmén jako typologie zplisobtl
existence fyzikalnich objekti a jako typologie jejich pohybt*
Rovina el - 15. (fyzika jako pfirodni véda zkouma stavy fyzikalnich objektli a jejich zmény na zéklad¢
vzajemného plisobeni latek - téles a poli)

Druhy hierarchicky model ma nasledujici podobu:
Rovina a2 - 15. (vysledek myslenkové rekonstrukce 15. se stava identifikovanym problém pro tvorbu
druhého hierarchického modelu - je nutno zkoumat, jaké rozméry ma statisticka a nestatisticka fyzika
a jak Ize na zaklad¢ tohoto zkoumani zafadit prifezové téma ,,dynamika-sily*)
Rovina b2 - 16., 17., 18.
Rovina c2 - vymezeni podstaty 16., 17., 18. (tj. vymezeni podstaty kvantového, relativistického a
klasického rozméru fyziky)
Rovina d2 - dil¢i zaveér 19. (klasicky, kvantovy a relativisticky rozmér statistické fyziky)
a druhy dil¢i zavér tvofeny 20., 21., 22. (klasicky, kvantovy a relativisticky rozmér nestatistické
fyziky)
Rovina e2 - 23. (priifezové téma ,,dynamika-sily* tvofi soucast klasické nestatistické fyziky)

4.6. Analyticko-syntetické modelovani ziakladniho uciva pro 2.stupeii zakladni $koly

Analyticko-syntetické modelovani piredavani fyzikalniho poznani vyzaduje vymezeni piechodi B,
C, D, E mezi jednotlivymi rovinami a, b, ¢, d, e poznavaciho procesu. Tyto pfechody nesou nazvy:

B = provedeni analyzy identifikovaného komplexniho problému s cilem roz¢lenit komplexni problém
na problémy dilci
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C = provedeni abstrakce s cilem nalezeni podstaty dil¢ich pojmi a poznatkil jako vysledky feseni
dil¢ich problému

D = provedeni syntézy nalezenych feSeni dil¢ich problémi s cilem formulovat dil¢i syntetické zavéry

E = provedeni myslenkové rekonstrukce s cilem myslenkové popsat ptivodni identifikovany
komplexni problém pomoci formulovanych dil¢ich syntetickych zavéra.

Analyticko-syntetické modelovani vyuziva sitovych a orientovanych grafti a vytvari modely na
metajazykové bazi.

»Slovy* analyticko-syntetického metajazyka jsou jednotlivé prvky 1. az 23. rovin al az el a rovin
a2 az e2 poznavaciho procesu. Tato ,,slova® jsou znazornovana obdélniky. V jednotlivych obdélnicich
mohou byt pro piehlednost umistény i skupiny prvkt 1. az 23. rovin poznavaciho procesu (vyraz “data
mining clustering”).

,»Vety* analyticko-syntetického metajazyka jsou tvoteny ptrechody B, C, D, E mezi jednotlivymi
rovinami al az el a rovinami a2 az e2 poznavaciho procesu. Tyto piechody jsou oznaCovany Sipkami.
Napft. prechod mezi rovinou a = identifikace problému a rovinou b = vysledky analyzy je oznacen
nékolika Sipkami (jde o analytické rozcletiovani) - v Obr.1 je vétsi pocet Sipek (tvoficich ,,véty*
metajazyka) oznacen B1, B2, az Bk. Obdobna situace nastava i pii pfechodech mezi dal§imi rovinami
poznavaciho procesu. Je logické, Ze pfi prechodech znamenajicich provadéni syntézy a myslenkové
rekonstrukce se pocet Sipek zmensuje - Sipky se koncentruji do dil¢ich syntetickych zavéru a vysledné
myslenkové rekonstrukce zkoumaného identifikovaného komplexniho problému.

Bez dobrych hierarchickych modela je obtizné konstruovat dobré analyticko-syntetické modely.
Kvalitn€ ptipravené hierarchické modely umoznilo jiz zminéné seskupovani prvkua 1. az 23. rovin
poznavaciho procesu do analyticko-syntetického modelu zakladniho uciva pro 2. stupen zakladni
Skoly, ktery je uveden na Obr.2. Seskupovani prvki 1. az 23. do obdélnikti analyticko-syntetického
modelu (“data mining clustering”) je na Obr.2 vyznaceno uvedenim tuéné vytisténych skupin prvki
v jednotlivych obdélnicich.

Dobré hierarchické modely rovnéz umoznuji optimalni znazorfiovani ,,vét“ analyticko-
syntetického metajazyka Sipkami tak, aby nebyla naruSena ptehlednost vysledného analyticko-
syntetického modelu. Na Obr.2 nelze proto do podrobnosti rozliSovat pfechody B;, Cj, Dy, E; mezi
rovinami al az el a rovinami a2 az e2 poznavaciho procesu. ,,VEty* analyticko-syntetického
metajazyka jsou oznaCeny symboly B;, Cj, Dy, E; tam, kde to nenaruSuje piechlednost vysledného
modelu, a zjednodusenymi symboly B, C, D, E tam, kde by k naruSeni ptehlednosti mohlo dojit.
Symboly Bi’, Ci', D¢, E/’, B', C’, D', E” jsou pouZity pro oznaceni ,,vét“ analyticko-syntetického
jazyka pro pfechody mezi rovinami a2 az e2 poznavaciho procesu.

V Obr.2 je rovnézZ jen obecn¢ konstatovana potfeba provést na zavér analyticko-syntetického
zkoumani zatazeni viech prifezovych témat fyziky pro zakladni $koly v Ceské republice. Prvkem 23.
rovin poznavaciho procesu v ramci druhého hierarchického modelu je pfipomenuto, ze prufezové téma
»dynamika-sily* je soucasti klasické nestatistické fyziky.

Bez hierarchickych modeli je uveden na Obr.3 analyticko-synteticky model uc¢iva dynamiky (sily)
na 2. stupni zakladni Skoly. Zpétné nalezeni potfebnych dvou hierarchickych modeli by bylo
uzitenym krokem k pochopeni procesu vznikani vysledného analyticko-syntetického modelu na
Obr.3.
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Ptirodni objekty a jejich vlastnosti (jevy) zkoumané fyzikou jako
jednou z véd o pfirodé

1.

B,

y

B,

y

Vycet objekti, podstata objektt,
vyvoj objektd 2.

Zpisob existence objektt — jejich stavy, pohyb
objektd jako zmeéna jejich stavu 3.

y C,D

y C,D

Makrosystémy (mnoho obvykle
malych objektt pohybujicich se
neusporadanym pohybem —
statisticka fyzika) 4.
Mikroobjekty, Makroobjekty,
Megaobjekty (jeden nebo nékolik
objekti ¢lenénych podle velikosti
a pohybujicich se uspofadanym

Podstata objekti — vzajemné
pusobeni téles a poli ( pét dil¢ich
interakce) 6.

Vyvoj objektt — rozpad ptivodni
interakce na pét dil¢ich interakcei
béhem vyvoje vesmiru 7. 8.

pohybem — nestatisticka fyzika) 5.

Stavy ur¢eny hodnotami vhodnych parametrti 9.

Rovnoviazné stavy — hodnoty parametri nezavisi
na ¢ase, Nerovnovazné stavy — hodnoty parametri
se méni s casem 10. 11.

Pohyb objekti — sled nerovnovaznych stava 12.
Neusporadany pohyb mnoha obvykle malych téles
tvoricich makrosystém — zkouman pomoci
rovnovaznych a sledu nerovnovaznych
termodynamickych stavi  13.

Uspoi‘adany pohyb mikrotéles, makrotéles,
megatéles — zkouman pomoci rovnovaznych
a sledu nerovnovaznych
pohybovych stavi 14.

E,

\ 4 E;

Fyzika jako konkrétni piirodni véda zkouma
stavy fyzikalnich objektd a jejich zmény 15. 16. 17. 18.
na zakladé vzajemného plsobeni latek (téles) a poli

A 4

B, C,D’

B, C,D’

\ 4

aZ na stiredni Skole

Klasicky, kvantovy a relativisticky rozmér
statistické fyziky — zkoumani hlavné
rovnovaznych termodynamickych stavi

19.

Klasicky, kvantovy a relativisticky rozmeér
nestatistické fyziky — zkoumani pohybovych
stavii pomoci pFi¢in zmén pohybovych
stavii (dynamika-sily) a popisu  20. 21. 22.
pohybovych zakoni (kinematika-draha)

E/

E,’

A

y

Zatazeni konkrétniho prufezového témata fyziky zékladni skoly (Latky
a t¢lesa, Pohyb téles, Sily, Mechanické vlastnosti tekutin, Energie, Zvukové
dé¢je, Elektromagnetické a svételné déje, Vesmir.)

23.

Obr.2: Analyticko-synteticky model zakladniho udiva fyziky 2. stupné zakladni Skoly
(s mozZnosti zaradit prirezové téma v ramci struktury fyziky jako celku)
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Pti¢iny zmény pohybovych stavii makroobjekt (téles)

\4

\4

\4

Popis sily
(velikost, smér atd.)

Typologie sil
(téleso-teleso,
téleso-pole-téleso)

Podstata sily
(bezprostiedni dotyk,
plsobeni na dalku)

Obecny obrazek vzajemného ptisobeni téles, tj. podstata
a vektorovy popis gravitaéni a dotykové sily

A\ 4

A\ 4

A\ 4

Translacni u€inky sily Rotacni ucinky sily Deformacni ucinky sily a
a jejich popis a jejich popis jejich popis
Newtonovy Momentova Hookuv
zakony véta zakon
Kvantifikace Kvantifikace Kvantifikace
translacnich u€inka rotacnich u¢inkd deformacnich ucinkt

l

l

l

Konkrétni obrazek interakce téleso-t€leso
a n¢kolik udaji o interakci téleso-pole-téleso

A\ 4

Aplikace:

Gravitace t¢lesa, Newtonilv gravitacni zakon, Tteni, Podminky rovnovahy
na jednoduchych strojich, Naklonéna rovina — specialni ptipad skladani
nerovnobéznych sil

Obr.3: Analyticko-synteticky model u¢iva dynamiky (,,sily*)
na druhém stupni ceské zakladni Skoly
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5. Shrnuti ilustrace hierarchického a analyticko syntetického modelovani
vybrané variantni formy kurikula

a) Pouzita metoda “data mining visualization” — hierarchické a analyticko-syntetické modelovani.

b) Odpovidajici variantni forma kurikula (“part of data mining structure” — soucast
zamysleného kurikula odpovidajici zakladnimu ucivu soustavy uciva didaktického systému fyziky
pro 2. stupen Ceské zakladni skoly.

c) Poti‘ebnost analyzy kurikuldarniho procesu (“analysis of data mining algorithm™)
Navrhovatel analyticko-syntetického modelu zékladniho uciva fyziky pro 2. stupen ¢eské zakladni
Skoly navrhl prostfednictvim modelu Obr.2 soucast zamysleného kurikula jako souéést soustavy
uciva didaktického systému fyziky na irovni 2. stupné Ceské zakladni skoly. Pfed podanim navrhu
navrhovatel musi analyzovat soucasti kurikularniho procesu fyziky a jejich sefazeni do
posloupnosti (“data mining algorithm™):

Konceptudlni kurikulum fyziky (védecky systém fyziky z hlediska jeho sdélitelnosti)
Zamyslené kurikulum fyziky (didakticky systém fyziky)

Projektové kurikulum fyziky (vyukovy projekt fyziky)

Implementované kurikulum-1 (ptiprava ucitele fyziky na vyuku)

Implementované kurikulum-2 (ucivo osvojené adresatem fyzikalni edukace)
Dosazené kurikulum fyziky (aplikovatelné vystupy vyuky fyziky)

d) Prufiezové téma ,,Dynamika-Sily*“ patii ke klasické nestatistické fyzice. Podle modelu struktury
fyziky uvedeného na Obr.2 bylo moZno zarazeni prifezového tématu ,,Dynamika-Sila“ vybirat
z klasické, kvantové a relativistické statistické fyziky a také z klasické, kvantové a relativistické
nestatistické fyziky. Model prifezového tématu ,,Dynamika-sila“ je uveden na Obr.3.

Pouzita metoda “data mining visualization” pro vznik modelu na Obr.3 — hierarchické
a analyticko-syntetické modelovani.

Odpovidajici variantni forma kurikula (relevant part of “data mining structure”) — soucast
zamysleného kurikula odpovidajici ¢asti soustavy uciva didaktického systému fyziky pro 2. stupen
Ceské zakladni skoly.
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Abstrakt

Prace predklada v ramci komunikaéni koncepce oborovych didaktik pojmovou mapku a definici pojmu , kurikulum*
vytvofené kognitivni analyzou na zdklad¢ trojuhelnikového modelu kognitivni architektury pojmi. Koncepce
variantnich forem kurikula vychazi z variabilniho pojeti, podle n¢hoz je kurikulum fenomén, ktery je svou povahou
proménlivy a postupné se transformuje do riznych podob. Didakticka komunikace védy je souvisly proces predavani
a zprosttedkovani vysledkii a metod védeckého a odborného poznani do védomi jednotlivced, ktefi se na jeho vzniku
nepodileli, pfi¢emz védecké poznatky prochazi v ramci tohoto procesu riznymi transformacemi. Komunikacni teorie
oborovych didaktik zahrnuje koncepci variantnich forem kurikula a didaktickou komunikaci védy.

Kli¢ova slova

Didakticka komunikace, didakticka transformace, kurikulum, kurikularni proces, kurikularni transformace, variantni
forma kurikula, kognitivni architektura, trojihelnikovy model pojmu

1. Uvod — komunikaéni koncepce oborovych didaktik, didakticka
komunikace védy a variantni pristup ke kurikulu

Pedagogika a didaktika reaguje na potieby znalostni spolecnosti rozsifenym vyzkumem a studiem
vSech faktord souvisejicich s tvorbou kurikula a edukacnim procesem. Jednim z vysledki tohoto studia
v Ceské a Slovenské republice je komunikaéni koncepce oborovych didaktik, kterd vniméa edukadni
proces, jeho piipravu, planovani, realizaci a hodnoceni jeho vysledkil jako komunikaéni transfer poznatkd
véd a technickych obor smérem k piijemctim — k zakiim a studentim, pficemz adjektivum , komunikaé-
ni* vyjadiuje skutecnost, ze se jednd o proces se zpétnou vazbou — tedy o oboustrannou komunikaci.

Komunikaéni koncepce byla rozpracovana nejprve v didaktice fyziky a pozdéji v oborovych didakti-
kach pfirodnich véd a ekonomiky jako didaktickda komunikace prirodnich véd (Fenclova-
Brockmeyerova, Capek, Kotasek, 2000; Brockmeyerova 2002; Kotasek, 2004; Tarabek, Zaskodny a kol.,
2002, 2003, 2004, 2005). Do systémové podoby byla komunika¢ni koncepce oborovych didaktik jako
didakticka komunikace fyziky, védeckych a technickych disciplin dopracovana v r. 2006 — 2008 (Ta-
rabek, Zaskodny, at al. 2006, 2007; Brockmeyerova, Tarabek, 2007; Tarabek, 2007a; Zaskodny, 2007;
Adamcikova, Tarabek, 2007, 2008a, 2008b).

V ramci komunikaéni koncepce oborovych didaktik je didakticka komunikace védy definovana jako
cely souvisly proces piedavani a zprostfedkovani vysledkli a metod védeckého a odborného poznani
do védomi jednotlivcd, ktefi se na jeho vzniku nepodileli. Tento proces je konan riznymi edukacnimi
aktéry se vzdélavaci intenci a zahrnuje nejen vzdélavani a vyuku na vSech urovnich skolské soustavy,
nybrz i celozivotni vzdélavani realizované institucionalné. Didaktickd komunikace védy tvori didakticky
most mezi védeckymi/odbornymi poznatky a jejich mentalnimi reprezentacemi v myslich edukantt
(Brockmeyerova, Tardbek, 2007) a je teoretickym modelem reprezentujicim pfedmét oborové didaktiky
v komunika¢nim pojeti.

Didaktika se v procesu didaktické komunikace zabyva pojmové poznatkovym systémem " (PPS)
dané védni/odborné discipliny zahrnujicim védecké/odborné pojmy a poznatky — fakta, zékony, pravidla,
principy, teorie, jakoz 1 poznavaci metody. Pojmové poznatkovy systém dané védni discipliny/oboru
nabyva béhem didaktické komunikace n€kolik odlisnych variantnich forem a prodélava nékolik vyraz-
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nych transformaci — nazyvame je poznatkové transformace. Predmétova didaktika sleduje celou cestu
predavani védeckého poznani, pficemz variantnim formam pojmové poznatkového systému dané védni
discipliny/oboru odpovidaji kvalitativné odlisné faze didaktické komunikace F1 — F6. V souladu
s poznatkovymi transformacemi pojmové poznatkového systému rozliSujeme také didaktické transfor-
mace > v didaktické komunikaci dané védy/oboru DT1 — DTS6.

Po roce 2000 se v Ceské republice formovala koncepce variabilniho pojeti kurikula (Priicha, 2002,
2006; Manak 2007), podle n¢hoz ,.kurikulum existuje nikoli jako néjaky staticky fenomén, nybrz je to jev,
ktery je svou povahou proménlivy. Nejprve mize byt konstruovan jako urcitd idea ¢i vize, ale pak se
v pribéhu svého fungovani postupné transformuje do riznych podob, jez jsou vzajemné odlisné“ (Pricha,
2006). Koncepce variantnich forem kurikula odpovida pojeti kurikula, jenz rozliSuje roviny, urovné, for-
my nebo reprezentace kurikula, napt. planované, realizované a dosazené kurikulum (Kurajova-Stopkova,
Kuraj, 2006); néarodni, skolni, tfidni a individudlni rovina kurikula (Walterova, 2006), intended, imple-
mented, achieved/attained curriculum (TIMSS, 2007). Prtiicha (2006) rozliSuje pét forem kurikula od kon-
cepéni formy az po obsah vzdélavani osvojeny edukanty. Akker (2003) rozliSuje Ctyii uZivatelské urovné
kurikula: narodni, Skolské neboli institucionalni, kurikulum na urovni tfidy, individualni troven. Kelly
(2004) rozlisuje pét forem kurikula: koncepéni, oficidlni, planované, aktudlni a pfijaté kurikulum. Akker
(2003) rozlisuje Sest reprezentaci kurikula: intended — ideal (vize a filosofie kurikula), intended — written
(kurikulum formalni — ,,psané‘“ — obsazené v kurikularnich dokumentech), implemented — perceived (kuri-
kulum interpretované edukatory tak, jak mu ucitelé rozumi), implemented — operational (kurikulum pre-
zentované v ramci vyuky), attained — experiential (kurikulum vnimané edukanty v procesu vyuky), attai-
ned — learned (znalosti, dovednosti a kompetence jako vysledky vyuky v myslich edukantt).

Ve svétové pedagogické a didaktické literatufe se pouziva mnoho dalSich termint pro typy, formy,
urovné nebo koncepce kurikula (Kelly, 2004; McNeil, 2005; Pracha, 2002; Smith, 2000; Westbury, 2008).
Vystizné charakterizuje tuto situaci Walterova (2006): ,,V zahrani¢i se stal pojem kurikulum béznym
a mezinarodn¢ uznavanym, pouzivanym v odborné komunikaci i v praxi. Jeho vyhoda je v tom, Ze je
komplexni a rdmcovy, nevyhoda v tom, Ze je jako takovy obtizn¢ definovatelny a mnohoznacény. I v sou-
¢asnych integrujicich encyklopediich a monografiich se mizeme setkat s celou skalou vyznamnych vari-
ant, které odrazeji riznost kontextovych a paradigmatickych ramci, v nichz se koncept kurikula rozvijel a
stal se predmétem vyzkumu a teoretické reflexe.” Model vychazejici z koncepce variabilniho pojeti ku-
rikula (Pricha, 2002, 2006; Manak 2007) pouziva pét termintl, které reprezentuji formy existence kuri-
kula jako obsahu vzdélavani: koncepéni (ideova), projektova, realiza¢ni, rezultatova a efektova forma.
V pracich (Zaskodny, 2007; Adamcikova, Tarabek, 2007, 2008a, 2008b) byla konstatovana koresponden-
ce mezi témito formami kurikula a fazemi didaktické komunikace fyziky a ptirodnich véd.

Integrace obou koncepci v ramci komunikaéni koncepce oborovych didaktik vedla ke koncepci
kurikularniho procesu (Tarabek, 2008a, 2008b, 2008c; Adamcikova, Tarabek, 2008c; Zaskodny, 2008a,
2008b), ptic¢emz z variabilniho piistupu ke kurikulu byla pievzata myslenka variantnich forem kurikula
(Priicha, 2006; Zaskodny, 2007) a z didaktické komunikace idea poznatkovych a didaktickych transfor-
maci jakoz i fazi didaktické komunikace dané védy/oboru (Brockmeyerova, Tardbek, 2007; Tarabek,
2007a; Zaskodny, 2007).

2. Teoreticka koncepce kurikularniho procesu

Kurikularni proces dané védy/oboru je cely komplexni proces predavani a zprosttedkovani vysledk
a metod védeckého/odborného poznani do védomi jednotlivet, ktefi se na vzniku poznani nepodileli. Ten-
to proces je konan riznymi edukacnimi aktéry se vzdélavaci intenci (védci zabyvajici se edukacnim vy-
zkumem, tvurci kurikula, tvlrcei a producenti ucebnic a dalSich didaktickych prostiedkll, edukatoti) a za-
hrnuje nejen vzdélavani a vyuku na vSech tirovnich skolské soustavy, nybrz i celozivotni vzdélavani reali-
zované institucionalng.

Didaktika se v kurikularnim procesu zabyva védeckym/odbornym pojmové poznatkovym systé-
mem dané védni/odborné discipliny " zahrnujicim védecké/odborné pojmy a poznatky — fakta, zakony,
principy, teorie, jakoz i poznavaci metody. Pojmoveé poznatkovy systém dané védy/oboru nabyva béhem
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kurikularniho procesu odlisné formy, které nazyvame variantni formy pojmové poznatkového systému

dané védy/oboru neboli variantni formy znalostniho obsahu dané védy/oboru (variant forms of content

knowledge). Tyto formy jsou propojeny poznatkovymi transformacemi (knowledge transformations).

Variantni formy znalostniho obsahu tvofi obsahovou komponentu kurikula.

Didaktika musi sledovat celou cestu pfedavani védeckého/odborného poznani, pficemz variantnim
formam pojmové poznatkového systému dané védni discipliny/oboru — variantnim formdm znalostniho
obsahu — odpovidaji kvalitativné odlisné faze kurikularniho procesu, jeZ jsou nazyvany variantni for-
my kurikula (Pricha 2002, 2006; Manak 2007; Zaskodny 2007; Tarabek, 2007a). Variantni formy ku-
rikula jsou oproti variantnim formam znalostniho obsahu doplnény o dals$i komponenty kurikula — in-
tenciondlni, procesudlni a metodickou, pedagogickou a didaktickou, kognitivni a organizacni.

Kurikularni proces (KP) je realizovan sekvenci variantnich forem kurikula a probihaji v ném dva
transformacni procesy:

1. Prvnim transformac¢nim procesem je sekvence variantnich forem znalostniho obsahu (neboli
variantnich forem pojmové poznatkového systému) dané védy/oboru, které jsou propojeny po-
znatkovymi transformacemi PT1 — PT6.

2. Druhym transforma¢nim procesem je sekvence variantnich forem (fazi) kurikula FO — F6, které¢ jsou
propojeny kurikularnimi transformacemi KT1 — KT6 (neboli didaktickymi transformacemi DT1 —
DT6. Transformace KT1 — KT3 piedstavuji tvorbu, vyvoj a dizajn kurikula, transformace KT4 — KT5
odpovidaji pfimo eduka¢nimu procesu. Transformace KT6 znamena pfeménu vystupti edukace na ta-
kové znalosti, dovednosti, postoje a kompetence, jenz jsou aplikovatelné v praxi. Tato transformace
probiha v praxi ¢loveéka, miize ovsem probihat 1 v ramci skolské edukace.

3. Kurikulum

Termin kurikulum je pfevzat z americké pedagogiky, kde se pouziva 90 let (Bobbit, 1918, 1928). Jeho
obsah se ménil a v souc¢asné dob& zahrnuje Siroky rozsah edukacnich jevil, ¢emuz odpovida velky pocet
ruznych definic v pedagogické literatute.

Pedagogicky slovnik ,,rozliSuje tii zakladni vyznamy pojmu: 1) vzdélavaci program, projekt, obsah, 2)
pribéh studia a jeho obsah, 3) obsah veskeré zkusenosti, kterou zaci ziskavaji ve Skole a v ¢innostech ke
Skole se vztahujicich, jeji planovani a hodnoceni* (Pricha, Walterova, Mares, 2008). Psychologicky slov-
nik definuje kurikulum jako 1) vzdé€lavaci program, 2) Skolni osnovy; dale: ,,Skolni kurikulum obsahuje
vSe podstatné, co se ve Skole odehrava; nejde jen o obsah vzdélavani, ale také o jeho pribeh; soucasti je
hodnoceni (evaluace) i hodnotici kriteria, didaktické strategie, organizace vyuky a ucebni plany* (Hartl,
Hartlova, 2004).

1) Pojmové poznatkové systémy (PPS) jsou tvofeny systémem pojmu a poznatkil, jakoz i vazeb mezi nimi, které tvoti strukturu
PPS. RozliSujeme externi a interni PPS (Tarabek, 2007b).
Védecké/odborné (externi) pojmové poznatkové systémy (VPPS/OPPS) jsou vysledkem poznavaciho procesu spolecenstvi
védcl a odbornikd v dané védni/odborné discipling. Jsou tvofeny systémem védeckych pojmd, fakti, zakont, principi a teo-
rii, jejich aplikaci a interpretaci, dale systémem opera¢nich/proceduralnich poznatkii — poznavacich, modelovacich, aplikac-
nich a interpretacnich metod a postupt, které dana védni/odborna disciplina pouziva.
Védecky/odborny systém daného oboru je tvoten VPPS/OPPS a dal$imi komponentami: organizaéni (organizace védy, spo-
le¢enské, ekonomické a pravni prostiedi), komunikaéni (komunikace a diseminace védeckych/odbornych poznatk), atd.
Interni (mentilni) pojmové poznatkovy systém (IPPS) je vysledkem individualniho pozndvaciho procesu. Je to systém
pojmu a poznatkil, které si pozndvaci subjekt vytvaii resp. ziskava v procesu vychovy, vzdélavani, pozorovanim, prostfednic-
tvim empirické zkuSenosti, jakoz i cilevédomym experimentovanim a vlastnim myslenim. Pod poznatky zatfad’ujeme znalosti
nejenom deklarativni ale téz operacni/proceduralni.

2) Termin ,,didakticka transformace® je pouZivan na vyjadfeni faktu transformace védeckych a odbornych poznatki pro tcely
vzdélavani (Mohlenbrock, 1982; Skalkova 2006; Tarabek, Zaskodny, 2006, Trna, Janik, 2006, Helus, 2007; Knecht, 2007,
Brockmeyer, Tarabek, 2007).
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Pricha (2002) chape kurikulum v ramci variantniho pojeti jako ,,obsah vzd€lavani (content of
education, curricular content)®.

Kerr definuje kurikulum jako vSechno vyucovani a uceni, jenz je pldnovano a fizeno, nezavisle od to-
ho, je-li realizovano skupinové nebo individudlné, uvnitf nebo mimo Skolského systému (citovano
v Kelly, 1999).

Kelly (2004) rozliSuje planované kurikulum jako uc¢ivo ptredkladané ve formé osnov, sylabii, ucebnich
textl atd. a realizované kurikulum jako Uplny komplex vSech vysledkii uceni (poznatkii, dovednosti, po-
stojii atd.), jez zak ziska v edukacnim procesu.

Smith (2000) rozlisuje né€kolik koncepci kurikula v ramei kurikularni teorie a praxe:

1) kurikulum jako obsah znalosti, jenz maji byt pfedavany a zprostiedkovany piijemctim;

2) Kurikulum jako produkt je charakterizovano cilovymi komponenty — znalostmi, dovednostmi, navyKky,
postoji pfijemct, dale cestami, jenz jsou nutné k jejich dosaZzeni a zjisténymi vysledky edukacniho
procesu (Bobbit, 1918, 1928; Smith, 2000).

3) Kurikulum jako proces je charakterizovano komunikaci edukacnich zamért a cild takovou formou,
jenz umozni jejich efektivni transformaci do edukacéni praxe, pfiCemz se zdtraziuje edukace jako pro-
ces se zpétnou vazbou a ne jeji obsahovy aspekt (Stenhouse, 1975).

Deskripce, definice a pojmova mapa kognitivni architektury kurikula

Za pomoci kognitivni analyzy ¥ pojmu ,kurikulum* definovaného a popsaného ve vyse uvedenych
pracich a dalsich (Roehler, 2006, Walterova, 2006, Westbury, 2008) je prezentovan popis, definice a
struktura tohoto terminu, jenz koresponduje s obecnimi aspekty a dimenzemi kurikula (Walterova, 1994,
2006; Kelly, 2005; Manak, 2007).

Struktura pojmu ,.kurikulum® je tvotrena zakladnimi prvky — jadrem, vyznamem a smyslem pojmu
jakoz 1 vazbami mezi nimi, pfi¢emz vyznam a smysl jsou samostatné systémy — disjunktni mnoziny, jez
neni mozné zaménovat (viz pojmova mapa na obr. 1).

Jadro C (core) je tvoteno slovem ,.kurikulum® a reprezentativni piedstavou — sémantickym prototy-
pem pojmu ,kurikulum® obsahujicim vSechny sémantické predstavy atributi kurikula vcetné aktudlni
kvality, tj. znalostniho resp. vzdélavaciho obsahu.

Vyznam M (meaning) pojmu ,kurikulum“ je v rdmci komunikacni koncepce tvofen podfazenymi
pojmy — konceptualni, zamyslené, projektové, realizované, implementované a dosazené kurikulum (vari-
antni formy kurikula), vazbami jadra na podfazené pojmy a vazbami podiazenych pojmu na tiidu objektt
tvoricich rozsah pojmu ,.kurikulum® (viz pojmova mapa na obr. 1). Kromé toho miize byt vyznam pojmu
»kurikulum® tvofen i jinymi podfazenymi pojmy, proto ma termin ,,kurikulum* vice vyznami v zavislosti
od toho, v jakém teoretickém ramci je studovano.

Smysl S (sense) pojmu ,.kurikulum® je tvofen mnozinou S1vsSech pfifazenych pojmi, které Ize smys-
luplné spojovat s danym jadrem C v fe¢i a mysleni (kromé pojmi podfazenych), jakoz i smyslovych vazeb
jadra na né (viz pojmova mapa na obr. 1). Tyto pojmy jsou:

— atributy (podstatné vlastnosti) kurikula vyjadiujici skute¢nost, ze kurikulum determinuje projektovani
a planovani edukace z hlediska zamért a cilt, pfipravu a pribeh edukacniho procesu, jakoz i vystupy
edukace;

— znalostni/vzdelavaci obsah (aktudlni kvalita);

— potencialni kvality, tj. roviny a dimenze kurikula. Piipojeni potencialnich kvalit k pojmu kurikulum
vytvofi tfidu pojmul podfazenych.

— komponenty, z nichz je kurikulum slozeno. Kurikulum je tvofeno systémem prvkid — komponent —
propojenych vazbami, pfi¢emz vybér komponent uréuje formu, typ a charakter kurikula.

— Kromé toho do smyslu pojmu , kurikulum® patii kontextudlni vazby na vSechny dalsi pojmy, které Ize
s terminem kurikulum smysluplné spojovat (kromé pojmi podrazenych).

3) Kognitivni analyza pojmt byla rozvinuta na baze trojuhelnikového modelu pojmové struktury — modelu kognitivni architektu-
ry pojmu jako metoda zjistovani pojmové struktury a vytvafeni adekvatnich pojmovych map (Tarabek, 2007b, 2008d, 2008e).
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Obr. 1: Pojmova mapa kognitivni architektury (struktury) pojmu ,, kurikulum*

v ramci komunikaéni koncepce oborovych didaktik
Obdélniky oznacuji prvky pojmové struktury: jadro a mnozinu S1 pojmu smyslu; ¢arkované obdélniky
oznacuji subsystémy: smysl a vyznam; ovalné boxy oznacuji podfazené pojmy; Sipky oznacuji vazby mezi
prvky pojmové struktury. Carkované Sipky od obdélniku dimenzi k podfazenym pojmiim vyznamu naznadu-
ji vazby mezi dimenzemi a variantnimi formami kurikula.

edukacni konstrukt % nadfazeny pojem

/L

pojem , kurikulum®

Jadro C (core) pojmu “kuri-

kulum”:

—slovo “kurikulum”

— RSI (reprezentative seman-
tic image) — reprezentativni

Smysl S (sense) pojmu “kurikulum” je tvofen mnozinou S1.
S1 je mnozina pfifazenych pojmi, které Ize smysluplné
spojovat s danym jadrem C (kromé pojmt podfazenych)

a smyslovych vazeb jadra na n¢: vazby kvalitativni na poten-
cialni a aktudlni kvality, vazby atributivni na atributy, vazby

predstava systémové na komponenty a vazby kontextualni ¥.
. : LF Kvalitativni vazba znalostni/vzdélavaci obsah
Jadro C pojmu | na aktualni kvalitu
. kurikulum '

| — projektovani, planovani
Slovo ,,kur11.<ulum : Atributivni vazby na atributy kurikula: a priprava edukace
Reprezentativni T - — — edukacni procesy
predstava — séman- I Kurikulum determinuje... — vystupy edukace z hlediska
ticky prototyp pojmu | zameru a cili edukace
,.kurikulum* obsahu- :
jici sémantické pred- I
stavy atributi kuriku- |
la véetng aktualni i
I
|
I
|
]

— rovina koncepéni
Kvalitativni vazby na potencialni — rovina pldnovani
—rovina realizace
—rovina osvojeni

kvality — znalostniho kvality — roviny kurikula

resp. vzdélavaciho
obsahu.

dimenze koncepcni, intencionalni,
Kyvalitativni vazby na potencialni projekéni, realizaéni, implemen-
~]-tatni a aplikacni neboli eféktova

| kvality — dimenze kurikula

variantni formy
kurikula

dosazené I Vyznam M (mea-

kurikulum I ning) pojmu ,,kuri-
kulum* je tvofen

I podiazenymi

| pojmy a vazbami

jédra na né.

implementova-

né kurikulum

konceptualni | | zamyslené
kurikulum kurikulum

projektové realizované
kurikulum kurikulum

Rozsah pojmu ,.kurikulum® — tfida denotat, tj. tfida vSech odpovidajicich konkrétnich druht, typt a forem kurikula
v edukaéni teorii a praxi

4) Systémové a kontextudlni vazby jakoz i komponenty nejsou vyznaceny.
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Kurikulum jako edukaéni konstrukt je soucasné systémem vytvofenym s nasledujicich komponent >

(pticemz konkrétni variantni forma nemusi byt sloZzena ze vSech komponent):

— intenciondlni komponenta — zdm¢éry, cile a koncepce vzdélavani,

— obsahova komponenta — variantni formy pojmové poznatkovych systémii resp. variantni formy
znalostniho obsahu (content knowledge) a obsahu vzdélavani (educational content),

— procesualni a metodicka komponenta — strategie, formy a metody vyuky, motivacni postupy,

— kognitivni komponenta — poznatky kognitivnich véd potfebné pro tvorbu kurikula a edukacni proces,
charakteristiky kognitivni irovné edukantti, metody adaptace uciva na poznatkovou a kognitivni tro-
ven edukantd (cognitive content knowledge),

— pedagogicka a didaktickda komponenta je tvofena pedagogickymi a didaktickymi znalostmi aktéra se
vzdélavaci intenci: tvlirct variantnich forem kurikula az po projektové kurikulum, producentt ucebnic,
edukatorti (pedagogical content knowledge), védeckych pracovniki v oblasti didaktického a pedago-
gického vyzkumu, atd.

— evaluaéni komponenta — zjistovani arovné a kvality védomosti, znalosti, dovednosti, kompetenci
edukanti véetn€ nastroju jejich evaluace, zahrnuje i problémy efektivnosti edukace,

— organiza¢ni komponenta — organizace vyuky, organizacni slozka tvorby vzdélavacich programti a
plant, stav vzdélavaci soustavy (typy, formy a fizeni Skol, formy vzdélani, financovani vzdélavaciho
systému, legislativa), pravni a ekonomické prostiedi, atd.

Definice kurikula je dana pfipojenim atributli k nadfazenému pojmu:

Kurikulum je edukacni konstrukt, jenz determinuje projektovani, planovani a pfipravu edukace, edu-
kacni procesy a tvorbu navazujicich eduka¢nich konstrukti (uc¢ebnice a dalsi didaktické prostiedky)
jakoz i vystupy edukace z hlediska zamért a cilti edukace.

5) Komponenty kurikula, jejich vycet a popis vychazi z praci (Walterova, 1994, 2006; Akker, 2003; Kelly, 2004; Manak, 2007 —
dimenze kurikula).

4. 7.avér

Tato prace piedklada v ramci komunikaéni koncepce oborovych didaktik pojmovou mapu pojmu ,,ku-
rikulum® vytvofenou pomoci kognitivni analyzy (Tarabek, 2007d, 2008d, 2008¢) na zéklad¢ trojiihelniko-
vého modelu kognitivni architektury pojmu (Tarabek, 2008f). Pojmova mapa vyjadiuje strukturu a kogni-
tivni architekturu pojmu ,kurikulum® tvofenou zakladnimi prvky — jadrem, vyznamem a smyslem
jakoz 1 vazbami mezi nimi, pfi¢emZ vyznam a smysl jsou samostatné systémy — disjunktni mnoziny, jez
neni mozné zamenovat. Vyznam je v rdmci komunikacni koncepce tvofen podrazenymi pojmy — koncep-
tualni, zamyslené, projektové, realizované, implementované a dosazené kurikulum (variantni formy kuri-
kula), vazbami jadra na podfazené pojmy a vazbami podiazenych pojmu na tfidu objektl tvoficich rozsah
pojmu ,.kurikulum®. Smysl je tvofen mnozinou vsech pfifazenych pojmi, které lze smysluplné spojovat
s jddrem pojmu ,,kurikulum* v fe¢i a mysleni (kromé pojmu podiazenych), jakoz i smyslovych vazeb ja-
dra na n€. Tyto pojmy jsou: atributy (podstatné vlastnosti) kurikula, znalostni/vzdélavaci obsah, poten-
cialni kvality (roviny a dimenze kurikula) a komponenty, z nichz je kurikulum sloZeno.

Komponenty kurikula jsou nasledujici: intencionalni (zaméry, cile a koncepce vzdélavani), obsaho-
va (variantni formy pojmové poznatkovych systému resp. variantni formy znalostniho obsahu — content
knowledge a obsahu vzdélavani — educational content), procesualni a metodicka komponenta (strategie,
formy a metody vyuky, motivacni postupy), kognitivni komponenta (poznatky kognitivnich véd potieb-
né pro tvorbu kurikula a edukacni proces, charakteristiky kognitivni irovné edukantli, metody adaptace
uciva na poznatkovou a kognitivni uroven exulant(, tj. cognitive content knowledge), pedagogicka a
didakticka komponenta (pedagogické a didaktické znalosti aktérti se vzdélavaci intenci: tvirct variant-
nich forem kurikula az po projektové kurikulum, producentti ucebnic, edukatort, tj. pedagogical content
knowledge, védeckych pracovniki v oblasti didaktického a pedagogického vyzkumu), evaluaéni kompo-
nenta (zjiStovani urovné a kvality védomosti, znalosti, dovednosti, kompetenci edukantli véetné nastroji
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jejich evaluace, zahrnuje i problémy efektivnosti edukace) a organiza¢ni komponenta (organizace vzdeé-
lavani).

Definice kurikula je ddna podle trojiihelnikového modelu pojmu pfipojenim atributd k nadiazenému
pojmu, tj.: Kurikulum je edukac¢ni konstrukt, jenz determinuje projektovani, planovani a ptipravu eduka-
ce, edukacni procesy a tvorbu navazujicich edukacnich konstruktii (uéebnice a dalsi didaktické prostied-
ky) jakoz i vystupy edukace z hlediska zamért a cilti edukace.

Predlozeny model kurikula a jeho kognitivni architektury je dostate¢né univerzalni z hlediska analy-
zovanych definic kurikula a umozinuje také definici v ramei jinych koncepci kurikula, korespondujicich
napf. s rovinami nebo dimenzemi kurikula.

Predlozeny model kurikula je integralnim prvkem teoretické koncepce kurikuldarniho procesu, jako
spojeni variabilniho pojeti kurikula a komunikacni koncepce. Koncepce kurikularniho procesu je teoretic-
kym modelem reprezentujicim pfedmét oborové didaktiky v rdmci komunikac¢niho pojeti oborovych di-
daktik. Soucasné piekracuje ramec oborovych didaktik a je pokusem o strukturalné pojatou teorii kurikula
jako variantniho fenoménu. Tato koncepce popisuje didaktickou komunikaci pojmil a poznatka véd, tech-
nickych a jinych obord smérem k edukantim jednoduchym fetézcem variantnich forem kurikula (fazi
kurikuldrniho procesu neboli didaktické komunikace) propojenych kurikularnimi neboli didaktickymi
transformacemi, pficemz poukazuje na podstatné prvky, které¢ by nemély byt pti vyvoji kurikula a kuriku-
larnich reforméch opomijeny.

Literatura

Adamcikova, V., Tarabek, P. (2007) Didakticka komunikacia v predmetovych didaktikach. In Educational & Didactic Communi-
cation 2007. Bratislava : Didaktis, 2007. ISBN 987-80-89160-56-3. www.didaktis.sk.

Adamcikova, V., Tarabek, P. (2008a) Didaktickd komunikéacia v predmetovych didaktikach. In NOTES — zbornik konferencie
Inovdcie v skole 2007, Bratislava : Zdruzenie ORAVA pre demokraciu vo vzdelavani, 2008. ISSN 1336-1651.

Adamcéikova, V., Tarabek, P. (2008b) Didaktickd komunikécia v predmetovych didaktikach. In Slovo o slove, Vol. 14. Presov :
Pedagogicka fakulta PreSovskej univerzity, 2008. ISBN 978-80-8060-752-6.

Adamcéikova, V., Tarabek, P. (2008c). Educational Communication and Curriculum Process in Physics Education. In GIREP 2008
International Conference, Nicosia : University of Cyprus, 2008.

Akker, J. J. H. van den. (2003). Curriculum perspectives: an introduction. In J. van den Akker, W. Kuiper & U. Hameyer (Eds.).
Curriculum landscape and trends. Dordrecht : Kluwer Academic Publishers, 2003.

Bobbit, F. (1918). The Curriculum. Boston : Houghton Mifflin, 1918.
Bobbit, F. (1928). How to Make a Curriculum. Boston : Houghton Mifflin, 1928.

Brockmeyerova, J. (2002). Kommunikationsauffassung der Physikdidaktik. In conference proceedings, New York, Tarabek, P.,
Zaskodny, P. (eds) Analytical-Synthetic Modeling of Cognitive Structures., Bratislava: Educational Publisher Didaktis, s.r.o.,
ISBN 80-85456-77-X.

Fenclova-Brockmeyerova, J., Capek, V., Kotasek, J. (2000) Oborové didaktiky jako samostatné védecké discipliny. Pedagogika,
2000, XLX, ¢. 1, s. 23-37. ISSN 3330-3815.

Brockmeyerova, J., Tarabek, P. (2007). Teoretickd koncepce didaktiky fyziky. In Educational & Didactic Communication 2007,
ISBN 987-80-89160-56-3. Bratislava : Didaktis, 2007.

Fenclova, J. Uvod do teorie a metodologie didaktiky fyziky. SPN : Praha, 1982.

Fenclova, J., Bednaiik, M., Pllpan, Z., Svoboda, E. (1984). K perspektivam fyzikalniho vzdélani v didaktickém systému prirodnich
véd. Praha : Academia, 1984.

Hartl, P., Hartlova, H. (2004). Psychologicky slovnik. Praha: Portal, ISBN 80-7178-303-X.

Helus, Z. (2007). Socialni psychologie pro pedagogy. Praha : Grada, 2007.

Kelly, A. V. (1983, 1999, 2004) The Curriculum: Theory and Practice. SAGE Publications, 2004. ISBN 1412900271

Kotasek, J. (2004). Domaci a zahrani¢ni pokusy o obecné vymezeni pfedmétu a metodologie oborovych didaktik, Oborové di-
daktiky v pregradudlnim ucitelském studiu. Brno : PF MU, 2004.

Knecht, P. (2007). Didakticka transformace aneb od ,,didaktického zjednoduseni* k ,,didaktické rekonstrukci®. Orbis Scholae,
2007,2,¢.1,s. 67-81

Kurajova-Stopkova, J,. Kuraj, J. (2006) TIMSS 2003 — Trendy v medzinarodnom vyskume matematiky a prirodovednych pred-
metov, Narodné sprava. Bratislava : SPU, 2006.

Manak, J. (2007). Aktualni problémy kurikula. Mezindrodni kolokvium o rizeni osvojovaciho procesu. Bmo : Univerzita obrany, 2007.

104



Educational & Didactic Communication 2008 — P. Tarabek: Kurikulum v komunikaéni koncepci oborovych didaktik

McNeil, D. J. (2005). Contemporary Curriculum in Thought and Action. New York : John Wiley & Sons Inc, 2005.
Mohlenbrock, R. (1982). Modellbildung und didaktische Transformation. Bad Salzdetfurth: Barbara Franzbecker.
Priicha, J. (2002). Moderni pedagogika. Praha : Portal, 2002.

Pricha, J. (2006) Vyzkum kurikula: Aplikované piistupy in MANAK, I.; JANIK, T. Problémy kurikula zdkladni $koly. Brno:
Pedagogicka fakulta MU, 2006. ISBN 80-210-4125-0.

Pricha, , J., Walterova, E., Mares J. (2008). Pedagogicky slovnik. Praha : Portal, 2008. ISBN 978-807367-416-8

Roehler, A. B. (2006). Characteristics of Curriculum & Curriculum Management, 2006.
http://unesdoc.unesco.org/images/0015/001528/152895¢.pdf

Skalkova, J. (1999). Obecna didaktika. Praha: ISV.

Smith, M. K. (2000). Curriculum theory and practice — the encyclopedia of informal education. 1996, 2000.
www.infed.org/biblio/b-curric.htm.

Stenhouse, L. (1975). An introduction to Curriculum Research and Development, London : Heineman, 1975.

Tarabek, P., Zaskodny, P. at al. Analytical-Synthetic Modeling of Cognitive Structures, Proceedings of Conference, New York,
London. Bratislava : Didaktis. 2002, 2003.

Tarabek, P., Zaskodny, P. at al. Modern Science and Textbook Creation, Proceedings of Conference, Frankfurt. Bratislava :
Didaktis, 2004, 2005.

Tarabek, P., Zaskodny, P. Didakticka komunikace fyziky a jeji aplikace. In Matematika, fyzika, informatika, 2006, 3/2006, p. 146
— 157, 4/2006 p. 224 —227.

Tarabek, P. (2007a). Didaktickd komunikace fyziky a jeji struktura. In Educational and Didactic Communication 2007, Vol. 1.
Bratislava: Didaktis, 2007. www.didaktis.sk

Tarabek, P. (2007b) Cognitive Analysis & Triangular Modeling of Concepts in Curricular Process. In Educational and Didactic
Communication 2007, Vol. 2, p. 107-149, Bratislava: Didaktis, 2007. www.didaktis.sk.

Tarabek, P. (2008a). Variantni formy kurikula z hlediska didaktické komunikace v pfedmétovych didaktikach. In Konference
Kurikulum a ucebnice z pohledu pedagogického vyzkumu, Brno : Pedagogicka fakulta MU, 2008.

Tarabek, P. (2008b). Curricular Process and Communicative Conception in Physics Education, In Physics Education Research
Conference 2008, Contributed Poster Session, Edmonton, Canada : University of Alberta, 2008.
http://www.compadre.org/PER/conferences/2008/sessions.cfm

Tarabek, P. (2008c). Curriculum Process Conception in the Light of the CWSEIL, In konference DIDFYZ 2008, Rackova dolina,
Nitra : Univerzita KonS$tantina Filozofa, 2008. http://www.didfyz.fpv.ukf.sk/

Tarabek, P. (2008d). Triangular Model of Concept and Concept Mapping, In konference DIDFYZ 2008, Rackova dolina, Nitra :
Univerzita KonStantina Filozofa, 2008. http:/www.didfyz.fpv.ukf.sk/

Tarabek, P. (2008e). Kognitivna analyza pojmov formovanych vo vyu€ovacom procese. Konferencia “Inovdcie v skole”, publikované v
Casopise NOTES 4/2008, pp 29-42, ISSN 1336-1651. Bratislava, Dolny Kubin: Zdruzenie Orava pre demokraciu vo vzdelavani.

Taréabek, P. (2008f). Triangular Model of the Cognitive Architecture of Common and Scientific Concepts. In TARABEK, P.;

ZASKODNY, P. (eds.). Educational & Didactic Communication 2008. Bratislava : Educational Publisher Didaktis s.r.o.,
2008. ISBN 978-80-89160-62-4. www.didaktis.sk

Tarabek, P., Zaskodny, P., at al. (2007). Educational & Didactic Communication 2007. Bratislava : Didaktis. ISBN 987-80-
89160-56-3.

Trna, J., Janik, T. (2006). Vybér a strukturovani vzd&lavaciho obsahu jako aktualni pedagogicky problém. In MANAK, .,
JANIK, T. Problémy kurikula zdkladni $koly. Brno: Masarykova univerzita, 2006. ISBN 80-210-4125-0.

TIMSS 2007, http://timss.bc.edu/TIMSS2007/index.html

Walterova, E. (1994). Kurikulum: Promény a trendy v mezinarodni perspektivé. Brno : Masarykova univerzita, 1994. ISBN: 80-
210-0846-6

Walterova, E. (2006). Problémy paradigmatu kurikularniho diskurzu. In MANAK, J.; JANIK, T. Problémy kurikula zdkladni
Skoly. Brno : Pedagogicka fakulta MU, 2006. ISBN 80-210-4125-0.

Westburry, 1. (2008). School Curriculum — Core Knowledge Curriculum, Hidden Curriculum — Overview. In Education Encyclo-
pedia, 2008. http://education.stateuniversity.com/pages/1900/Curriculum-School.html

Zaskodny, P. (2007). Didakticka komunikace fyziky a kurikularni proces. In Educational & Didactic Communication 2007, Brati-
slava : Didaktis, 2007. ISBN 987-80-89160-56-3.

Zagkodny, P. (2008a). Kurikularni proces fyziky. In NAJVAROVA, V.; JANIK, T.; KNECHT, P. (eds.). Kurikulum a u¢ebnice
[CD-ROM]. Brno : MU, 2008. ISBN 80-210-4730-3.

Zaskodny, P. (2008b). Kurikularni proces fyziky. Konference DIDFYZ 2008, Rackova dolina, Nitra : Univerzita KonStantina
Filozofa, 2008. http://www.didfyz.fpv.ukf.sk/

105



Educational & Didactic Communication 2008 — J. Skrabankova: Classing Chemistry with a Scientific System — Reflection in
the Curriculum Documents

Classing Chemistry with a Scientific System —
Reflection in the Curriculum Documents

Jana Skrabankova
Katedra pedagogiky, PAF MU Brno, Poric¢i 31, 603 00 Brno; skrabankova@ped.muni.cz
Abstract

The problem of transforming of scientific knowledge into the form, where the knowledge is communicable to
listeners, in our case to pupils, puts high demands on teachers. This work-load affects both the pedagogical and
psychological sphere of teacher’s abilities and the sphere of their professional knowledge. Modeling of the
logical structures of sets of branches is becoming an European, even a world trend as well. The trend is also
breaking into the pedagogical sphere. The aim of this modeling is to offer a rounded-off structure of information
to pupils, which can be accepted within the scope of a logical system of science without any necessary
simplification.

Analytical-synthetic modeling of a cognitive structure

In the Czech education the new theory called: ”Didactic Communication of” has been developed
by J. Brockmeyer. Within the framework of this theory it is necessary to express and communicate
suitably the knowledge of physics. For this purpose new methods were brought up which reflected
cognitive structure of physical concepts and knowledge (P. Tarabek, P. Zaskodny).

These methods emanate from the analytical-synthetic structure (P. Zaskodny, J. van Deursen) and
from hierarchically arranged levels of conceptual knowledge systems (P.Tarabek). These methods
utilize models and net graphs.

General model of cognitive structure of investigated problem (without concrete conceptual
knowledge contents) see both figure Fig.1 "General model of analytical-synthetic (cognitive)
structure" and Legend to Fig.1.

General model of cognitive structure of investigated problem is consisting in analytical-synthetic
modeling of concrete investigated problem. It can be shown this analytical-synthetic modeling is
acceptable not only for physical education but also for researching of problems concerning different
scientific branches (J.van Deursen).

In addition, such analytical-synthetic modeling can be connected with interactive modelling of
structure of investigated problem. The whole procedure can be presented by means of two steps:

a) Creation of model of analytical-synthetic (cognitive) structure of investigated problem (see both
Fig.1 and Legend to Fig.1)

b) Creation of model of interactive structure of investigated problem on the basis of already created
model of analytical-synthetic structure

Figure 1 represents the general introduction which is needful for basic comprehension of 1 the
analytical-synthetic modeling of a cognitive structure. From this reason, Fig.1 as well as Legend to
Fig. 1 should be investigated in detail.

Legend to Fig. 1

a  (Identified Complex Problem) - Investigated area of reality, investigated phenomenon

By (Analysis) - Analytical lay out within the framework of corresponding knowledge level

b (Partial Problems PP-k) - Result of analysis: essential attributes and features of investigated
phenomenon

Ck (Abstraction) - Qualification of abstraction essences within the framework of corresponding
knowledge level

cx (Partial Solutions of PP-k) - Result of abstraction: partial concepts, partial knowledge, various
relationship etc.

Dy (Synthesis) - Synthetic finding of dependences among the results of abstraction within the
framework of corresponding knowledge level

dy (Partial Conclusions PC-k) - Result of synthesis: principle, law, dependence, continuity etc.
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Eyx (Intellectual Reconstruction) - Intellectual reconstruction of investigated phenomenon /

investigated area of reality

e (Total Solution of Complex Problem "a")- Result of intellectual reconstruction: analytical-

synthetic structure of conceptual knowledge system

B,

\ 4

a - Identified Complex Problem

B, ANALYSIS By

\ 4

by - Partial Problem

b, - Partial Problem

by - Partial Problem

Nr. 1 (PP-1) Nr. 2 (PP-2) Nr.k (PP-k)
C, C, Cs C4 ABSTRACTION C;

A A y \ 4 v
cq-Partial | | cp-Partial | |c3-Partial | | c4-Partial cj-Partial Solutions
Solution Solution Solution Solution of PP-k
of PP-1 of PP-1 of PP-2 of PP-2

D, D, D; D, SYNTHESIS Dy

d; - Partial d, - Partial di - Partial
Conclusion Conclusion Conclusion

Nr. 1 (PC-1) Nr. 2 (PC-2) Nr. k (PC-k)

E, E, RECONSTRUCTION Ex

A 4

e - Total Solution of Complex Problem "a" formed
by means of PC-1, PC-2, ...., PC-k

A

Fig. 1: General model of analytical-synthetic (cognitive) structure
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Analytical-synthetic modeling of the cognitive structure of chemistry

Objective reality existing abstractedly from our consciousness and its reflection in philosophical categories

.

Portraying and copying the substance as an objective reality

Philosophic-socioscientific attitudes to Philosophic- natural-scientific
the objective reality attitudes to the objective reality
| Researched social objects and their Researched natural objects and their | 4
g attribute attributes
Separating socioscientific branches and Separating natural scientific branches
»| stating their methods and objects of and stating their methods and objects of |«
searching searching
Methodological concept of searching Methodological concept of searching
socioscientific branches natural scientific branches
Application concept of searching Application concept of searching
socioscientific branches natural scientific branches
Integration concept of searching Integration concept of searching |
socioscientific branches natural scientific branches
Communication concept of searching Communication concept of searching
socioscientific branches natural scientific branches ]
Horizontal connection of each concept Horizontal connection of each concept of
— of searching searching ]
Vertical connection of each concept of Vertical connection of each concept of
> searching searching nl
\ 4

Modern scientific notional — empiric system as a representation and interpretation of a reflection o the
existing universe and entity

Fig. 2.1: From a substance as a basic philosophical category to classing the post
of Chemistry as a concrete science with the system of other sciences*
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Modern scientific notional — empiric system as a representation and interpretation of a reflection of

A 4

A 4

Reflection of the existing universe in applied
humanities (H)

Reflection of the existing universe in
applied science (Sc)

_’

Empiric (visual) paradigm of concepts in H

>

Empiric (visual) paradigm of concepts in Sc

—D>

Imagination (iconic) paradigm of concepts in H

|

Imagination (iconic) paradigm of concepts in Sc

Symbolic paradigm of concepts in H

>

Symbolic paradigm of concepts in Sc

Formal paradigm of concepts in H

Formal paradigm of concepts in Sc

\ 4

Didactic bridging, interpretation and communication

of concrete humanities

Didactic bridging, interpretation and communication

of concrete sciences

\4

v

Structure of humanity education science
(mother tongue, languages, humanities,
philosophies, history, etc.)

Structure of natural scientific education science
(mathematics, physics, chemistry, biology,
geography, etc.)

A

Socioscientific school curriculum and its
interaction with natural science curriculum

Phase and transformation of didactic
communication in connection with concrete
forms of curricula (conceptual, project,
realization, result, effect)

A 4

Natural science curriculum and its interaction
with socioscientific curriculum

Phase and transformation of didactic
communication in connection with concrete
forms of curricula (conceptual, project,
realization, result, effect)

Structure of education science — national curriculum and its bindings to endogenic and
exogenous aspects of educational process

Fig. 2.2: From a substance as a basic philosophical category to classing the post
of Chemistry as a concrete science with the system of other sciences*
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Chemistry as one of the natural sciences

v v

Investigated natural objects Characteristics of investigated natural objects
(chemical elements) (chemical substances)
v v v v
Classification of Classification of the Inner properties of External conditions,
the chemical chemical substances substances as a result involving existence of
substance according to the distribution | of the chemical substances in system
according to the | |in the branches of chemistry structure
origin l l
Natural Inorganic substances |« Pvsical and Chermical adductin
substances - ysical an ' uct!
™ (inorganicand [ ] || Organic substances i« | chemical properties of| | system of chemical
organic) Substances important for substances substances
biochemistry and ¢
: toxicology
> Sﬁggtt;ﬁggs « [Substances important for|q | v v
analytical chemistry Reactivity, structure a chemical properties
- in systems as a list of inner characteristics and
Origin of the Substances important for outer conditions
substances ¢ nuclear che_mlstry <«
(radioactive)
L {Substances important for Normal conditions as Stable parameters
physical chemistry [+ stable parameters (the | | changing (the way of
way of change change of stable
Substances important for of reaction conditions parameters as
chemical technologies 1 as a parameter energy exchange
of establishing of reaction systems
of dynamic chemical with environment
Interfaces among equilibrium)
—»  substances through
— v _ fundamental chemistry
Investigated chemical (bond interaction, bond
substances in system of and dissociation energy,
chemical branches, their reactions chemistry) v v
. nomenplaturg, Chemical reactions from the point of view of
interactions with physical chemistry (thermodynamic standpoint and

biological object chemical kinetics)

The subject of investigation of chemistry as a concrete natural science: chemistry studies conversions of
substances on their structural level (atoms and molecules), that means chemical reactions and phenomena,
that go along with these conversions (energy exchange between the reaction system and its environment,
changes of the systems properties caused with chemical reactions)

Fig. 3: From the chemistry as a natural science to the identification of the subject
of matter investigated with the chemistry as a concrete natural science*
Structure of the Fig. 3 was published before now, but in this framework that is the
representation of the reference to the analytical-synthetic model of chemistry.
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Zarazeni chemie do védeckého systému — odraz v kurikularnich
dokumentech

Objektivni realita existujici nezavisle na naSem védomi a jeji odraz ve filosofickych kategoriich

.

Zobrazovani a kopirovani hmoty jako objektivni reality

Filosoficko - spole¢enskovédni Filosoficko — pfirodovédné pfistupy
pfistupy k objektivni realité k objektivni realité
-~ Zkoumané spoleCenské objekty Zkoumané prirodni objekty a jejich | 4
" a jejich atributy atributy
Viy¢lenéni spolecenskovédnich obor( Vy¢lenéni pfirodovédnych oborl
»|a stanoveni jejich metod a cilli zkoumani a stanoveni jejich metod a ciltl zkoumani
Metodologické pojeti zkoumani Metodologické pojeti zkoumani
spolecenskovédnich oborl pfirodovédnych obor(
Aplika€ni pojeti zkoumani Aplikacni pojeti zkoumani
spole¢enskovédnich oborl pfirodovédnych oborl
Integraéni pojeti zkoumani Integracni pojeti zkoumani -
spolecenskovédnich oborl pfirodovédnych obord
B Komunikaéni pojeti zkoumani Komunikaéni pojeti zkoumani ]
— spoledenskovédnich obort spolecenskovédnich obor —
Horizontalni propojeni jednotlivych pojeti Horizontalni propojeni jednotlivych pojeti
g zkoumani zkoumani +
Vertikalni propojeni jednotlivych pojeti Vertikalni propojenti jednotlivych pojeti
> zkoumani zkoumani "'
\4 A\ 4
Moderni védecky pojmové poznatkovy systém jako reprezentace a interpretace odrazu existujiciho kosmu
ajsoucna

Obr. 2.1: Od hmoty jako zakladni filosofické kategorie k vymezeni pozice chemie
jako konkrétni prirodni védy v systému ostatnich véd
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Moderni védecky pojmové poznatkovy systém jako reprezentace a interpretace odrazu existujicino kosmu
ajsoucna

A 4

\ 4

Odraz existujiciho vesmiru v aplikovanych
humanitnich védach (HV)

Odraz existujiciho vesmiru v aplikovanych
pfirodnich védach (PV)

Empiricka (obrazova) troven pojm0 v HV

Empiricka (obrazova) urover pojmd v PV

Imaginacni (ikonicka) troven pojm0 v HV

Imaginacni (ikonicka) Uroveri pojma v PV

Symbolicka uroveri pojmi v HV

Symbolicka troven pojmi v PV

Formalni Groveri pojmu v HV

Formalni troved pojmd v PV

Didaktické pfemosténi, interpretace a komunikace

konkrétnich humanitnich obord

Didaktické pfemosténi, interpretace a komunikace

konkrétnich pfirodovédnych oborl

A\ 4

v

Struktura humanitni edukacni védy (matefsky
jazyk a cizi jazyky, spole¢enské védy,
filosofické védy, historie, apod.)

Struktura pfirodovédné edukacni védy
(matematika, fyzika, chemie, biologie,
geografie, apod.)

A

A 4

Spolecenskovédni Skolni kurikulum a jeho
interakce s pfirodovédnym kurikulem

Pirodovédné Skolni kurikulum a jeho interakce
se spoleéenskovédnim kurikulem

Faze a transformace didaktické komunikace ve
vazbé na konkrétni formy kurikula (koncepc¢ni,
projektova, realiza€ni, rezultatova, efektovd)

Faze a transformace didaktické komunikace ve
vazbé na konkrétni formy kurikula (koncep¢ni,
projektova, realizaéni, rezultatova, efektova)

Struktura edukacni védy — narodni kurikulum a jeho vazby na endogenni
a exogenni stranku edukacniho procesu

Obr. 2.2: Od hmoty jako zakladni filosofické kategorie k vymezeni pozice chemie

jako konkrétni prirodni védy v systému ostatnich véd
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Chemie jako jedna z pfirodnich véd

v

v

Zkoumané pfirodni objekty
(chemické prvky)

Zkoumané vlastnosti pfirodnich objekt
(chemickych latek)

v

v

v

v

Klasifikace latek
podle plvodu

Klasifikace latek podle jejich
zastoupeni v jednotlivych
chem. disciplinach

Prirodni latky
anorganické,

organické

»| Syntetické latky

‘_
Pdvod
chemickych e
slouéenin

\ 4

Zkoumané chemické
slouceniny v systému

Nezavis|é vnitfni
vlastnosti latek jako
odraz jejich dané
struktury

Vnéjsi podminky,
ovliviiujici chovéni latek
v soustavach

Anorganickeé latky

4_
Organicke latky il
Biochemicky vyznamné
latky
Analyticky vyznamné
latky ]
Latky vyznamné pro
jadernou chemii —
radioaktivni)
4_
Latky ve fyzikalni
vyznamné latky !

(chemické technologie)

chemickych disciplin, [*
jejich nomenklatura
(nazvoslovi)

Vzajemné vztahy latek
prostfednictvim obecné
chemie (vazebné
interakce, vazebné a
disocia€ni energie,
chemismy reakci)

l

l

Fyzikélni a chemické
vlastnosti latek

Chemicka slouéenina
v systému chemickych
latek

A\ 4

A 4

Reaktivita, struktura a vlastnosti latek
v soustavach jako souhrn vnitfnich vlastnosti
a vnéjSich podminek

Normalni podminky
jako ustalené
parametry (zplisob
zmény reakcnich
podminek jako
parametr ustaveni
dynamické rovnovahy
v chemickych
soustavach)

Stavové parametry
se méni (zplsob
zmény stavovych

parametr(i jako
vyména energie
reakcnich soustav
s okolim)

A 4

\ 4

Chemickeé reakce z hlediska chemické kinetiky
a z hlediska termodynamického)

Pfedmét zkoumani chemie jako konkrétni pfirodni védy: chemie studuje pfemény latek na drovni jejich
strukturnich ¢astic (atom0 a molekul), tj. chemické reakce a jevy, které tyto pfemény doprovazeji (vymény
energie mezi reagujici soustavou a jejim okolim, zmény vlastnosti soustav zplisobené chemickymi reakcemi)

Obr. 3: Od chemie jako prirodni védy k vymezeni predmétu zkoumaného chemii jako
konkrétni prirodni védou
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Abstract

This paper introduced a new idea of the variant form of curricular process from the point of view of its
participants. We considered the case of information donor, acceptor and “creator”, researcher. Thus we created
two conceptions of curricular process: first the curricular process in education, and the curricular process in
research. We also found out that the form of the curricular process is different in the case of each participant.
There are three models described in the paper.

We start with the idea that the information itself is the main designer of curricular process. Thus the
information is the changing object inside the curricular process.

Key words

Curricular process, educational communication, curricular process in research, variant forms of curriculum,
information run, curricular process designers.

1. Uvod

Tato kapitola se pokusi predstavit myslenku relativnosti podoby kurikuldrniho procesu z riznych
pohledi. Je ziejmé, Ze kurikularni proces probiha podle jasnych pravidel. Ale je toto tvrzeni absolutni
ve vSech piipadech? Vratme se nyni ke kapitole ,,Kurikularni proces fyziky“, ktera predstavuje jeho
podobu pro vzdélavani v oboru fyziky. Zde je podrobné popsana také analyza, pomoci které jsme se
dostali k podobé kurikularniho procesu fyziky. V zavéru kapitoly je také polozena otazka, zda je
mozné jej aplikovat i do jinych oborti. Bylo navrzeno nékolik oborti, které by podle analyzy mohli byt
vhodnymi objekty pro aplikaci kurikularniho procesu. Odpovéd’ na tuto otazku je jednoducha: ,,Ano,
mozné to je*. Mame tedy vymezena pravidla pro podobu kurikularniho procesu napt. ve fyzice, chemii
nebo matematice. A jak se zda, tato pravidla jsou spravna. Podoba kurikularniho procesu je logicky
strukturovana a jednotlivé variantni formy kurikuli na sebe ,,hladce* a logicky navazuji [1,2,3]. To je
velice uspokojivy vysledek prace.

Musime si vSak uvédomit jeden zakladni fakt. Timto faktem je to, ze kurikularni proces by bez
jeho ucastniki viibec neexistoval. Jinak feCeno, ze kurikularni proces je nékomu urcen. Urcen je nejen
studentiim, ale také uditelim, tvliircim vzdélavacich materiali (ucebnic, interaktivnich materialti
apod.), ale také odbornikiim z praxe a vyzkumnym pracovnikim. VSichni tito lidé jsou pfimymi
ucastniky komplexu, ktery se nazyva kurikularni proces. Proto je nutné také definovat jednotlivé
variantni formy kurikuli a vytvofit tak podobu kurikuldrniho procesu z jejich pohledu. Vzhledem
k tomu, ze kazdy z téchto tcastnikii zacind ,,pracovat™ s kutikularnim procesem v jiném misté jeho
,»béhu®, je zfejmé, Ze nékteré variantni formy kurikuli se pon¢kud pozméni. Nebo jinak fe¢eno, budou
nastupovat v jinou dobu.

V této kapitole nejprve definujeme kurikularni proces a proces obecné. Tim se vratime nejen ke
kapitole ,,Kurikularni proces fyziky®“, ale také k nékterym ptedeSlym pracim, které se procesem
zabyvaly. Dale definujeme skupinu ucastnikti kurikularniho procesu, pro které bude jeho podoba
rozdilnd a na konec se ,,dotkneme* tématu aplikace a podoby kurikuldrniho procesu ve vyzkumu,
jelikoz vyzkumna prace a hlavné jeji vysledky jsou zasadnim mechanizmem obnovy informaci
v celém procesu vzdélavani.

2. Definice procesu a kurikularniho procesu

Nez se dostaneme k definici podoby a struktury kurikularniho procesu, musime nejprve pochopit
proces jako takovy a jeho fungovani. Predstavme si néjaky jednoduchy proces, se kterym se
setkavame v bézném zivoté. Pro ilustraci jsme vybrali proces vafeni Caje v rychlovarné konvici. Nyni
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se zamyslete nad tim, co do tohoto procesu vstupuje. Jednak je to voda, dale ¢aj a napf. hrnek.
Zameérn¢ vynechavame rychlovarnou konvici, elektfinu apod., jelikoz by pak tato predstava piestala
byt jednoduchou.

Tedy voda. Nejprve je ve stavu, kdy jako kazda kapalina kopiruje tvar nadoby, v nasem ptipadée
potrubi. Dejme tomu, Ze jeji teplota je zhruba 10°C. Kdyz budeme chtit vodu premistit do rychlovarné
konvice, otocime kohoutkem a vodu pomoci tlaku v potrubi nechame do konvice natéct. Tim zménime
jednak jeji tvar, ale také jeji teplotu (byt o zlomek stupné Celsia) a jeji rychlost. Dostali jsme se do
stavu, kdy je nas proces jiz v béhu. Pak konvici zapneme a vodu nechdme ohfivat. Tim také ménime
jeji stav. ZvySujeme jeji teplotu, ale také snizujeme jeji objem a ménime ¢ast jeji hmoty na skupenstvi
plynné. Kdyz voda dosdhne teploty varu, konvice se sama diky termostatu vypne, resp. prestane
odcerpavat elektrickou energii, kterou preméiiovala na teplo a to pak pfedavala vodé. Vodu
s pozadovanou teplotou pak nahnutim ptelijeme do pfipraveného hrnku. Tim zménime nejen jeji tvar,
ale také mnozstvi, které jsme piivodné méli v konvici (pokud nemame v hlavé odmérny valec), dale
jeji teplotu a hlavné jeji sloZeni (chemické). Tim bychom méli proces z pohledu vody ukonceny. Ale
tento proces se nesklada pouze ze zmény stavu vody (to by proces vaieni Caje nemohl existovat), ale
také ze zmény stavu napf. Caje.

Tedy ¢aj z krabi¢ky od vyrobce vyjmeme (pfedpokladame, Ze je ve varném sacku) a vlozime do
pripraveného hrnku, ktery ma pokojovou teplotu. Ménime stav ¢aje, jelikoz jsme zménili jeho polohu
a v prub¢hu pienaseni jeho rychlost. KdyzZ mame ukoncenou cast s vodou, tedy kdyz ma nase voda
pozadovanou teplotu, tak sacek s ¢ajem prelijeme vodou z konvice. Tim dojde ke zméné jeho teploty a
chemického slozeni, jelikoz cast latek obsazenych v ¢aji ,,pfechazi“ do vody. Opét zmena stavu.
S hrnkem je to obdobné. Také ménime jeho stav (teplota, velikost apod.).

Jak vidime na piikladu, proces neni ni¢im jinym nez zména stavil objektd v ném se nachazejicim
[5]. VySe zminény ptiklad je sice velmi trivialni a miZe nejednoho ¢tenafe mozna i urazit, nicméné je
to ilustrativni popis toho, co bychom mohli nazvat procesnim béhem. Uvédomime-li si, Ze proces tedy
neni ni¢im jinym nez zména stavu objektd v ném se nachazejicich, dospéjeme tedy k zavéru, ze i
kurikularni proces nemtze byt ni¢im jinym. Pro ilustraci je proces obecné znazornén v Obr. 1 [5].

Nyni se podivejme na kurikularni proces, jako sled variantnich forem kurikuli. Vracime se tim ke
kapitole ,,Kurikularni proces fyziky®“, ve kterém je kurikularni proces peclivé popsan. Schématicky
tedy mizeme kurikularni proces znazornit takto [2, 3]:

Scientific system — Conceptual curriculum — Intended curriculum — Projected curriculum and
Implemented curriculum 1 — Implemented curriculum 2 — Attained curriculum

Vyse zminéné znazornéni nam dava pravidla, jak by mél kurikularni proces probihat. Vratime-li se
vSak k tvrzeni, Ze proces je sled nebo chcete-li stfidani zmén stavli objektii, které se v procesu
nachazeji, vyvstava zde jedna otazka. Co je tim objektem, ktery se méni v prubéhu kurikularniho
procesu? Odpoved je jednoducha. Informace. Pravé informace, ktera je predmétem vzdélavani je tim
objektem, ktery se méni, resp. jehoz stav se méni. Chcete dikaz? Zde je. Kdyz informace ,,spatii
svétlo svéta®, je vysledkem vyzkumné prace a je jaksi neuspotfadana, a to z pohledu vzdélavani. Je
potieba ji upravit, aby byla sdé€litelna. Zde je prvni jeji zména. Poté je zabudovana do ucebnich textl a
tim preddna jednak uciteld, ale také v zakladni formé studentim. Poté je prostfednictvim vyukovych
metod predana studentim v rozsifené formé (doplnéné o piimy kontakt s ucitelem). Dal§i zménu
prodélava informace v mysli studenta, kdy si student utfiduje informaci a integruje ji do svého
mySleni pomoci svych vlastnich metod danych jeho duSevnimi moznostmi. Findlni zména stavu
informace nastupuje jeji aplikaci, resp. pii jejim pouziti studentem, ktery ji integroval do své mysli.
Vysledek této aplikace je zaroven ukazatelem efektivity a kvality kurikularniho procesu.

K osvézeni a zopakovani informaci o kurikularnim procesu Vas vratime zpét ke kapitole
»Kurikularni proces fyziky®, kde je tato problematika podrobné rozpracovana. Budeme se totiz dale
zabyvat jednotlivymi variantnimi formami kurikuli z pohledu jednotlivych tcastnik kurikularniho
procesu.
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a The characterization of the process — basic description of analyzed problem (process)
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Obr. 1. Obecny model procesu s pouzitim metodiky analyticko syntetického modelovani [5]

117




Educational & Didactic Communication 2008 — P. Prochédzka: Struktura kurikularniho procesu z pohledu jeho tcastnikil

3. Vymezeni skupiny ucéastnik kurikularniho procesu a jejich
pohled na néj

Jak jiz bylo feceno, kurikularni proces by bez svych ucastnikli nemohl viibec existovat, jelikoz je
jim urcen. Toto tvrzeni je sice velice odvazné, nicméné pravdivé. Predstavme si, Ze mate informaci,
kterou potfebujete predat, ale neexistuje nikdo, kdo by ji byl schopen piijmout. V takovém piipad¢ je
informace bezcennd, alesponn z pohledu spole¢nosti. Zde bych rad ptipomnél vyznam pojmu
educational communication. Je to velice dilezity pojem z hlediska komunikace. Pokud neni piijemce
informace, kterd ma byt pfedmétem komunikace, pak zadna komunikace neni. Tento problém ma vsak
i dalsi dimenzi. Tou je praveé informace sama. Pokud totiz neni co pfedavat (komunikovat), neexistuje
ani educational communication ani kurikularni proces. Proto je dilezité stanovit podminky, za kterych
bude kurikularni proces existovat a bude ,,bézet*“. Podminka ¢islo jedna je existence informace, ktera
ma byt predana. Podminka cislo dva je existence jednak donora (darce) informace, v nasem pfipadé
ucitele, a akceptora (pfijemce) informace, zde studenta. Bez splnéni tohoto nemtize byt kurikularni
proces viibec ,,zivotaschopny*.

Zamysleme se nyni nad podobou kurikularniho procesu v piipadé donora a akceptora informace.

3.1 Edukaéni kurikularni proces

Donor informace a jeho pozice v kurikularnim procesu

Rekli jsme, Ze donorem informace je uditel. Ani toto vSak neni absolutni. Donorem informace
muze byt nejen ucitel, ale také vyzkumny pracovnik, ktery s informaci ,,pfisel®, dale sami studenti,
pokud se uci jeden od druhého, ale také my vSichni, ktefi jsme nékdy napft. ucili své dit¢ chodit, mluvit,
Cistit si zuby apod. Kazdy z nas si v zivote ,,rozhybal“ svij maly kurikularni proces. Ale vratme se
vSak nyni k uciteli. Ten, pokud ma informaci ptfedavat studentiim, musi si ji také néjakym zplisobem
osvojit. Tim se stavd akceptorem informace a dostava se na troven piijemce informace v zakladni
formé (tedy zucebnic) nebo rozsifené formé (tedy z vlastnich zkuSenosti). Podivejme se nyni na
schéma na Obr. 2., kde je znazornén v prvni linii kurikularni proces definovany v piedchozi kapitole a
v linii druhé névaznost s ¢asti kurikuldrniho procesu pro donora.

L |—>|2|—>|3 |—>|4| — "5 |—*>|6

la |/ > |2a |—>|3a |—>| 4a

Obr. 2. Znazornéni prubeéhu kurikularniho procesu pro donora informace: (1) Scientific system, (2)
Conceptual curriculum, (3) Intended curriculum, (4) Projected curriculum and Implemented
curriculum 1, (5) Implemented curriculum 2, (6) Attained curriculum, (1a) Conceptual curriculum for
donor, (2a) Intended curriculum for donor, (3a) Implemented curriculum 2 for donor, (4a) Attained
curriculum for donor.

Po prostudovani Obr. 2. zjistime, Ze pro donora informace upln€¢ vypadl Scientific system
a Projected curriculum and Implemented curriculum 1. Pokud povazujeme za donora informace pouze
ucitele, ktery nema nic spolecného s vyzkumem (cozZ se vSak netyka vysokoskolskych pedagogii), je
pro nas Scientific system naprosto zbyte¢ny, jelikoz uéitel dostava informace jiz uttidéné. Sam si je
vsak potiebuje také utfidit, jinak feCeno ptizptsobit je vlastnimu mysleni. To je v naSem ptipad¢ (1a)
na Obr. 2. tzv. Conceptual curriculum for donor. Poté si vstiebané informace pfipravi pro vyuku
pomoci vytvoieni osnov nebo zakladnich uc¢ebnich pland a textl. Tim se dostava na (2a) na Obr. 2.,
tzv. Intended curriculum for donor. Takto predpfipravené a vstiebané informace poté podrobi
vlastnimu ,testovani napt. formou opakovani nebo cvicenimi, aby je v mysli co nejpevnéji ukotvil

118



Educational & Didactic Communication 2008 — P. Prochédzka: Struktura kurikularniho procesu z pohledu jeho tcastnikil

a m¢l je tak pripravené pro vyuku. Proces pokracuje na (3a) na Obr. 2., tzv. Implemented curriculum 2.
Zamérn¢ nam zde vypadlo Projected and Implemented curriculum 1, jelikoz to je presné faze, kdy
probihd vyukovy projekt a on je jeho pfimym aktérem, donorem informace. Kdyz si vstfebané
informace peclive ,,otestuje*, miize je ted’ pfimo aplikovat, tj. (4a) na Obr. 2., tzv. Attained curriculum
for donor. Tato aplikace se tyka pfimo vyuky, tzn. on sam se vraci do kurikularniho procesu do faze
Projected curriculum and Implemented curriclum 1, tj. (4) na Obr. 2. Tato podoba kurikularniho
procesu vSak neplati v pfipadé ,,vychovy* nového ucitele, resp. v ptfipadé jeho vzdélavani na
pedagogickych fakultach. Pak je platna podoba ptivodni podoba kurikuldrniho procesu.

Akceptor informace a jeho pozice v kurikul&rnim procesu

Akceptorem, neboli pfijemce informace miize byt naprosto kdokoliv, kdo je ,,vystaven® jejimu
pfijmu. V piedchozi podkapitole jsme si fekli, Ze i donor, neboli poskytovatel informace mtze byt za
jistych okolnosti i jejim piijemcem. Tyto okolnosti jsou naprosto jasné. Kdykoliv, kdy se s informaci
seznami, napf. z knihy nebo ucebnice, stdva se jejim piijemcem. Tedy piijemcem informace jsme
naprosto v§ichni, a to bez vyjimky.

Zabyvejme se vSak studentem a jeho pozici v kurikularnim procesu, nebot’ ten spolecné s ucitelem
kurikularniho procesu zméni. Stejné tomu bude v piipadé¢ akceptora informace, v nasem piipade
studenta. Podoba bude vSak naprosto odlisna. Na Obr. 3. miizete podobu kurikularniho procesu
z pohledu studenta sledovat.

L |— |2 |—>|3 |—>|4 15 |—>]|6

la |/ |22 |—>|3a |—>| 4a

Obr. 3. Znazoméni prubehu kurikularniho procesu pro akceptora informace: (1) Scientific system,
(2) Conceptual curriculum, (3) Intended curriculum, (4) Projected curriculum and Implemented
curriculum 1, (5) Implemented curriculum 2, (6) Attained curriculum, (1a) Conceptual curriculum for
acceptor, (2a) Intended curriculum for acceptor, (3a) Implemented curriculum 2 for acceptor, (4a)
Attained curriculum for acceptor.

Z obrazku je patrné, ze podoba kurikularniho procesu je jak pro donora, tak i pro akceptora
informace naprosto stejnd, nicmén¢ kazdd zforem nastupuje vjinou dobu. Je to dano pozici
jednotlivych ucastnikli v systému. Zda se, ze donor informace je hierarchicky nadfazen akceptorovi, a
také tomu tak je, identifikujeme-li donora jako uclitele a akceptora jako studenta. Musime si vSak
uvédomit jednu zakladni skutecnost. Totiz, Ze i donor je pied tim, nez se donorem stane, nejprve
akceptorem. Proto je podoba kurikularniho procesu, respektive jeji ¢ast nebo forma pro oba stejna.
pojmu donor.

Podivejme se nyni zpét na Obr. 3. a popiSme si jej. Student se s informaci setka prostiednictvim (4)
na Obr. 3., a to Projected and Implemented curriculum 1. Poté si tuto informaci musi sam utfidit, tak si
sam vytvari (1a), totiz Conceptual curriculum for acceptor. (2a) na Obr. 3. znaci Intended curriculum
for acceptor, coz v naSem piipadé znamena, Ze si akceptor informaci zapisuje a vytvaii si tak svij
vlastni interni vyukovy material. Poté, co jej ma utiidény a zapsany, mulze nastat faze
»testovani® informace, nebo respektive pevnosti jeji vazby v jeho mysli. Student tak postupuje na (3a),
tj. Implemented curriculum 2 for acceptor. Svymi vlastnimi metodami si informaci ,,otestuje” a upevni
jeji vazby ve své mysli. Pokud toto zvladne, da se proces povazovat za téméf ukonceny. Zbyva uz jen
informaci pouzit, ¢imz se dostava na (4a), tedy Attained curriculum for acceptor. Nyni je jeho verze
kurikularniho procesu u konce.
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Z obrazku je patrné, ze pavodni koncepce kurikularniho procesu je po Projected curriculum and
Implemented curriculum 1 nedostacujici. Vytvorili jsme pro ilustraci jakousi smycku, pomoci které
n¢j pohlizet jako na ,;maly* a samostatny kurikuldrni proces (z hlediska koncepce kurikularniho
procesu). Rad bych zde pripomnél, Ze pokud by tato koncepce nebyla vytvoiena, nemohli bychom nas
»~maly“kurikularni proces pro integraci informace v mysli studenta viibec vytvofit.

3.2 Kurikularni proces ve vyzkumu

Vyzkumny pracovnik a jeho pozce v kurikularnim procesu

Definovali jsme si podobu kurikularniho procesu pro ucitele a studenta. Ale co vyzkumny
pracovnik? Jaky je jeho vyznam v kurikularnim procesu? Do skupiny vyzkumnych pracovnikt také
patii vétsina vysokoskolskych pedagogt. VétSina z nich totiz musi projit procesem kvalifikace. Ten
zahrnuje nejen doktorandské studium, ale také veskera postgradudlni studia a kvalifikace. Pro ziskani
titulu docent nebo profesor je v soucasnosti nutné vyvijet aktivni védecko vyzkumnou cinnost.
Vyzkumny pracovnik musi pracovat nejen s informacemi jiz danymi, ale také s informacemi naprosto
je tim mechanizmem, ktery do kurikularniho procesu piinasi nové informace.

Zamysleme se nyni nad tim, jak védecka prace, nebo chcete-li vyzkumny projekt probiha.
Predstavte si nyni, Ze dostanete vyzkumny ukol. Nejprve si musite udélat resersi znamych informaci.
Vzhledem ktomu, ze ma byt vysledek této prace inovativni, nemlzete vychazet pouze jiz
z aplikovanych vysledkli jinych autorii. Musite se také orientovat v teoretické strance dané véci.
Vychéazite nejen z Attained curriculum toho oboru, ale zaroven ze Scientific system tohoto oboru.
Uvedeme ptiklad. Pfedstavte si, Ze jste dostali za tikol vyzkoumat, zda urcity material vydrzi teplotu
200°C. Vite, ze jiz ptedchozi autofi zjistili, Ze tento material snese teplotu 150°C. To je pravé Attained
curriculum, ovSem né€koho jiného. Ale zaroven musite zjistit, zda chemické slozeni materialu a
technické parametry jsou schopné stanovenou teplotu zvladnout. Nyni pracujete se Scientific system,
v naSem piipadé materialového inZzenyrstvi. Vase reSerSe se sklada z informaci, ziskanych z téchto
dvou systému. Pokud jste ji dokondili, vytvofili jste si Conceptual curriculum. Nyni vyvstava otazka,
jak bude kurikuldrni proces pokracovat. Kdyz jste zjistili, Ze pokus je mozné provést, musite vytvofit a
naplanovat metodu, kterou pti ném pouzijete. Zde bych rad piipomnél, Ze stale pracujeme s informaci,
proto je pojem curriculum stale aktualni, byt ji zatim nikomu nepfedavame. Tedy naplanovana a
realizovana metoda je ,,ztélesnénim* Projected and Implemented curriculum 1. Zde mi dovolte vlastni
oznacCeni. Vzhledem k tomu, ze jde o metodickou cast, nazval jsem jej Methodological curriculum.
Nejde sice o vyuku studenta, ale akceptorem informace jste v tomto piipadé Vy. Sami se ucite.

Piejdéme nyni dal. Ziskali jste vysledky ze své prace. Ale ty samy o sob¢€ jsou naprosto bezcenné,
pokud neprojdou zpracovanim. Zde nastupuje Implemented curriculum 2. K takovému zpracovani
potfebujete metody matematiky a hlavné statistiky. Proto jsem si i zde dovolil vlastni oznaceni: Result
curriculum.

Pokud ziskate vysledky, které jsou relevantni, ziskali jste tim i nové Attained curriculum. Pokud
se Vam podafi vytvofit zn¢j sdélitelnou informaci, dostdvate se pies Conceptual curriculum
k Intended curriculum (ucebnice, védecky ¢lanek, skripta apod.), ¢imz vlastné obohacujete Scientific
system, v naSem ptipadé materidlového inzenyrstvi. Pro ilustraci je cely proces znazornén na Obr. 4.
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Obr. 4. Znazornéni kurikularniho procesu v ramci vyzkumu: (1) Scientific system oboru, (2)
Attained curriculum dané informace pied vyzkumem, (3) Conceptual curriculum — reSerSe, (4)
Methodological curriculum — pldnovana a realizovand metoda vyzkumu, (5) Result curriculum —
zpracovani vysledki vyzkumu, (6) Attained curriculum informace zvysledkli vyzkumu, (7)
Conceptual curriculum — sdélitelna informace ze zpracovanych vysledkd vyzkumu, (8 — la)
Obohaceny Scientific system daného oboru.

Jak je z vykladu patrné, uplné zde bylo eliminovano Intended curriculum. Je to proto, Ze zde hraje
jen malou roli a castecné splyva s Methodological curriculum. Pokud je v piipadé vyzkumného
pracovnika vysokoskolsky pedagog, potom vychazi jiz z obohaceného Scientific system a pokracuje
v kurikularnim procesu podle pravidel.

4. 7.avér

V této kapitole jsme si ukazali podobu kurikularniho procesu ze tfi pohledd. Je tedy ziejmé, ze
existuji minimalné tfi ,,designéti” kurikularniho procesu [6]. Jsou jimi donor informace (v nasSem
pripadé ucitel), akceptor informace (student) a vyzkumny pracovnik. Pokud bychom kurikularni
proces podrobili dalsi analyze, jisté bychom nasli i dalsi jeho ,,designéry*.

Musime si vSak uvédomit jeden fakt, a to je ten, ze uvnitf kurikularniho procesu se pohybuje
informace, ktera se v jeho prubéhu méni a dostava tak finalni podobu az na jeho konci. Tato podoba
musi byt vzdy zaddana. Proto je nutné kurikularni proces dostatecnym zpiisobem sledovat a kontrolovat
vSechny jeho dil¢i vstupy a vystupy.

Jak vyplyva z naseho pojednani, podoba kurikularniho procesu, jak byla navrzena v kapitole
»~Kurikularni proces fyziky“, bude platna pouze pro nezucastnéné¢ho pozorovatele a informace samotné.
Pro jakéhokoliv zii¢astnéného aktéra procesu se bude jeho podoba ménit.
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PredbéZna recenze

Prispévek autora navrhuji pfejmenovat — misto nazvu ,,Kurikularni proces a jeho variantni
podoba® pouzit nazev ,,Struktura kurikularniho procesu z pohledu jeho tcastniki (aktéra).

Autor ptinasi n€kolik novych pohledt na kurikularni proces obecné i na kurikularni proces fyziky
zvlast. V ptivodnich pracich P.Zaskodného je ,,objektem* kurikularniho procesu® transformacné se
ménici variantni formy existence obsahu vzdélavani. Z hlediska vychodiskové teorie, na kterou prace
P.ZaSkodného navazaly (teorie didaktické nebo Ilépe vzdé€lavaci komunikace v pojeti J.
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Brockmeyerové a P. Tarabka), je tento ménici se obsah vzd€lavani pfenosem specialni informace
utvarené a zprosttedkované v pribéhu edukaéniho procesu.

P. Prochazka pfinaSi dva nové pohledy — pohled ,donora informace (vétSinou ucitele)*
a ,,akceptora informace (adresata edukace, vétSinou studenta nebo zaka)“ v ramci edukacniho procesu
a pohled ,,vyzkumného pracovnika (napf. vysokoskolského pedagoga, at’ jiz v rdmci vysokoskolské
edukace nebo v ramci jeho vlastniho vyzkumu)“.

Pohled ,,donora a akceptora informace* je v pojeti P.Prochazky spojen s pfenosem specialni
informace utvafené a zprostiedkované v pribéhu edukac¢niho procesu. Pohled ,,vyzkumného
pracovnika“ je v pojeti P. Prochazky spojen s pfenosem nové objevované informace, ktera je posléze
také zprostiedkovavana zajemctim o védni obor, v jehoz ramci informace vznika.

Podle minéni recenzenta maji ,,specialni informace zprostiedkovavana edukacnim procesem
vramci vzdélavaci komunikace* a ,nové objevovana informace zprostfedkovavana vyzkumnym
procesem v ramci védecké komunikace odlisnou kvalita z hlediska ptivodnich praci P. Zaskodného o
kurikularnim procesu (védecky systém, konceptudlni kurikulum jako sdélitelny védecky systém,
zamysSlené kurikulum jako vzdélavaci systém, projektové kurikulum a implementované kurikulum-1
jako vyukovy projekt, implementované kurikulum-2 jako dosazené vysledky edukace, dosazené
kurikulum jako aplikovatelné vysledky edukace).

»opecidlni  informace  zprostiedkovdvana edukacnim  procesem  vramci  vzdélavaci
komunikace® rozviji strukturu kurikularniho procesu o dvé podstruktury — podstrukturu ,,donora
informace* a podstrukturu ,,akceptora informace® (viz obr.1 a obr.2 ptispévku P. Prochazky). ,,Nove
objevovana  informace  zprostfedkovavand  vyzkumnym = procesem = vramci  védecké
komunikace* pfinasi podle minéni recenzenta novou kvalitativni podobu kurikularniho procesu — tato
nova kvalitativni podoba je podle obr.3 spojena pfedevsim se zavedenim metodologického kurikula
(které do jisté miry rezonuje podle P.Prochazky s ,,Projektovym kurikulem a Implementovanym
kurikulem-1“ eduka¢niho kurikularniho procesu) a ,,Statistického kurikula® (které do jisté miry
rezonuje podle P.Prochazky s ,,Implementovanym kurikulem-2 edukac¢niho kurikularniho procesu).

Jak 1ze v ptipadé ,Specialni informace zprostfedkovavand edukacnim procesem v ramci
vzdélavaci komunikace™ hovofit o ,,edukacnim kurikuldrnim procesu®, pak nova kvalita v piipadé
»Nové objevovana informace zprostiedkovavana vyzkumnym procesem vramci védecké
komunikace* vede podle minéni recenzenta k potfebé pouzivat termin ,,vyzkumny kurikuldrni proces*.

Dalsim novym piinosem P. Prochazky je charakterizovani kurikuldrniho procesu jako
posloupnosti ménicich se stavil, které by pii ukonceni dil¢i transformace mély mit charakter stavu
rovnovazného. S timto nazorem recenzent souhlasi. Odtud vyplyva také potieba zkoumat kurikularni
proces zpohledu jednotlivych ,designeri” kurikula (minimalné zpohledu tvlrce kurikularnich
dokumentti, edukatora a edukanta a z pohledu nové¢ zavedenych podstruktur dopliujicich strukturu
edukacniho kurikularniho procesu). Vyzkumny kurikularni proces by mél byt podstoupen asi
rozsahlejsi strukturalni analyze — recenzent si neni jist, zda nazev ,,statistické kurikulum* dostatecné
vystihuje obdobu ,,implementovaného kurikula-2*“ (zpracovani vysledki vyzkumu je spojeno
s pouzitim §ir§i §kaly metod zpracovani nez jen s metodami statistickymi).

Autora je nutno vyzvat k jazykovému propracovani textu piispévka (libiveéjsi a stylisticky
elegantnéjsi CeStina by neuskodila) a k uplngjsi citaci literatury. Rovnéz lze autora podpofit v jeho
snaze vytvorit pokra¢ovani — Quality management in education. Toto pokracovani by mohlo umoznit
parametrizaci jednotlivych rovnovaznych stavt jako vysledki transformaci variantnich forem kurikula
z pohledu ucastnikl kurikularniho procesu i z pohledu ,,designerti** kurikula.

V Ceskych Budgjovicich, 1.11.2008 P. Zaskodny

Poznamka editora:

Prispévek zacina fesit jeden z nedostatkli koncepce kurikuldrniho procesu, jenz byla prezentovana
na konferenci ,,Kurikulum a ucebnice z pohledu pedagogického vyzkumu* organizované Centrem
pedagogického vyzkumu (Pedagogicka Fakulta, Masarykova Universita) v Brné¢ ve dnech 25.- 26.
cervna 2008. Na této konferenci byla vznesena kritickd pfipominka k faktu, ze faze kurikularniho
procesu nepostihuji vSechny formy, typy, roviny kurikula, jak jsou prezentovany v odborné literatufe.
Z tohoto pohledu je pfispévek ptinosem, jez koncepci kurikularniho procesu dopliiuje o nékteré dalsi
formy kurikula.
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Abstract

Applying quantitative analysis, this paper examines the relationship between altruistic motivation, emotional empa-
thy, and affiliation in female university students majoring in Social Work studies. As our research indicates, the
examined variables interact in reciprocal relations: while high levels of altruistic motivation may be accompanied by
either a high level of emotional empathy and affiliation, or mutually inverse levels of both variables, low levels of
altruistic behaviour appear to be connected only with low levels of emotional empathy and affiliation.
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I ntroduction

As opposed to the existing Anglo-Saxon research, altruistic behaviour, which belongs to the category
of prosocial behaviour, has been largely absent from the research scope of domestic psychological litera-
ture. A similar trend appears to affect also the research categories of empathy and affiliation.

This paper offers an exclusive examination of empirical relations among the concepts of altruistic
motivation, emotional empathy, and affiliation, as demonstrated by female students majoring in Social
Work - a profession that as its primary prerequisite calls for committed and selfless will to help others.

Prosocial Behaviour and Other Related Concepts

According to S. Penrod (1983), who historically places the origin of the term ‘prosocial behaviour’
into the 1960s, the notion was generally used to define so-called culturally desirable forms of behaviour
such as initiatory rituals, parental punishments, and other forms of prosocial aggression that certain cul-
tures viewed as beneficial with the support of a particular intention. Only much later, the term prosocial
behaviour began to be associated with positive and socially responsible forms of behaviour, which schol-
ars at present identify as opposite to antisocial behaviour.

In the scope of contemporary sociology, the term prosocial behaviour is applied as a rather vague
term and is often wrongly confused with other concepts. For the purposes of our scientific inquiry, we
shall adopt H. W. Bierhof’s (1990) definition of the term', which characterizes prosocial behaviour as an
intention of a subject to benefit another person and her simultaneous ability to exercise freedom of choice.
Within this framework, the term can be further narrowed to describe a subject’s behaviour motivated by
her free choice with the aim to benefit another person.

One of the first theoreticians of prosocial behaviour, L. G. Wispé (1972), maintained that the concept
needed to be examined from the perspective of the following socially positive forms:*

! Cited in Hewstone et al, 1996
% Cited in Zanden, 1987
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1. Sympathy (compassion): an action that expresses an individual’s interest or sharing of another
person’s pain, sorrow, and other unpleasant experiences;

2. Cooperation: a form of behaviour grounded in an ability and willingness of an individual to coop-
erate with others, and not always for their mutual benefit;

3. Donation: an action of presenting gifts or other contributions offered for charitable reasons;

4. Helping: a behaviour which demonstrates one’s support for others with the intention of assisting
them in gaining a particular object or achieving a specific goal;

5. Altruism: an action performed for the benefit of another individual without expecting any exter-
nal rewards.

Further contributing to the above methodological framework, G. Carlo and B.A. Randall (2002) contextu-
ally distinguish prosocial behaviour in terms of six types defined on the basis of the subject’s motivation:

1. Altruistic prosocial behaviour refers to a subject’s voluntary help that is primarily motivated by
her interest in another person’s needs and benefits, and that often originates in her sympathy and
other internalized moral norms or principles. Since the helping subject mainly concentrates on
the other person’s need, her action often results in incurring her own expenses or losses. Al-
though a number of theoreticians challenge the mere existence of altruistic behaviour, several
evidences are present that may support it. Amongst the most distinct pointers, scholars have been
highlighting the heredity of compassion and sympathy and their evolutionary adaptive function,
stability of human altruistic behaviour in the process of ontogenesis, and a significant link be-
tween certain personality variables and prosocial behaviour, which have been detected in differ-
ent contexts.

2. Compliance can be defined as a helping action motivated by an individual’s reaction to another’s
verbal or nonverbal appeal. This form of helping is present in society more frequently than the
spontaneous form. It also appears that a higher level of compliance relates not only to a higher
level of moral reasoning, which can be oriented at achieving some social recognition, but also to a
higher level of acceptance of different perspective and compassion.

3. Emotional prosocial behaviour is aimed at helping others in emotionally charged situational con-
ditions (i.e. a person’s painful injury). These situations can arouse sympathy in an observer, but
also a high level of anxiety and personal distress. Research shows that helping in emotionally
highly charged situations is strongly motivated by sympathy, which reflects the helping subject’s
tendency to focus on others rather than self, and also her high level of empathy.

4. Public prosocial behaviour is a public form of action that may be at least partially motivated by a
wish to receive acceptance and respect from others. Such public display of helping actions is
sometimes associated with motives related to the subject herself, e.g. a desire to gain prestige and
appreciation, behave in a socially acceptable manner, and present oneself in a positive way. This
form of helping is not necessarily associated with one’s feeling of compassion or accepting the
point of view of another person who is experiencing some form of need, and therefore cannot be
explained by a higher level of moral reasoning.

5. Anonymous prosocial behaviour is a helping action performed in the absence of the subject’s
knowledge of who will benefit from her deed. This form of conduct is largely motivated by posi-
tive feelings experienced in relation to the fact that a person made a good deed.

6. Prosocial behaviour in urgent situations refers to helping actions aimed at people who appear in
crisis or are experiencing an emotional distress (e.g. frustration or stress).

Modern psychological research has not yet completely classified all basic types of prosocial behaviour.
As apparent from the two categorization systems examined above, individual forms of prosocial behav-
iour cannot be viewed as contextually independent, rather must be seen as mutually interdependent. In
the next section, we shall examine in more detail the concept of altruism, which has been at the center of
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scholarly disputes over its mere existence; denied its importance by some scholars, while claimed to be an
independent form of prosocial behaviour by others.

Altruism and its M otivations

At present, the contention over what forms the substance of altruistic behaviour appears to reap rather
unclear results, as it is situated in the realm of interdisciplinary scientific inquiry, including research car-
ried out in the fields of psychology, sociology, biology, socio-biology, anthropology, philosophy, theol-
ogy, and pedagogy.

A large majority of scholars focusing their research on this subject defend a traditional view that al-
truistic behaviour is essentially impossible, as helping actions stem from naturally egoistic motivations of
any human conduct. However, there are others who passionately strive to deny this proposition and aim
to establish the possibility that true altruism exists, and that moreover it is not only connected to an in-
crease in others’ benefits, while gaining no profits and neglecting all own personal interests, but also to a
possibility of serious personal losses, or even a self-sacrifice.

One of the most pressing issues in terms of altruistic behaviour research seems to be how to define
the concept. Over the years, a number of scholars presented their definitions, including J. C. Wakefield
(1993), who suggested to differentiate between the notions of a so-called altruistic personality, which in
his view characterized personal traits showing a steady predisposition towards altruism, and altruistic
behaviour as such, which can be performed by any individual, even such who does not possess an altruis-
tic personality. In this sense, Wakefield delineates altruistic behaviour as a more fundamental notion, one
that can be defined both in terms of a certain form of behaviour and its motivations. When defined from
the perspective of a behavioural type, altruism represents an action that benefits others, and is performed
with the particular goal of achieving a beneficial result.

However, none of the above classifications appear to maintain a sufficient value, and display several
weak points. For instance, an individual’s altruistic behaviour can fail in terms of reaching a beneficial
result, when the helping subject does not know what is truly beneficial for the other person. Even the
action of helping itself cannot necessarily represent a decisive attribute of altruistic behaviour, as it can be
performed with the purpose of gaining own profit (for instance, a handout given to a homeless person
motivated by one’s fear of being attacked). Finally, helping can also be associated with forcible removing
of means from an individual who behaves in a self-destructive manner.

According to J. C. Wakefield (1993), the real decisive feature defining prosocial or altruistic behav-
iour is latent motivation aimed at a certain goal, i.e. helping another individual. Nevertheless, not even a
motive aimed at helping someone else needs to be necessarily altruistic, especially when it is primarily
focused on gaining a certain profit (e.g. commercial activities). Human behaviour can be viewed as altru-
istic, when a person’s motivation is to benefit the beneficiary, and when he/she is convinced that his/her
actions will result in certain costs that will ultimately outweigh any possible gains. From this point of
view, an individual who helps another person while focusing on gaining certain profit, but suffers some
losses in the process, does not act in an altruistic manner. On the contrary, actions which result in the
subject’s unintentional and unexpected, however real, profit, can be assessed as altruistic. Therefore, an
individual’s action can be viewed as altruistic only if her final motive stays purely altruistic.

In sum, for the purposes of this study, we shall define prosocial altruistic behaviour as a person’s
autonomous action motivated by her tendency to increase another individual’s benefit, without anticipat-
ing any rewards, profits, or benefits.

In the sphere of psychology, a number of motivational theories were developed that attempt to suc-
cessfully explain the causes of a human prosocial behaviour, both within the scope of the social-
psychological paradigm, which conceptualizes altruism as a behaviour acquired in the process of sociali-
zation, e.g. through social strengthening, imitation and identification, and the scope of biological-
psychological paradigm, which explains altruistic behaviour as a genetically determined and internal
mechanism shared by all human beings.
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Sigmund Freud’s classical psychoanalysis stems from hedonistic principles, represented by the view
that human behaviour is primarily motivated by a desire to gain pleasure and avoid unpleasant or stressful
experiences. Psychoanalysis treated altruism as a defense mechanism, or a reaction to suppressed egoistic
motives, and as such explained the notion as a reactive formation. According to C. Rycroft (1993), a
reactionary formation represents a defense process or mechanism, which copes with unacceptable im-
pulses by highlighting the opposite tendency. In some cases, an extreme altruism can turn into a defense
mechanism rooted in libido sublimation. Altruistic behaviour can also be brought about due to a person’s
identifying with another individual, through which one’s unconscious narcissistic or other needs can be
satisfied. Although classical psychoanalysis deems the final motivation of altruistic behaviour to be
purely egoistic in its nature, in the later years of its development, when, for instance, the theories of objec-
tive relationships/attitudes, ego-psychology, and self-psychology were coined, other motivations of hu-
man behaviour that do not merely result in a reduction of tension became widely accepted.

The concept of altruistic behaviour is also based on the principle of hedonistic orientation of human
behaviour as outlined by the behaviourist psychology framework. This theory explains altruism as a sec-
ondary, i.e. learned motive, which is dependent on its reinforcement by more fundamental primary and
rather non-altruistic inputs. Altruistic behaviour is thus not viewed as functionally autonomous, but as a
learned conduct, which originates from rewards in forms of primary inputs. When not reinforced, for in-
stance through social rewards, altruistic behaviour may show a tendency towards its weakening.

The theory of group identity attempts to explain altruism as a behaviour, which emerges out of a mu-
tual similarity shared by a group’s membership, the perceptive they share, and their communicative and
interactive interconnectivity. A subject’s belonging to a group may allow her to transcend her self to the
group, and as such can result in the individual’s perception of her group as a form of an extended self.
Altruistic behaviour hence reinforces essential cohesive group processes, increases the group’s social
identity, and partakes in maintaining a social group’s future existence. An individualized sense of “I”” can
be in the process of altruistic action, expended and transformed into a collective sense of “us”.

According to the theory of social change, an individual has a primary disposition in her social interac-
tions with other people to utilize a principle of concurrent minimization of her costs and maximization of
her profits or rewards. This principle does not necessarily need to be deliberate; on the contrary it may be
driven by a subtle subconscious or completely unintentional calculation. Rewards or profits, which moti-
vate prosocial behaviour, can be external, such as gifts, friendship, etc., or internal, for instance a higher
self-appreciation, better self-perception, or a feeling of contentment. M. Snyders, A. Omoto, and G.
Clary’, used their research of volunteers caring for HIV/AIDS patients in distinguishing six principal
internal motivations that appear to cause one’s desire to volunteer:

1) Value-expressive motivation: to act according to humanitarian values and concerns for others;

2) Understanding: to acquire new learning about people or to practice existing knowledge, skills,

and abilities;

3) Social: to participate in group activities and to be viewed favorably by friends;

4) Career: to utilize new experiences and contacts in developing career prospects that may benefit

one directly or indirectly;

5) Ego-protection: to protect oneself from feelings of guilt and escape from personal problems;

6) Self-enhancement: to increase positive feelings towards oneself and to enhance own personal

growth and development.

Within the framework of social norms theory, an individual’s prosocial behaviour can be motivated
by certain social expectations, which are the norms or rules that prescribe correct forms of behaviour in
particular situations. In social psychology, one of the norms that apply to the study of prosocial behav-
iour is social reciprocity, which refers to positive or negative responses of individuals towards the actions
of others, such as in offering and accepting help, and expecting future benefits of the helping actions.
Thus in social relations reciprocal actions in giving and receiving must be established to elicit reciproca-

3 Cited in Mayers 1999, 475.
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tion of any assistance. However, this norm applies presumably only amongst individuals of the same
social status, such as partners.

Another norm often applied to explain prosocial behaviour is social responsibility, which is defined as
an orientation toward helping others (e.g. children or handicapped people), who cannot reciprocally return
the helping subject’s assistance. Thus such prosocial behaviour cannot be defined as an outcome-oriented
action that benefits someone else while being conditioned by a possibility of reward, but rather as an ac-
tion driven by an internal social commitment. However, individuals tend to apply this norm selectively
and base their help primarily on attributive processes through which they define those who appear to be in
a state of need because of external conditions, not due to their own negligence, or those who they can
relate to on the basis of their similarity, for instance their intellectual status.

Applying the framework of social norms theory, S. H. Schwartz (1977) developed a four-phased al-
truism model, which describes how an individual assumes responsibility and acts on it. In the model’s
first phase, an individual realizes another person’s state of distress and strives to identify those actions
which may prove as helpful. Second, the individual invokes norms and feelings of responsibility to offer
assistance. Next, he/she evaluates cognitively all required costs and may experience feelings of denial in
terms of his/her responsibility to act in a certain social situation. In the final phase, the individual either
does or does not perform helping actions.

According to Schwartz’s model, altruistic behaviour arises from personal norms activated by moral
obligation, although the helping individual does not necessarily need to recognize each phase separately;
the phases may be processed cognitively as one unit.

The central realization of the evolutionary theory is the thesis that life is based on continued existence
of genes, and that human behaviour is manipulated by these genes towards maximization of the selective
survival of the species. Genes that would predispose an individual to unselfishly support a stranger can
either influence him/her towards protecting the species (relatives), or activate the individual’s reciprocal
behaviour. In general, the evolution favours devoted and helping parental behaviour and helping actions
aimed at other members of one’s kin or the same social group, because such forms of prosocial behaviour
enable selective survival of the species. Also, due to the orientation of human genes towards the future,
as a rule, parents are more inclined to help their children than vice versa.

The genetically preconditioned orientation of humans towards one’s own interest is interconnected
with reciprocity, as an organism is inclined to help others in anticipation of maximizing altruistic ex-
changes. Since every helping subject expects to become a receiver at some point later, failure to recipro-
cate can result in sanctions. Reciprocity operates easier in small, isolated groups and in settings where
individuals communicate and interact intimately. For this reason, reciprocity appears to be stronger in
small towns, where residents tend to display stronger inclination to behave prosocially. Therefore, ac-
cording to some scholars, ethical norms can serve as learned social correctives of natural human biologi-
cal and egoistic interests.

While the social exchange theory is embedded in psychology and the social norms theory is based in
sociology, the evolutionary theory derives its basis from biological sciences. According to G. Meyers
(1999), the theories possess in spite of their weaknesses a relatively strong explanatory potential, since
they provide coherent and mutually complementary patterns for summarizing a variety of different obser-
vations.

The ontogenetic development of altruistic behaviour, its situational and individualistic determinants,
and its basic explication of empathy-altruism hypothesis, have been outlined in an earlier study.*

Empathy and Affiliation

The conceptualization of empathy in contemporary psychology does not present satisfactory results in
terms of presenting a unified definition, however reference to the concept in terms of a psychological
attribute, or a psychological condition can be traced in a number of studies. The majority of empathy

* Mlcak, 2002a
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aimed research projects accentuate either the notion’s cognitive or emotional aspects, or their mutual in-
tegration.” The present study examines emotional empathy in terms of a specific inborn personality at-
tribute of an individual, which can be further developed through a learning process.

According to the theory of A. Mehrabin and N. Epstein (1972), emotional empathy represents the
ability of an individual to experience through observation emotions felt by others. Within this situational
framework, C. D. Batson (1987) presented his central empathy-altruism hypothesis, which asserts that
empathy is the decisive motive of an altruistic behaviour, as it produces interest in the well-being of oth-
ers. Empirical evidence further suggests that altruism and empathy relate in a positive correlation. Ac-
cording to this theory, the presence of another individual in a state of distress can produce a broad range
of emotional experiences in the observer, ranging from sadness and stress, which may in turn result in an
egoistic attempt to escape the situation in order to avoid the displeasure. On the other hand, an individual
that experiences an empathic interest will not seek to avoid the circumstances, but rather allow the stress
to motivate him/her toward acting altruistically. Thus whereas distress can result in selfish motivations to
help, empathic interest would generate an altruistic motivation with a ultimate goal of helping to benefit
others, while the ratio of the two motives would determine the final behavioural response.

C. D. Batson’s research team® came to the conclusion that when research subjects were experiencing
empathy leading to some form of distress, they were generally more inclined to offer help, even when
there was no witness present, when the person in distress was a member of a rival social group, or even in
situations when they had to break their own standards of justice. According to some other of the team’s
deductions, certain helping actions can be supported by a stronger egoistic motivation, which leads the
subject to a helping action out of a desire to be rewarded or to avoid a punishment. Alternatively, some
helping actions can be motivated by more moderate egoistic motivations, which can result in the subject’s
helping action caused by his/her desire to reduce the experienced stress.

In psychology, the term affiliation is interpreted as a natural inherent human need to maintain social
contact, which motivates an individual to induce positive and desirable interpersonal relations, and which
leads to satisfaction through saturation of numerous other learned motives. According to this thesis, a
subject may benefit from interpersonal relations not only by exploiting others as means of achieving
his/her own goals, but also by relating to them as to real individuals who may help the subject reduce
his/her stress, concerns, and insecurities stemming from social comparisons, seek information, receive an
appropriate attention, escape from one’s solitude, and receive social acceptability or emotional support.
Any subject’s efforts to satisfy his/her need of affiliation may be reflected in the individual’s behaviour
through a specific interpersonal strategy, which can be based on a relatively steady personality disposition
to react to other people in a friendly manner.

Several theories attempt to explain the variety of motives possibly standing behind affiliative behav-
iour, among them L. Festinger’s social comparison theory, anxiety reduction theory based on now classi-
cal experiments carried out by S. Schachter, and the more recent cognitive appraisal theory which have
received the most attention. Other theories attempting to explicate affiliative behaviour include the acqui-
sition theory and, particularly, J. Bowlby’s attachment theory, which derive the crucial development of
affiliation in childhood from the intensive social and emotional bond between a mother and her child.
Nevertheless, most theories addressing the issue of affiliative behaviour tend to lack the support of consis-
tent research results.’

Resear ch Objectives, Sample, and M ethodology

The researchers addressed a total of 121 research subjects, all first to fourth-year students majoring in
Social Work at the Faculty of Arts of Ostrava University (OU) in Ostrava. The research methodology
included three standard diagnostic methods:

5 For further analysis see Wiseman, 1996; Kunyk, Olson, 2000; and Mlcak, 2004a.
® Batson et al., 1987
7 See, for instance, Buunk as cited in Hewstone et al., 1996, and Freedman et al., 1981.

128



Educational & Didactic Communication 2008 — Z. Mlcak, H. Zaskodna: Altruistic Motivation, Empathy, and Affiliation

)

2)

3)

Questionnaire of Social Work Study Motivations (QSWSM), composed of 45 statements, which
the respondents evaluated on a 7-point scale ranging from total approval to total disapproval: +3
fully agree; +2 agree; +1 rather agree; 0 don’t know; —I rather disagree; —2 disagree; -3 fully dis-
agree;

Questionnaire Measure of Empathic Tendency (QMET) developed by A. Mehrabin and N. Ep-
stein (1972), comprised of 33 items evaluated by the respondents on a 9-point scale: +4 very
strongly agree; +3 agree; +2 rather agree; +1 moderately agree; 0 don’t know; —1 moderately
disagree; —2 rather disagree; -3 disagree; -4 very strongly disagree, with the final score represent-
ing the total level of emotional empathy;

Scale of Social Desirability (SSD) developed by D. P. Crowne and D. A. Marlowe (1960), con-
sisting of 33 points evaluated by the surveyed subject in terms of their truthfulness and untruth-
fulness. This questionnaire measures the tendency of the tested subject to respond in socially de-
sirable ways, or, in another words, in accord with socially conventional ways of behaviour and
experiences. This type of questionnaire is often utilized in measuring levels of affiliation needs.

The present research was aimed at identifying mutual relation between altruistic motivation, emotional
empathy, and affiliation, while addressing the following main objectives (O):

01)
02)

03)

To explain mutual relation between levels of altruistic motivation, emotional empathy, and
affiliation;

To explain how, from the perspective of altruistic motivation, different groups of female stu-
dents with opposing levels of emotional empathy and affiliation diverge from each other;

To explain whether the level of students’ altruistic motivation is affected by the level of inter-
action between emotional empathy and affiliation.

With regards to assuring a greater homogeneity of the research sample, the present study excluded 17
male research subjects in order to avoid any gender bias in defining altruistic motivation levels. The pre-
sent research sample thus consisted of 103 female subjects exclusively.

Next, by selecting 12 points from the QSWSM the researchers developed a scale of altruistic motiva-
tion that would allow for the best representation of motivation levels in students’ selection of Social Work
as the field of their study. The authors further presupposed hypothetically a possibility that altruistic mo-

tivation

could as well be demonstrated in the students’ everyday behaviour.

In the ensuing stage of data analysis, the authors considered research subjects’ responses to the

QMET,

as well as conclusions derived from the SSD. Finally, all results were statistically analyzed by

employing the methodology of correlative analysis, F and T tests, and factor variation analysis.
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Table1l: Altruistic Motivation Scale and Statistical Parameters of [tsEntries

No. || choseto major in Social Work studies becausg, ... M SD
I have helped other people before and found it very satisfying. 1,25 1,24

3 | I want to learn how to advise others in dealing with their problems. 2,17 0,87
I want to help people in distress. 1,98 | 0,76

I feel responsible for other people’s misfortune. -147 | 1,39

12 | Ibelieve that one of the life’s biggest meanings is to help others. 1,06 1,05
16 | Some of my dear ones are unhappy and I can perhaps learn to help them. 0,14 1,64
17 | I cannot stand to see others suffer therefore I must help them. 0,59 1,30
25 | I want to contribute to bettering of this world. 0,89 1,16
27 | I want to be of help to others. 1,83 0,85
31 | I believe that through helping others I can become a better person. 0,51 1,23
38 | I want to make others happy. 1,07 1,02
45 | 1 want to give others love and happiness. 1,15 0,96

Table 1 shows the original number of items in the Questionnaire of Social Work Study Motivations and
their exact wording. Each item is then defined by the values of the arithmetical averages (M) and stan-
dard deviations (SD). The above quoted entries demonstrate the existence of mutual, statistically signifi-
cant intercorrelations, while the orientational factor analysis, whose results are not reported in this paper,
show that they are indeed related by the same factor.

Table 2: Statistical Parameters of the Examined Variables (N = 103)

Variables N Min M ax M SD Me
Altruistic Motivation (ALM) 103 -13 32 11,17 7,62 11
Emotional Empathy (QMET) 103 0 88 38,90 | 16,88 38
Affiliation (SSD) 103 2 28 18,55 4,73 19

Table2: N = number of respondents; Min = minimal value; max = maximum value; M = arithmetic mean; SD = standard devia-
tion; Me = median

Table 2 summarizes the arithmetical means of studied variables, standard deviations, and reached medi-
ans for all three used diagnostic instruments.

Table 3. Outcomes of Pearson’s Correlative Analysis of Variables (N = 103)

Variables ALM QMET SSD
Altruistic Motivation (ALM) 1,000 0,247+ 0,075
Emotional Empathy (QMET) 0,247+ 1,000 -0,170
Affiliation (SSD) 0,075 -0,170 1,000

Table 3: + = statistical significance was established at 0.05
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Table 3 shows correlative coefficients between the results reached in the Altruistic Motivation Scale,
QMET, and SSD. The results indicate that altruistic motivation (ALM) correlates positively with the
level of empathy (QMET). The level of correlations appears as statistically significant, however the rela-
tion between these variables can be viewed rather as weak due to the value of the 0.247 coefficient level.

In the next step of the statistical analysis, the authors divided the full research sample of Social Work
students according to the medians reached in variables QMET (Me = 38) and SSD (Me = 17) into four
experimental groups (i.e. below the median x < Me and above the median x > Me). In this manner, the
following groups were distinguished: first, a group with a higher level of empathy and affiliation (E+A+);
second, a group with a higher level of empathy and lower level of affiliation (E+A-); third, a group with a
lower level of empathy and higher level of affiliation (E-A+); and fourth, a group with a lower level of
empathy and lower affiliation (E-A-).

Table4: Statistical Parameters of Examined Experimental Groups

Experimental Groups N M SD
Group 1 (E+A+) 17 12,88 5,04
Group 2 (E+A-) 32 12,31 8,89
Group 3 (E-A+) 30 11,73 7,60
Group 4 (E-A-) 24 7,71 6,07

Table4: (E+A+) = higher empathy and higher affiliation; (E+A-) = higher empathy and lower affiliation; (E-A+) = lower
empathy and higher affiliation; (E-A-) = lower empathy and lower affiliation; N = total number of respondents; M = arithmeti-

cal mean; SD = standard deviation

Table5: Factor Analysisof the2 x 2 Variant Outcomes

Sour ce of Dispersion DF SS AS R
Factor E 1 169,13 169,13 3,02 ns
Factor A 1 448,32 448,32 8,02 0,05
Interaction E x A 1 -228,71 -228,71 4,09 0,05
Inside the groups 99 5536,26 55,92

Total 102 5925,00

Table5: DF = degree of freedom; SS= sum of squares, AS= average square; F = value of ration SSAS, R= dtatistical rele-

vancy

Based on the data presented in Table 5, the Affiliation Factor (A) has a particularly strong significance in

proclaiming altruistic motivation in the choice to major in Social Work. Factor (A) concurs especially in

accordance with Emotional Empathy Factor (E), which however exercises by itself no statistically signifi-
cant influence on motivating prosocial behaviour. Clearly, this case illustrates an occurrence of nonsym-

metrical, but statically conclusive interaction between factors E and A.
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Table6: Statistical Relevancy of F and t Testsin Research Sample Groups

Group 1 Group 2 Group 3 Group 4

(E+A+) (E+A-) (E-A+) (E-A-)
Group 1 F=0,166 F=0,730 F=0,895
(E+A+) t =0,814 t =0,594 t =0,010++
Group 2 F=0,166 F =0,266 F =0,098
(E+A-) t =0,814 t =0,784 t = 0,033+
Group 3 F=0,730 F=0,266 F=0,620
(E-A+) t =0,594 t =0,784 t = 0,040+
Group 4 F =0,895 F =0,098 F =0,620
(E-A-) t =0,010++ t = 0,033+ t = 0,040+

Table 6: (E+A+) = high levels of empathy and affiliation; (E+A-) = higher level of empathy and lower level of affiliation; (E—
A+) lower level of empathy and higher level of affiliation; E-A-) = lower levels of empathy and affiliation; F = test value of
homogeneity of variance; t = test value of equality of means; + = statistical relevancy on 0.05 level; ++ = statistical relevancy
on 0.01 level

Discussion of Resear ch Results

As outlined above, the authors reached the present research results by applying three questionnaire
methods. While Scale of Emotional Empathy and Scale of Social Desirability have for some time been
frequently utilized as rather reliable tools, the Scale of Altruistic Motivation was designed purely for the
purposes of this research project, and thus lacks generally formulated entries and factually grounded va-
lidity. Consequently, it is impossible to declare whether this scale hypothetically quantifies a prosocial,
or rather a narrower altruistic motivation. Since the entries show evidence of not only a motivation to
benefit others, but also at least implicitly suggest a certain level of selflessness in this form of behaviour,
the authors came to the conclusion that the respective scale quantifies not as much prosocial, but rather
altruistic motivation.

The correlation analysis of examined variables presented in Table 3 demonstrates a rather weak, how-
ever statistically significant correlation among altruistic motivation and levels of emotional empathy.
This outcome cannot be treated as surprising, as it supports the essential empathy-altruism theory. Next,
both the correlations among empathy and affiliation, and altruistic motivation and affiliation have been
established as insignificant. Finally, the results illustrate that the concepts of altruistic motivation, emo-
tional empathy, and affiliation are conceptually dissimilar and mutually nontransferable.

The results of factor analysis of variance 2 x 2 as quoted in Table 5 provide evidence that the level of
affiliation can influence the strength of altruistic motivation, but also show that this factor impacts altruis-
tic motivation only in an asymmetrical interaction with the emotional empathy factor.

Finally, as data in Table 6 illustrate, levels of altruistic motivation in Group 1 (E+A+), Group 2 (E+A
—) and Group 3 (E —, A+) do not differ, moreover, the same level of altruistic motivation can apply in
situations where both, or at least one of the characteristics can be identified as stronger. The analysis
suggests that we must consider at least three different types of altruistic motivation:

1) Altruistic motivation connected to a higher level of emotional empathy and affiliation;

2) Altruistic motivation connected to a higher level of emotional empathy and weaker affiliation;

3) Altruistic motivation connected to a lower level of emotional empathy and stronger affiliation.

The scope of this study does not allow us to further evaluate existing differences among the described
three types of altruistic motivation. Nevertheless, the results lead us to deduce that altruistic motivation
cannot be seen as a homogenous construct, but rather a complex concept which needs to be understood as
consisting of diverse subtypes. However, even this thesis would need to be tested through another care-
fully designed research project before such conclusions could be taken as scientifically based.
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As data collected for the purposes of this study were generated from a limited research sample by util-
izing questionnaire methodology based on the technique of self-reporting, it is essential to consider our
results as preliminary. Another limitation to the authority of the outcomes stems from the fact that the
research sample did not include members of both sexes, and therefore cannot offer a valid synthesis of the
varied characteristics represented by different gender groups. Furthermore, the fact that the study did not
utilize any external criterion which could validate the questionnaire results, pose still more constraints to
considering our results as final.

In sum, it is difficult to conclude that female students with a lower level of affiliation motivation
would need to experience a smaller desire to help also in their real life, especially when helping could
present them with a venue for fulfilling some personal egoistic motives such as paid social work, profes-
sional career, or satisfying other aspects of their self-image. Not even where students with higher level of
altruistic motivation are concerned can we readily assume that their motivation will manifest itself in
sincere helping actions. On the other hand, we must bear in mind that students majoring in Social Work
should theoretically possess higher levels of altruistic motivation than students who major in fields that do
not require helping as one of their prerequisites.

Further inquiries would need to focus their attention on the question whether social work and other
helping fields in fact require students to possess a certain set of essential personality prerequisites such as
altruistic behaviour, cognitive and emotional empathy, affiliation, etc. Although a vast majority of stud-
ies® consistently emphasize the necessity of such fundamentals for the performance of helping profes-
sions, in reality no post-secondary institutions take such prerequisites systematically into account when
designing admission processes for selecting their prospective students. Also worth further research would
be the issue of whether post-secondary education can ever enhance such qualifications in students, espe-
cially since all key elements of such personality characteristics in a human ontogenesis originate during a
much younger age.

Conclusion

Empirical results of this study attempting to examine the concepts of altruistic motivation, emotional
empathy, and affiliation, need to be regarded as preliminary and hypothetical and require further in-depth
research. In sum, we can maintain that altruistic motivation is a multifaceted phenomenon, which is mu-
tually interrelated to the interaction of such diverse personality traits and factors as emotional empathy
and affiliation. It is apparent that altruistic behaviour can reach higher levels when accompanied by a
more intense emotional empathy or affiliation, and is present in its weaker form when the other character-
istics also appear as less pronounced.

The results of this study need to be assessed through a careful reexamination and application of an-
other methodology which would make possible further inspection of affiliation, measuring of empathy’s
all multidimensional aspects, and in particular, comprehension of all relevant aspects of altruistic person-
ality tendencies.

Finally, the study has laid down vital fundamentals for supporting the basic empathy-altruism thesis
that altruistic motivation of human actions is connected to emotional empathy, and strengthening the sur-
mise that altruistic motivation, emotional empathy, and affiliation appear to be independent and substan-
tially different characteristics.
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Vyvoj fyzikalniho vzdélavani na stiedni Skole

Oldftich Lepil
Univerzita Palackého, Olomouc, CR

Abstrakt

Uplynulé 20. stoleti bylo v oblasti fyziky a pfirodnich véd viibec obdobim pfevratnych objevii a symbolicky zacalo
v roce 1900 Planckovym objevem kvant zafeni, coz pfedznamenalo i vznik nového fyzikalniho obrazu svéta. Neni tedy
od véci, polozit si otazku, jak tento vyvoj ovlivnil fyzikalni vzdélavani, jeho koncepci, rozsah i obsah. Jestlize v§ak
nahlédneme do pramenti zachycujicich situaci ve Skolstvi pied sto lety, zjistime, ze problémy, s nimiz se skoly potyka-
ly pred sto lety, jsou v podstaté stejné jako ty, na néz narazime v soucasnosti. Tehdy stejn¢ jako dnes zaznivala kritika
nedostatku vyucovacich hodin, odtrzenosti vyuky od potieb praxe i dalsiho studia, nedostate¢nych znalosti student
ptichazejicich na vyssi stupen Skoly atd. atd. Neni ovSem cilem postihnou v tomto piispévku celou §ifi problematiky.
Proto se dale zamétime jen na vyuku ve vSeobecné vzde€lavaci stiedni Skole, ¢ili gymnaziu, které v prubéhu 20. stoleti
prodélalo fadu podob a promén.

Abstract

Contribution summarizes research and development in didactic system of physics teaching at upper secondary school.
This development is documented on the changes in national curriculum, plans of instruction and textbooks in the pro-
gress of the 20th century. The next development of physics education calls for the solving of the problems:
1. Role of science education in the contemporary (global) society,

2. Relations of physics education to school system,

3. Content and teaching methods of physics instruction.

Obsah
Didakticky systém fyziky na stfedni Skole a jeho vyvoj
Didakticky systém fyziky v osnovach stfedni Skoly
Prehled vyvoje osnov fyziky na stfedni v§eobecné vzdélavaci Skole (gymndaziu) ve 2. poloviné 20. stoleti
Ucebnice fyziky pro gymnazium a jejich vyvoj

vvvvv

Perspektivy vyvoje didaktického systému stiedoskolské fyziky

IKompletni prispévek je v priloze na str. 172 — 1881
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Abstract

This contribution is a presentation about the comparison the results of transformations of physics knowledge piece
with variant forms of curriculum. Organized sequence of physics knowledge transformations is the expression of edu-
cational communication of physics, organized sequence of curriculum variant forms is the expression of curricular
process.

The results of transformations (inputs and outputs of each transformation) of the physics knowledge piece can be
identified with variant forms of curriculum. There was a special state of subject education and physics education inves-
tigation leading to the formulation of this idea. The communicative conception of physics education as an order of
physics knowledge piece transformations was defined in the Czech-Slovak conception (and maybe also in conjunction
with continental Europe). Also the interdisciplinary cooperation with physics science was pointed out. On the other
hand, several forms of content of education existence were described in Anglo-American conception. Thus the inter-
disciplinary collaboration with educational science was pointed out.

The “assimilation” of physics education with physics in European conception on one side and the “assimilation” of
physics education with educational science in Anglo-American conception on the second side led to the specia phe-
nomena: Anglo-American research quitted to use the concept “physics education” and European research quitted to use
the concept “ physics didactics’.

Content

A. Origin of terms*“ Curricular Process*, and “Variant Form of Curriculum®
Carl Wieman Science Education Initiative (CWSEI)
Curriculum Research and Development (CRD)
What are forms of curriculum (VFC) existence and how to convert knowledge kontent
B. Research results
Definition of curricular process
Definition of variant form of curriculum
Curricular process of physics
Structure of variant form of curriculum
Methods of construction and representation of VFC
Structural Conception of Physics Education
C. References
D. Historical development of terms ,, Curricular Process* and “Variant Form of Curriculum
Segmentation of CRD into curriculum research (CR) and curriculum development (CD)
Final shape of the CR and CD
Structural conception of physics education as expression of the CRD

IThe complete PowerPoint presentation is in the supplement: pages 189 — 201|
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Abstrakt

Praca diskutuje poziadavky na systémovu reformu skolstva plynice z komunikacnej koncepcie odborovych
didaktik reprezentovanej didaktickou komunikaciou vedeckych a technickych disciplin a koncepciou
kurikularneho procesu zameraného na tvorbu, dizajn a vyvoj kurikula, na edukaény proces, vystupy a efekty
vzdelavania.

KIiacové pojmy
Didakticka komunikacia, didakticka transformacia, kurikulum, kurikularny proces, variantna forma kurikula,
kurikularna transformacia

1. Uvod — komunikaéna koncepcia odborovych didaktik

V priebehu rokov 1982 — 2005 sa formovala a vyvijala v Ceskej a Slovenskej republike komunikaéna
koncepcia didaktiky fyziky zalozena na praci profesorky Fenclovej-Brockmeyerovej (Fenclova, 1982;
Fenclova, Bednarik, Palpan, Svoboda, 1984; Brockmeyerova, 2002; Tarabek, Zaskodny a kol. 2002, 2003,
2004, 2005) a nasledne po roku 2000 bola formovand komunika¢na koncepcia odborovych didaktik
predovietkym v didaktikach prirodovednych predmetov a ekonomiky (Fenclova-Brockmeyerova, Capek,
Kotasek, 2000; Brockmeyerova 2002; Tarabek, Zaskodny akol., 2002; Tarabek, Zaskodny, Pavlat,
Skrabankova akol., 2003; Kotasek, 2004; Tarabek, Z4skodny, Simonik, Skrabankova a kol., 2005).
V rokoch 2006 a 2007 bola komunika¢na koncepcia dopracovana do systémovej podoby (Tarabek,
Zaskodny, 2006; Brockmeyerova, Tarabek, 2007; Tarabek, 2007; Zaskodny, 2007; Adamcikova, Tarabek,
2007, 2008a, 2008b). V ramci komunikacnej koncepcie odborovej didaktiky je didaktickd komunikacia
poznatkov danej vedy/odboru charakterizovand variantnymi formami pojmovo poznatkového systému
danej vedy/odboru, ktoré su prepojené poznatkovymi transformaciami. Predmetova didaktika musi
sledovat’ celu cestu transformacie pojmov a poznatkov prislusnej vedy/odboru, pricom variantnym formam
pojmovo poznatkového systému zodpovedajui kvalitativne odlisné fazy didaktickej komunikacie. V sulade
s poznatkovymi transformaciami pojmovo poznatkového systému rozliSujeme aj didaktické transformacie
v didaktickej komunikacii prislusnej vedeckej alebo odbornej discipliny. Fazy a didaktické transformacie
tvoria etapy didaktickej komunikacie danej vedy/odboru.

Po roku 2000 sa v Ceskej republike postupne formovala koncepcia variabilného pojatia kurikula,
v ramci ktorej nie je kurikulum vnimané ako staticky jav, ale ako fenomén prechadzajici r6znymi fazami
svojej existencie, ktoré su prepojené transformaciami (Pricha, 2002, 2006; Manak 2007). Prva teoreticka
koncepcia kurikula ako variantného fenoménu bola predlozena priblizne v rovnakom ¢ase ako komunikacna
koncepcia didaktiky fyziky (Pricha, 1983). Koncepcia variantného kurikula nadvdzuje na americka
koncepciu tedrie vzdelavania (Bobbit, 1918, 1928; Kelly, 2004; Rohlehr, 2006; Smith, 1996, 2000;
Stenhouse, 1975; Westbury, 2008; Adamcikova, Tarabek, 2008¢c; Tarabek, 2008a). Didakticka komunikacia
vychadza z eurdpskej koncepcie predmetovych didaktik popisanej v pracach (Fenclova, 1982; Mohlenbrock,
1982; Fenclova-Brockmeyerova, Capek, Kotasek, 2000; Jelemenska, Sander, Kattmann, 2003; Kotasek,
2004; Pracha, 2002; Tarabek, Zaskodny, 2006). Posledné teoretické prace ukazali, Ze komunikacna
koncepcia predmetovych didaktik je prakticky totoznd s koncepciou kurikuldarneho procesu v anglo-
americkej tedrii vzdeldvania, v ktorej je centralnym pojmom kurikulum (ZaSkodny, 2007a, 2008;
Adamcikova, Tarabek, 2008c; Tarabek 2008b).

137



Educational & Didactic Communication 2008 — V. Adamc¢ikova, M. Hudek, P. Tarabek: Komunika¢né koncepcia odborovych
didaktik a reforma Skolstva

Kurikulum je v podstate obsah vzdelavania, ktory vSak nadobuda roézne formy podla toho, ¢i ide
o koncepéné vzdelavacie materialy, vzdelavaci projekt, osnovy, ¢i to, ¢o sa v skole uci alebo to, ¢o sa ziaci
a Studenti aj skuto¢ne naucili. Hovorime, ze kurikulum nadobtda v priebehu pripravy vzdelavacich
materialov, v priebehu vyucovania, ucenia apraxe rozne formy — varianty. Kurikuldrny proces je
postupnost na seba nadvizujucich variantnych foriem kurikula, prepojenych kurikularnymi
transformaciami. Cyklicky charakter kurikularneho procesu a didaktickej komunikacie, ako aj spéatné vizby
a vztahy k ekonomike a vede ukazuje obr. 1 prevzaty z prace Adamcikova, Tarabek (2008d).
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Obr. 1: Didakticka komunikacia odbornych a vedeckych poznatkov ako kurikularny
proces v ramci komunikaénej koncepcie odborovych didaktik — spitné vizby,
vzt’ahy k vede a ekonomike

Siroké sipky |:> reprezentujl transformacné procesy v didaktickej komunikécii vedy (DT1 — DT6 su
didaktické transformadcie). Stredne tenké Sipky — reprezentuju vplyvy pedagogiky, psychologie

a kognitivnych vied, d’alej spitné vazby z faz F4, FS k fazam F2, F3, ako aj vplyv kritérii efektivnosti
formovanych vo faze F2 na zaklade informacii o efektoch vzdelavania v spolo¢nosti. Tenké Sipky ——>
oznaduju informaéné toky a hrubé Sipky === materialne a finan¢né toky.
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2. Sucasna Skolska reforma z pohl’adu didaktiky

Teoria didaktickej komunikacie spolu s koncepciou variantnych foriem kurikula sa javi ako

najvhodnejsi Strukturdlny rdmec pre komplexné ponatie Skolskych reforiem. Hlavnym doévodom je
skutocnost’, ze tato teoreticka koncepcia postihuje vSetky stranky Skolského vzdelavacieho procesu v celej
jeho zlozitosti pomerne jednoduchou a zrozumitel'nou procesudlnou liniou vytvarajucou didakticky most
medzi vedeckymi aodbornymi  poznatkami aich mentalnymi reprezentaciami v mysli prijemcov
vzdelavania. Suvisi to vSak aj s viacerymi d’al§imi aspektami, ktoré charakterizuju sti¢asnil svetovu tedriu
a prax vzdelavania a tykaju sa reformy $kolského systému v Ceskej republike a na Slovensku. Komunika¢na
koncepcia odborovych didaktik poukazuje na podstatné a nutné prvky, ktoré by nemali byt pri vyvoji
kurikula a pri kurikularnych reformach opomenuté. Do uvahy treba vziat' predovsetkym tie fakty, ktoré
Ceska a najmai slovenska reforma vzdelavania neakceptuje:

1.

Didaktici, pedagogovia a tvorcovia kurikuldrnych dokumentov si uz desatrocia uvedomuji, Ze pojmy a
poznatky prislusného odboru nadobudaju v priebehu didaktickej komunikacie niekolko odlisnych
foriem a prechadzaju viacerymi didaktickymi transformaciami. Je zrejmé, ze vedecké a odborné
poznatky sa musia pri tvorbe obsahu vzdelavania adaptovat’ na kognitivnu uroven ziakov a Studentov. Je
zrejmé, ze to, ¢o chce Skola ziakov a Studentov naudit’ (vzdelavaci obsah projektového ¢i operacného
kurikula), nikdy nie je totozné stym, Co sa skutotne naucia (vystupy edukacie ako sucast
implementovaného kurikula). Rovnako aj to, o sa Studenti naucia, nie je totozné s tym, ¢o st schopni
vyuzit' v praxi (aplikovatelné vystupy edukacie — dosiahnuté kurikulum). Preto je tvorba a design
kurikula v sucasnosti jednym z najddlezitejSich predmetov didaktického vyskumu. Na americkych,
kanadskych, anglickych a vyznamnych eurépskych univerzitach existuju kurikularne katedry a Stadium
zamerané na tvorbu kurikula. Nie je ur¢ené len ucitelom ale aj tzv. kurikuldrnym asistentom, ktori st
zodpovedni za projektovanie a planovanie edukac¢ného procesu na zakladnych a strednych Skolach.
Tvorba a vyvoj kurikula vo vsetkych etapach kurikularneho procesu je praca vysoko kvalifikovanych
vyskumnych timov na univerzitdch a Specializovanych pracoviskach. V ramci tychto timov pracuju aj
ucitelia a kurikularni asistenti. Na Slovensku je situacia odli$na, ako to hodnoti prof. Pupala (2008): ,,Od
ucitelov sa ocakavaju produkty, ktoré su za normdlnych okolnosti dlhodobo — pocitajuc na dihé roky,
nie na par mesiacov - tvorené v Specializovanych vyvojovych timoch fungujucich ,,na plny uvdzok*. A
rovnako sa od ucitelov ocakdava, ze pri tvorbe vzdeldavacich programov budu nasadeni do riesenia
takych vyvojovych uloh, ktoré za dlhé desatrocia nevyriesili mnohé timy didaktickych expertov.*
Vzdelavacia sustava je natolko zlozity systém, Ze pri akychkol'vek zmenach sa musi pouzivat
systémovy pristup, ktory akceptuje vSetky prvky systému, ich vzajomné vplyvy, vizby a dosledky
zmien. To je nemozné bez dobsledne prepracovanej teoretickej zakladne a dokladnej znalosti
pedagogickej praxe. Viacsina reforiem a kontinualnych zmien vzdelavania vo vyspelych krajinach so
znalostnou ekonomikou je zalozena nielen na pedagogickej tedrii ale aj na koncepénych teodridch
obecnej didaktiky a predmetovych didaktik. Zavazné reformy su pripravované na zaklade doékladnej
analyzy situacie, s mnohoro¢nym predstihom a testovanim dopadov. Vyvoj nového automobilu trva
roky, avSak ,slovenska reforma vzdelavania“, ktord sa tyka celej mladej generacie, sa pripravovala
narychlo. Mozno konstatovat’, Ze je to nezodpovedné, pretoze jej dosledky negativne ovplyvnia budici
vyvoj spolo¢nosti. Reforma vzdelavania nema byt ,,jednorazova‘“ ale kontinudlna — s neustalou spatnou
vézbou, ako je to bezné vo vyspelych krajinach Eurdpskej unie a U.S.A. Ako jeden priklad z mnohych
mozno uviest' ,,Carl Wieman Science Education Initiative — CWSEI (Wieman, 2008)“, ktora je
kontinualnou reformou vzdelavania zameranou na Studentov ucitel'stva a tym aj na zakladné a stredné
Skoly. Tato reforma kladie doraz na vychodiskovii koncepciu zalozenli na analyze existujuceho stavu
spolo¢nosti a edukaénej ststavy a na spétnii vizbu medzi jednotlivymi fazami kurikula. Carl Wieman *
napr. vo svojom ¢lanku (2007) hovori: ,,Ucel vzdeldvania v oblasti prirodnych vied a matematiky uz nie
je iba vo vychove a priprave zlomku populacie — buducich vedcov. Moderna ekonomika je Siroko
zaloZend na vede a novych technologiach, takze potrebujeme ovela vicsie mnozstvo vedecky a technicky
vzdelanych obcanov nez doteraz. Vysledky testovania FCI v U.S.A. a Kanade vsak ukazuju, Ze v
tradicnych kurzoch Studenti porozumeju iba 30% zdkladnych pojmov uciva danej vedy. Tradicné
vzdeldavanie je jednoducho neuspesné v oblasti vytvarania kvalitnych znalosti.*

4) Carl Wieman, nositel’ Nobelovej ceny za fyziku v roku 2001, je riaditel'om reformnej iniciativy CWSEL
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3. UcCenie je efektivne a zmysluplné iba vtedy, ak vytvara nové pojmy a buduje nové poznatky ako
nadstavbu existujucich pojmov a poznatkov. U¢ivo musi byt dosledne prispésobené kognitivnej urovni
edukanta, t.j. kognitivnej urovni jeho pojmov, poznatkov a myslenia. Pojmy, ktoré tato podmienku
nespliiajt, st v mysli Ziaka vybudované len formalne, bez porozumenia. U&enie musi teda respektovat
kognitivnu uroven edukanta a zénu jeho najbliz§iecho vyvoja (scaffolding instruction, scaffolding
teaching strategy). Pedagogika uz davno nepoklada ziaka a Studenta za prazdnu nadobu, do ktorej sa
nalievaju vedomosti. Ucitel’ nesmie byt iba ,,postarom*, ktory ,,dorucuje kurikulum jeho adresatom —
ziakom a Studentom. Stcasné osnovy Skolskych predmetov tuto skutocnost’ nereSpektuju a redukcia
uciva bez koncepnej zmeny obsahu bude neucinna. Jednoduché porovnania c¢asovej dotacie
materinského jazyka v osnovach s vysledkami testov PISA a PIRLS ukazuju, ze vysoky pocet hodin
slovenciny v Skolach eSte nezarucCuje vysSiu uroven Citatel'skej gramotnosti slovenskych ziakov. Iné
krajiny dosahuju v tychto porovnavacich testoch lepsie vysledky pri mensej ¢asovej dotacii predmetu.
Nekoncepéne ponatd redukcia uciva posunie Citatel'ski gramotnost’ nizSie, o plati aj pre ostatné
predmety.

4. Ak ma skolské vzdelavanie optimalne pripravovat ziaka a Studenta na Zivot, pracu a profesionalnu
kariéru v informa¢nom veku v podmienkach znalostnej ekonomiky, musi byt ¢o najviac
individualizované. Musi rozvijat’ tie vlohy, ktoré dieta ma a nema sa to tykat’ iba tzv. nadanych deti ale
vsetkych ziakov. V opacnom pripade je Cas, ktory dieta stravi v Skole, plytvanim nielen z hladiska
ekonomickych vstupov do Skolstva, ale aj z hl'adiska optimalneho vyvoja dietata. Ucenie v Skole ma
vSak prebichat’ aj v socialnom kontexte a znamend to, Ze ziaci ¢i Studenti si pri u€eni pomahaju
vzajomnou komunikaciou, spolocnym rieSenim uloh a problémov — ucitelia ich ucenie usmeriuji a
podporuji poskytovanim vhodnych informacii a usporiadanim uciva. Direktivne ladend koncepcia
»slovenskej reformy* je s tymito poziadavkami v priamom rozpore.

5. Vzdelavaci priemysel (education industry) je oblast, do ktorej idd relativne velké spoloCenské
a ekonomické vstupy — finan¢né zdroje spolocnosti, osobnostné a intelektudlne vstupy edukantov
(vratane roznych foriem ich nadania), osobnostné a intelektualne vstupy edukatorov. Neexistuju vSak
dostatocne prepracované kritéria efektivnosti produktov vzdelavacieho priemyslu podobne, ako je tomu
v inych priemyselnych odvetviach, (v ktorych je nemyslitelné, aby sa vyrabali produkty, o ktoré
spolo¢nost’ reprezentovana cielovymi skupinami zakaznikov nema zaujem). Odberatel'om ,,produktov
Skolského vzdelavacieho priemyslu je spolocnost’ reprezentovana z vécSej Casti zamestnavatelmi.
Existuje vSak mnozstvo tychto ,,produktov®, o ktoré nie je zaujem, pretoze ich vzdelanie, znalosti,
kompetencie su v praxi nepouzitelné. Ak nebudu finan¢né zdroje ,,vzdelavacich firiem™ zavisiet' aj od
uspesnosti uplatnenia ich absolventov, tazko mozno oc¢akavat zmenu k lepSiemu.

6. Inym vaznym problémom reforiem v Ceskej republike a na Slovensku je skutoénost, Ze sa nezaobera
mentalnymi reprezentaciami osvojenych pojmov a poznatkov aich prepojenim na externé prejavy
edukantov. Ciele vzdelavania s ¢asto formulované jazykom popisujicim externé aktivity — prejavy
vedomosti, znalosti, sposobilosti, kompetencii, pricom evaluacnymi nastrojmi s externé prejavy merané
bez znalosti toho, k akym realnym internym znalostiam sa vztahuju. Rozsiahle a desatrocia
prebiehajuce prieskumy formalnych vedomosti a tzv. miskoncepcii vo svetovej didaktike ukazuju, ze
,,0bvyklé®“ Skolské vyucovanie je z hladiska dobre vytvorenych pojmov a poznatkov, ako aj trvalych
a spravnych znalosti natol'’ko neucinné, ze mozno pochybovat’ o jeho zmysluplnosti — je teda nevyhnutné
rieSit v ramci reformy aj problém zmysluplného vzdelavania ajeho obsahu. Znalostna spolo¢nost’
vyzaduje takych absolventov §kol, ktori maji vytvorené koherentné Struktary vedeckych a odbornych
poznatkov ako aj Siroko aplikovatelné stratégie rieSenia problémov, ktoré su vlastné expertnému
spdsobu myslenia a nie st to iba naucené rieSenia podl'a receptov. Napr. ,.experti vo fyzike chapu obsah
fyziky ako koherentnu Strukturu pojmov a poznatkov popisujucich prirodu a overenych experimentmi,
naproti tomu fyzikalni zaciatocnici (physics novices) vnimaju obsah fyziky ako izolované informdcie
prezentované autoritou, ktorej sa musi verit, preto sa ich ucia spamdti bez porozumenia. (Wieman,

2007)%.

7. Ucebnice s kvalitnym a zmysluplnym obsahom su d’alsim vel’kym problémom Skolstva na Slovensku.
S mnohymi aj novymi vydaniami ucebnic su ucitelia nespokojni, ich obsah nezodpoveda kognitivnej
urovni Zziakov, obrazky apouzivanie farieb ma mnohokrat nulova informacni hodnotu, atd.
Kwvalifikované pedagogické vydavatel'stva maji odborné oddelenia venujuce sa implementacii kurikula
do ucebnic a ostatnych didaktickych prostriedkov. Vyvoj a tvorba uéebnic je zaloZzend na projektovej
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praci odbornych timov — projektant a manager titulu, autori, odborni redaktori, odborni poradcovia,

dizajnéri a korektori. Pravny stav v oblasti ,,pisania a vydavania u¢ebnic* na Slovensku tato skuto¢nost’

nereSpektuje. Domnievame sa, ze pri¢inou nedostato¢ne kvalitnych ainovovanych ucebnic je aj

nespravna politika vydavania ucebnic. Komparaciou réznych spdsobov tvorby a vydavania ucebnic

z hl'adiska ich kvality v jednotlivych eurdpskych krajindch sa zaoberala stidia EEPG (European

Educational Publishers Group). Vysledky komparacie ukazuje tabulka 1 prevzata z prace Adamcikovej

a Tarabka (2007). V zavere Stadie s ako hlavné vyhody volného trhu ucebnic uvedené tieto

konstatovania:

— ucitelia a pouzivatelia maji slobodni moznost volby —mdzu si vyberat’ ucebnice z viacerych
vydavatel'stiev, ¢o umoznuje potrebnu diferenciaciu vzdelavania podl'a potrieb Ziakov;

— vécsia konkurencia pri tvorbe ucebnic ma pozitivny vplyv na zvySovanie ich kvality;

— zodpovednost’ §kol za nadkup ucebnic vedie k efektivnejSiemu vyuzivaniu finanénych zdrojov (napr.
odbtravanim korupcie a tlakom na zniZovanie cien).

Tab. 1: Porovnanie vol’'ného trhu ucebnic a centralne riadeného vydavania ucebnic
v europskych krajinach

Volny trh uéebnic Centralne riadeny trh ucebnic

vydavatel'stvo v spolupraci s autorom vytvori uc¢ebnicu MS vypise konkurz na u¢ebnicu
v stlade s poziadavkami uc¢ebnych planov a osnov (MS — ministerstvo Skolstva)

konkurzu sa moézu zGcastnit’ autori v spolupraci

ucebnicu poda na MS na schvalenie N
s vydavatel'stvom

MS po posudeni uc¢ebnice méze alebo nemusi udelit’ tzv.

. . MS po posudeni prihlasok ur¢i vitazni uéebnicu
schval’ovaciu dolozku pop p

vydavatel'stvo ucebnicu vyda na vlastné naklady

a pontika ju Skoldm MS zaplati vydanie ucebnice

Skoly si po zvazeni ponuky ucebnicu moézu priamo MS prostrednictvom svojej distribuéne;
zakupit’ agentiry dodéava ucebnice skolam

distribucia ucebnic na Skoly cez vydavatel'stva,
knihkupcov alebo distribucné siete

Eurodpske krajiny s centrilne riadenym trhom

Euroépske krajiny s vo'nym trhom ucebnic ‘o
ucebnic

Anglicko, Bulharsko (do r. 2002), Ceska republika,
Estonsko, Finsko, Mad’arsko, Nemecko, Litva (dve
ucebnice na predmet), Norsko, Pol'sko, Portugalsko,
Rakusko, Slovinsko, Svajéiarsko, Svédsko, Taliansko

Bulharsko (od r. 2003), Grécko, Slovensko

3. Co prinesie redukcia uciva?

V reformach vzdelavania sa hovori o nutnej redukcii uciva, o znizeni Casovych dotacii niektorych
predmetov, o zvySeni poctu hodin na cudzie jazyky a pod. Proti koncep¢ne realizovanej redukcii uciva
nemozno namietat’. Existuji vSak silné tlaky proti redukcii, ktoré azda suvisia stym, Ze koncepcia
vzdelavania v naSich Skolach bola dlho poplatnd dvom ,nepedagogickym® principom vzdeldvania, ktoré
viedli k narastaniu objemu uciva:
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1. Prvym znich je zameranie vSeobecného vzdelavania na ,,vychovu vedeckych pracovnikov® v danom
predmete. Osnovy slovenského jazyka su napr. koncipované tak, akoby chceli zo vsetkych ziakov
vychovat’ jazykovedcov ¢i ucitelov slovenciny. Staci sa podivat’ na obsah poziadaviek na maturity
a ¢lovek vidi, kol'ko zbyto¢nych vedomosti si Studenti musia natla¢it’ do hlavy, vedomosti, ktoré nikdy
v zZivote potrebovat’ nebudu. Plati to vSak aj o inych predmetoch. Zda sa, akoby matematici chceli
vychovat’ zo svojich ziakov matematikov, fyzici fyzikov, informatici informatikov atd’. Pozrime sa na
skladbu predmetov na gymnaziach aporovnajme to zo stonasobne vysSim poctom jednotlivych
odbornosti a profesii. Musime si uvedomit, ze ,,nas odbor* (¢i je to slovencina, matematika, fyzika,
chémia, bioldgia, informatika atd’.) pdjde profesionalne Studovat’ len zanedbatené mnozstvo nasich
Studentov. Preto im musime na strednej Skole ukazat' len tie najzékladnejSie poznatky a poznavacie
metddy dané¢ho odboru, ktoré budi potrebné pri ich d’alSom vzdelavani a v praxi. Osnovy, ucebnice ¢i
poziadavky na maturity vSak sved¢ia o nieCom inom.

2. Druhy princip je charakterizovany ,,poStarskym modelom vyucovania®“ (Wellington, 2005, Into
Teaching, Optimus Publishing, UK, http://www.into-teaching.co.uk/), kedy je vyucujici povinny
podobne ako postar ,,dorucovat* poznatky adresatom — ziakom a Studentom. PretoZze objem l'udskych
poznatkov neustale narastd, v priebehu rokov sa postupne zvysuje aj objem uciva, az sa zistilo (uz pred
niekol’kymi desatrociami), Ze to uz takto d’alej nejde. Je vSak neuveritelné, Ze v nasej Skolskej stistave
sa tento model (obvykle zaloZzeny na povinnych a nahustenych osnovach ako aj na postupe ,,vysvetlenie
uciva, uéenie, skusanie) tak huZevnato drzi napriek tomu, Ze v st¢asnom veku explozivneho rastu
novych poznatkov a ich informacnej dostupnosti je davno prekonany. Ucitel’ v sucasnej $kole nema iba
motivovat’, prednasat’, vysvetlovat' a skusat’, ale aj usmernovat, pomahat’ pri vyhl'addvani informacii
a usporiadani ziskanych poznatkov. Nemal by Ziakov iba viest’ ale aj pomahat’ rozvijat ich viohy.

Na druhej strane vSak treba brat vazne pripomienky odbornych a vedeckych spolo¢nosti, ktoré
namietaju proti znizovaniu hodinovych dotacii. Je zrejmé, zZe ekonomika bude potrebovat stale viac a viac
odborne a technicky vzdelanych absolventov — uz teraz je ich nedostatok. Preco teda znizovat’ pocty hodin
na matematiku ¢i prirodovedné predmety? Pridavat’ hodiny na vyucovanie cudzich jazykov azda zlepsi ich
znalost'. Povedie to vSak k tomu, Ze naSi absolventi so znalostou cudzieho jazyka ale bez kvalitného
vSeobecného vzdelania umoziiujuceho technické zameranie nebudi schopni konkurovat odbornosti
rovesnikov v inych krajinach.

Cela diskusia o redukcii uciva, o zvySovani ¢i znizovani hodinovych dotacii jednotlivych predmetov je
zrejme podlozend nevyslovenym predpokladom, Ze vyssie hodinové dotacie daného predmetu znamenaju
lepsiu troven jeho zvladnutia. Je tomu skutocne tak?

Pozrime sa, ako vyzeraju hodinové dotacie predmetu ,,vyucovaci jazyk™ (pre slovenskych ziakov je to
slovencina, pre Ceskych Cestina, pre mad’arskych mad’aréina atd’.) a ,,matematika“ v jednotlivych krajinach
a porovnajme ich s s umiestnenim ziakov v testoch PISA a PIRLS zameranych na Citatel'ski gramotnost’
(schopnost’ porozumenia ¢itanému textu) a matematickl gramotnost’ (vyuzivanie matematiky v rieSeni uloh
praktického zivota). Pohl'ad do tabul'ky 2 ukazuje, ze Finsko, ktoré sa umiestnilo na prvom mieste v PISA-
testoch Citatel'skej gramotnosti 15-ro¢nych ziakov, ma hodinovi dotaciu vyucovacieho jazyka o dost’ niZsiu,
nez Slovensko, ktoré sa umiestnilo na 35. mieste. Podobne Taliansko s prvym miestom v PIRLS-testoch
Citatel'skej gramotnosti ziakov Stvrtého roc¢nika zakladnej Skoly ma polovicni hodinova dotéaciu
vyucovacieho jazyka oproti Slovensku, ktoré sa umiestnilo na 13. mieste (tabulka 3). Podobne druhé Finsko
(resp. treti Hong Kong) v PISA-testoch matematickej gramotnosti ma nizsiu hodinovu dotacie matematiky
nez 26. Slovensko (tretia tabul’ka).

Podobne to vyzera, ak porovndvame hodinové dotacie predmetu ,,matematika“ a matematicka
gramotnost’ ziakov. Pohl'ad do tabul’ky 4 ukazuje, Ze Finsko, ktoré je druhé v PISA-testoch matematicke;j
gramotnosti (resp. treti Hong Kong), ma nizsiu hodinova dotaciu matematiky nez Slovensko na 26. mieste.
Podobné je to aj pri porovnavani hodinovych dotacii prirodnych vied a umiestnenim Slovenska v PISA-
testoch v oblasti prirodovednej gramotnosti. Rozdiel oproti predmetu ,,vyucovaci jazyk™ je iba v tom, ze
hodinové dotacie predmetov na Slovensku su iba o ,,nieco* vysSie nez v krajinach umiestnenych na prvych
miestach.

Zda sa teda, ze vys$si pocet hodin daného predmetu eSte nemusi znamenat’ lepSie zvladnutie uciva, ak
nam ide predovsetkym o praktické vyuzivanie ziskanych znalosti. Sved¢i to vSak aj o malej efektivnosti
nasho vzdelavania a redukcia uciva bez koncepénej obsahovej prestavby moze viest' k znizeniu kvality
absolventov. Hodinové dotacie vysSie menovanych predmetov zékladnej §koly st zrejme naddimenzované,
najviac v predmete ,,vyucovaci jazyk™ a ich znizenie malo byt sucastou reformy. Ak iné krajiny s mensim
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poctom hodin dosahuju lepsie vysledky, mali by sa aj 6 az 15-ro¢ni Skolaci na Slovensku ,,menej ucit™,
avSak inak nez doteraz.

Tab. 2: PISA 2006 — testy ¢itatel'skej gramotnosti 15-ro¢nych Ziakov

Umiestnenie krajiny Skore v testoch Hodinova dotacia
v testovani Ziakov PISA PIRLS | nal.stupniZ$ | na2. stupni Z$

1. Finsko 547 564 26 % 12 %

2. Hong Kong * 536 30 % 19 %

6. Irsko * 517 21 % 20 %
27. Ceska republika * 483 38% 16 %
28. Mad’arsko 482 551 37% 17 %
35. Slovensko 466 531 38% 17 %

Hodinova dotacia je uvedena ako percentudlny podiel z celkového poctu tyzdennej dotacie
vietkych predmetov. Udaje st prevzaté z prace P. Kor$iakova: Zastipenie jednotlivych
povinnych predmetov v obsahu vzdeldvania, www.statpedu.sk.

* Krajiny sa nezucastnili testovania PIRLS

Prieskumy PISA a PIRLS ukazuju, ze vyssi pocet hodin daného predmetu v zakladnej Skole este
neznamena lepSie znalosti (ak berieme do uvahy aj schopnost’ ich vyuzivania v praxi). Teda nevysloveny
predpoklad, Ze vysSie hodinové dotacie daného predmetu znamenaji lepSiu UGroven jeho zvladnutia, na
slovenskych a ¢eskych Skolach neplati. Pric¢inou je skutocnost, Ze edukacny proces ako taky je malo
efektivny. Suvisi to aj s predimenzovanymi osnovami (nielen na zakladnej ale aj na strednej Skole), ktoré
okrem iného obsahuju privela poziadaviek na reprodukéné vedomosti, terminy neprimerané Kkognitivnej
urovni ziakov, a pod. Je zrejmé, Ze zmena obsahu kurikula, podl'a ktorého sa Ziaci a Studenti budu ucit,, je
nevyhnutna. Reforma v§ak musi byt’ spojena s komplexnou zmenou koncepcie a organizacie vzdelavania, so
vzdelavanim ucitel'ov — ako ucit’ podl'a modernejSich koncepcii (a to je zalezitost’ niekol'kych rokov), inak
bude neucinna.

Tab. 3: PIRLS 2006 — testy Ccitatel'skej gramotnosti Ziakov 4. rocnika
zakladnej Skoly

Umiestnenie krajiny Skore v testoch Roc¢na hodinova dotacia predmetu
v testovani ziakov »vyucovaci jazyk™
PIRLS na 1. stupni ZS
1. Taliansko 551 132 hodin *
2. Mad’arsko 551 319 hodin **
4. Nemecko 548 218 hodin *
8. Dansko 546 211 hodin *
13. Slovensko 531 328 hodin **
Ceska republika 330 hodin *

* Udaje st prevzaté z uéebnice J.Priicha: Moderni pedagogika, Portal, Praha 2002

*#* Udaje st vypocitané z percentualnych podielov v praci P. Korsiiakova: Zastipenie jednotlivych
povinnych predmetov v obsahu vzdelavania, www.statpedu.sk pre roénti dotaciu 24 hodin tyzdenne x 36
tyzdiov.
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Tab. 4: PISA 2006 — testy matematickej gramotnosti 15-rocnych Ziakov

Umiestnenie krajiny Skore v testoch Hodinova dotacia matematiky

v testovani Ziakov PISA na 1. stupni ZS na 2. stupni ZS
2. Finsko 548 18 % 13%
3. Hong Kong 547 12 % 14 %

16. Ceska republika 510 21 % 16 %

18. Rakusko 505 17 % 15%

22. frsko 501 17 % 20 %

26. Slovensko 492 20 % 17 %

27. Mad’arsko 491 18 % 14 %

Hodinova dotacia je uvedena ako percentualny podiel z celkového poctu tyzdennej dotacie vsetkych
predmetov. Udaje st prevzaté z prace P. Korsiidkova: Zastapenie jednotlivych povinnych predmetov

v obsahu vzdeldvania, www.statpedu.sk.
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Abstract

This result of data mining in education is a scientific dissertation about the comparison of transformations of
physics knowledge piece with variant forms of curriculum existence. Organized sequence of physics knowledge
piece transformations is the expression of educational communication of physics, organized sequence of
curriculum variant forms is the expression of curricular process - it is essence of knowledge discovery described.

The main aim was to verify the idea that the results of transformations (inputs and outputs of each
transformation) of the physics knowledge piece can be identified with variant forms of curriculum. There was
a special state of subject education and physics education investigation leading to the formulation of this idea.
The communicative conception of physics education as an order of physics knowledge piece transformations
was defined in the Czech-Slovak conception (and maybe also in conjunction with continental Europe). Also the
interdisciplinary cooperation with physics science was pointed out. On the other hand, several forms of content
of education existence were described in Anglo-American conception. Thus the interdisciplinary collaboration
with educational science was pointed out.

The “assimilation” of physics education with physics in European conception on one side and the
“assimilation” of physics education with educational science in Anglo-American conception on the second side
led to the special phenomena: Anglo-American research quitted to use the concept “physics education” and
European research quitted to use the concept “physics didactics”.

Key Words

Subject education, physics education, educational science, pedagogy

Curricular process, curricular process of physics

Curricular process of physics education, curricular process of educational science
Form of existence of education content

Curriculum as variant phenomenon, variant form of curriculum

Transformations of physics knowledge piece, educational communication of physics
Inputs and outputs of transformations of physics knowledge piece

Conceptual curriculum

Intended curriculum

Projected curriculum

Implemented curriculum 1, implemented curriculum 2

Attained curriculum

Methods of construction and representation of variant forms of curriculum
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Structure of variant form of curriculum

Structural conception of physics education

1. Transformations of educational communication of physics

The educational communication of physics is the subject of physics education in the
communicative conception (this includes also methodic, integrative and application conception).

The physics education is a whole continuous process of forwarding and negotiation of results and
methods of physics knowledge to the sense of individuals, who are not directly bounded with the
knowledge creation. This process is leading to the transfer of physics knowledge
to the sense of whole society [1]. This process is done by various participants with educational
intention and includes not only the teaching and education in all levels of educational system, but also
lifelong studies carried out institutionally and information transfer from physics science to society.
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The physics knowledge piece undergoes several transformations during the educational
communication [2, 3]. Physics education has to follow the whole way of physics knowledge transfer
and thus is passed through totally different areas of thinking, investigation and locution, which
approximately come up to mentioned physics knowledge transformation. These are the basic
problematic areas of physics didactics.

The basic problematic areas of physics didactics are: the scientific system of physics,
the educational system of physics, instructional project — instructional process, the results
of instruction and their evaluation. Also the teacher’s preparation of physics and methodology of
physics education belong to this group of problematic areas of physics education.
The transformations of physics knowledge piece and inputs and outputs of each transformation define
these basic problematic areas of physic education [1, 2, 3].

Physics conceptual-knowledge systems undergo several forms of existence during the educational
communication of physics and gain this forms of existence in transformations T1 to T5 [2].

The survey of transformations could be described according to Brockmeyer (1982) and Tarabek,
Zaskodny (2006, 2007), respectively following way:

Transformation T1 (input — output)
Input T1: Scientific system of physics — Output T1: Scientific system of physic from
the point of view of its communication.

Transformation T2 (input — output)
Input T2: Scientific system of physic from the point of view of its communication — Output T2:
Educational system of physics and its content.

Transformation T3 (input — output)
Input T3: Educational system of physics and its content — Output T3: Instructional project
of physics and its textbook.

Transformation T4 (input — output)
Input T4: Instructional project of physics and its textbook, preparedness of teacher — Output T4:
Results of physics education.

Transformation TS (input — output)
Input T5: Results of physics education — Output T5: Applied results of physics education.

2. Choose of variant forms of curriculum

Interdisciplinary cooperation of physics education and physics is integrated with described
sequence of transformations T1 — T5 of physics knowledge piece. There are three questions bounded
with these transformations:

The question number one: How to create, express and figure inputs and outputs of transformations
T1 to T5? How to create, express and figure the scientific system of physics to be communicable?
How to create, express and figure the educational system of physics, its aims and content? How to
create, express and figure the elements of instructional project of physics, mainly textbook? How to
figure the preparedness of teacher for education? How to negotiate the knowledge to students to make
it their own knowledge, and how to find, figure and evaluate the achieved results of physics education?
How to find, figure and evaluate the applicability of achieved physics knowledge?

The question number two: How is the educational dimension of physics education related to the
physics dimension of physics education? If the physics and educational dimension of physics didactics
are joined by physics knowledge piece transformations, which educational constructs can be used for
each transformation description?

The question number three: Could we the first two questions consider as important also for subject
education in the case of another science disciplines, eventually also for subject education of another
totally different specializations (e.g. technical, economical etc.)?
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There is a common answer for these three questions. This is based on the interdisciplinary
cooperation with physics science, besides also on the interdisciplinary cooperation with educational
science (pedagogy). The common content of education and content of physic education are bounded
with the variant forms of curriculum as forms of existence of physics education content, and with the
way of expression and construction of these types of curriculum by effective educational constructs
(i.e. effective modeling of education content in its variant forms of existence).

The tasks which can be solved only by physics education and which are besides the scientific
independence of physics education also the expression of interdisciplinary cooperation of physics
education with especially educational science and physics science are following:
definition of variant forms of curriculum typical for physics as a school subject and their identification
as inputs and outputs of transformations T1 to T5 of educational communication of physics,
connection of these variant forms of curriculum into curriculum process of physics as a sequence of
linked together inputs and outputs of transformations T1 to TS5 of educational communication of
physics, sequent transformation of scientific system of physics into defined variant forms
of curriculum within the curriculum process of physics (i.e. construction and expression of each
variant form of curriculum), takeover of endogenous and exogenous aspect of educational process and
their application within some transformations between appropriate variant forms of curriculum.

We can perform the modification of the survey of variant forms of curriculum identified
in literature to interconnect the transformations T1 to TS with variant forms of curriculum [4, 5] Czech
literature. We can respect the relationships with five conceptions of curriculum [4, 6] and with
transformations T1 to TS5 during these modifications.

Following selection of variant forms of curriculum is the expression of interdisciplinary
cooperation of physics education especially with educational and physics science.

Conceptual curriculum

Variant form of curriculum in literature: Conceptual form (the conception of the education content
in schools).

Curriculum conception: The conception which is focused to the structure of scientific knowledge
(structured and communicable set of knowledge of particular sciences).

Transformation of physics knowledge piece: This form can be connected with transformation T1.
Conceptual curriculum can be identified with the result of transformation T1.

Intended curriculum

Variant form of curriculum in literature: Intended curriculum — planned goals and content
of education with explicit definition in curriculum documents (curriculum, textbooks). There are three
categories of content: content of education itself, its operational level (the actions
of students and teachers e.g. during solving suitable types of tasks), prospects level (planned changes
of student’s attitudes, interests and motivation).

Curriculum conception: Conception is focused on structure of knowledge (curriculum — content —
as a structured set of knowledge of particular sciences optimized for abilities of students). This
conception is also based on development of cognitive processes (the ability of thinking is more than
the list of facts!).

Transformation of physics knowledge piece: This form can be connected with transformation T2.
Intended curriculum can be identified with the result of transformation T2.

Projected curriculum and Implemented curriculum 1

Variant form of curriculum in literature: Project and realization form (concrete planned projects of
content of education, the content of education presented to the subjects of education).

Curriculum conception: This conception is focused on the technologies of education (the method
of forwarding is in the centre of knowledge).

Transformation of physics finding: These forms can be identified with the result of transformation
T3. The expecting result of transformation T3, “Projected curriculum”, can be extended to a new
variant form of curriculum bounded with preparing of teacher for education. This has not been
mentioned in literature yet. This new variant form of curriculum can be named “Implemented
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curriculum 17 and thus it can be divided from variant form of implemented curriculum connected with
subject of matter took over by learners (Projected curriculum and Implemented curriculum 1).

Implemented curriculum 2

Variant form of curriculum in literature: Resulting form (content of education accepted with the
subjects of education).

Curriculum conception: Conception is based on self-realization of learner (to give the learner the
space to investigate the world with his own action, to start with his interests).

Transformation of physics knowledge piece: This form can be identified with transformation T4.
We can identify implemented curriculum as a content of education accepted with the subjects of
education with the result of transformation T4. Implemented curriculum is in terms of this analysis of
variant forms of curriculum divided into Implemented curriculum 1 (identified with transformation T3)
and Implemented curriculum 2 (identified with transformation T4).

Attained curriculum

Variant form of curriculum in literature: Effect form as an achieved curriculum (the content of
education operating on the side of subjects of education), the form of acquired knowledge modified by
learners in the term of their own experiences and interests.

Curriculum conception: The conception of society reparation (to solve the problems of society by
education).

Transformation of physics knowledge piece: This form can be connected with transformation T5.
Attained curriculum can be identified with the result of transformation T5 as a permanent component
of education.

3. The definition of curricular process of physics

According to Pricha there is a problem of agreement in the case of five conceptions
of curriculum [4, 6]. We can assume that if the subject of physics education is the educational
communication of physics [1], the problems with agreement could be relative easily replaced.
Particular conceptions of curriculum and particular variant forms of curriculum “only” express
different transformations of physics knowledge piece. From this point of view, the partial conceptions
of curriculum would cooperate very well. By the way the approach to curriculum as a variant
phenomenon was worked up in the eighties in the Czech Republic [7]. The discovery of the
educational communication of physics [1] and its structural interpretation through transformations T1
to TS5 [3] can confirm the benefit of the approach to curriculum as a variant phenomenon. This
confirmation can be done by the interconnection of conceptions and particular forms of curriculum.

Also the important role of the physics education as a one of the subject education is shown
nowadays — physics education (physics didactics) is defined as an independent scientific subject. This
definition and identification is made right through the curricular dimension. Curricular dimension of
physics education (bounded with cognitive structural methods of construction and expression of
particular variant forms of curriculum) can be also the way to structural conception of physics
education.

The sequent development of variant forms of curriculum is as “an analysis of knowledge and
method of knowledge acquiring by students” newly defined as curricular process [5]. We can identify
the curricular dimension of physics with curricular process of physics by application of this
nomenclature.

The educational communication of physics and curricular process of physics represent sequence of
inputs and outputs of transformations of physics knowledge piece T1 to TS, as well as sequence of five
variant forms of curriculum (conceptual, intended, projected, implemented divided into implemented
curriculum 1 and implemented curriculum 2, and attained curriculum).

Curricular process can be defined as an order of consequential and transformational system of
variant forms of curriculum (the first and the only “non-curricular” element of this system is the
content of physics science as a scientific system of physics, transformational sequence is described
with arrows—).
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Scientific system of physics — Conceptual curriculum

Conceptual curriculum — Intended curriculum

Intended curriculum — Projected curriculum and Implemented curriculum 1
Projected curriculum and Implemented curriculum 1 — Implemented curriculum 2
Implemented curriculum 2 — Attained curriculum

The connection of curricular process of physics with the transformations of educational
communication of physics can be described with following scheme:

Transformation T1 (input — output)
Input T1: Scientific system of physics — Output T1: Scientific system of physic from the point of
view of its communication as Conceptual curriculum.

Transformation T2 (input — output)
Input T2: Scientific system of physic from the point of view of its communication — Output T2:
Educational system of physics and its content as Intended curriculum.

Transformation T3 (input — output)
Input T3: Educational system of physics and its content — Output T3: Instructional project
of physics and its textbook as Projected curriculum and Implemented curriculum 1.

Transformation T4 (input — output)
Input T4: Instructional project of physics and its textbook, preparedness of teacher — Output T4:
Results of physics education as Implemented curriculum 2.

Transformation T5 (input — output)
Input TS: Results of physics education — Output T5: Applied results of physics education
as Attained curriculum.

The description of the -curricular process of physics id not only the expression
of interdisciplinary cooperation with educational and physics science. The description is also the
definition of important part of physics education.

We can also search the answer for the following question: Is it possible to generalize the described
importance of curricular dimension of physics education and find the way of its application to subject
educations of science education or other specializations?

Considering some works [8, 9, 10, 11, 12], our answer will not be negative.

4. Conclusion

This contribution presents the experimental fusion of European education tradition and Anglo-
American curricular tradition. This experiment would not have been performed without revolutionary
theoretical work of Professor Jitka Fenclova-Brockmeyer. Her lifelong work must be honored.

The authors tried to verify the idea, that the educational communication of physics as
a sequence of transformation of physics knowledge piece T1 to TS5, which was described by Professor
Fenclova-Brockmeyer, is on the summary of inputs and outputs the sequence of consequential variant
forms of curriculum:

Conceptual curriculum as an expression of communicable scientific system of physics,

Intended curriculum as an expression of educational system of physics,

Projected curriculum and Implemented curriculum 1 as an expression of instructional project of
physics and preparing of teacher for education,

Implemented curriculum 2 as an expression of results of physics education (outputs of physics
education) in the sense of learners within physics instruction,
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Attained curriculum as an expression of permanent component of education and its application as an
effect of physics education (expression of applicable outputs of physics education),

The main goal of the contribution can be considered as verified. More detailed verification is
connected with the investigation of construction and expression of particular variant forms of
curriculum as particular components of curricular process in physics education.

The authors tried to contribute to the discussion about the solving of problem defined
by Pricha. This problem is connected with five conception of curriculum in Anglo-American
curricular science.

We can think that the educational communication of physics and its curricular process
are possible solution of the problem and offer the consensus among supporters of particular curricular
conception.
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Abstract

On the basis of implementation of primary, secondary and tertiary Data Analysis&Data Synthesis in area of
curriculum research and development it will being, gradually, carried out the investigation of origin of terms
“Curricular Process” and “Variant Form of Curriculum”. The conclusion of paper is consisting in the
implementation of concept “curricular process of physics” as succession by transformational way concurring
“variant forms of curriculum”. This findings is showing itself as the direct implication of Data Analysis&Data
Synthesis of interdisciplinary area “Curriculum Research and Development (CRD)”.

Content
A. Setting

S1) Implementation of primary analysis and synthesis within CRD

S2) Implementation of secondary analysis and synthesis within curriculum research and
curriculum development

S3) Implementation of tertiary analysis and synthesis within origin of terms “Curricular
Process” and “Variant Form of Curriculum”

B. Solution

S1) Implementation of secondary analysis and synthesis within CRD
S1-1. Selected definitions of curriculum (DC)

S1-2. Philosophical line (PL) in theory of curriculum

S1-3. Empirical and practical line (EPL) in theory of curriculum

S1-4. Primary synthesis of results of analysis of theoretical inputs within CRD

S2) Implementation of secondary analysis and synthesis within curriculum research and
curriculum development

S2-1. Systems of Forms of Curriculum Existence (SFEC)

S2-2. How to convert contents of human knowledge to addressees of education

S2-3. Methods of construction and representation of structure and communicability
of subject matter

S2-4. Secondary synthesis of results of analysis within curriculum research and curriculum
development
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S3) Implementation of tertiary analysis and synthesis within origin of terms “Curricular
Process” and “Variant Form of Curriculum”

S3-1. Concrete mechanisms (ways of transformation) whereby curriculum passes from one
form of existence to the other

S3-2. Description of summary of ways of transformation among forms of curriculum
existence as description of approach to curriculum as variant phenomenon

S3-3. Selection of acceptable forms of existence of education content (forms of curriculum
existence)

S3-4. Methods of construction and representation of curriculum variant forms

S3-5. Tertiary synthesis of results of tertiary analysis

C. Analytical synthetic model of Curriculum Research and Development in the light of
origin of terms “Curricular Process” and “Variant Form of Curriculum”

References

A. Zadani

(Cviceni na analyticko-syntetické modelovani struktury ptvodu termind ,,Kurikularni proces” a

,» Variantni forma kurikula‘®)

(Cviceni na konstrukci a vyjadfovani casti konceptualniho kurikula edukac¢ni védy a kurikuldrniho

procesu edukacni védy, tj. ptiklad na sdélovani védeckych vysledkt dosazenych v edukacni védé jako

pfiprava na mozné studium edukacni védy)

1. Navrhnéte podklady pro analyticko-synteticky model ptivodu terminti ,,Kurikularni proces*

a ,,Variantni forma kurikula® z hlediska dtlezité ¢asti interdisciplinarné pojaté oblasti edukacni
veédy - teorie a praxe kurikula.

2. Teorii a praxi kurikula zkoumejte v souladu s J.Prichou (Moderni pedagogika, 2005, 6.kapitola
- Kurikulum: obsah $kolni edukace) jako ,,Curriculum research and development (CRD)* a
P.Zaskodnym (Kurikularni proces fyziky, 2008 - sbornik Educational and Didactic
Communication 2008)

3. K navrzeni analyticko-syntetického modelu provedte primdrni analyzu a primarni syntézu,
které umozni vymezit oddélené ,,Curriculum research a ,,Curriculum development. Navazte
sekunddrni analyzou a sekunddrni syntézou (s vyuzitim praci P.Tarabek, P.Zaskodny, 2007-
2008abc a J.Fenclova-Brockmeyerova, 1982) a charakterizujte souc¢asnou podobu ,,Curriculum
research® a ,,Curriculum development® z hlediska pojeti kurikula a konstrukce kurikula. Uzavrete
terciarni analyzou a syntézou, které umozni objasnit ptivod termind ,,Kurikularni proces a
,,Variantni forma kurikula“ z hlediska ,,Curriculum research*

a ,,Curriculum development®.

S1) Provedeni primarni analyzy a primarni syntézy v ramci CRD

- A-1: Identifikovat, které teoretické vstupy jsou spojeny s ‘‘curriculum research (.
s vyzkumem kurikula)”

- A-2: Identifikovat, které teoretické vstupy jsou spojeny s “‘curriculum development (.
s vyvojem kurikula ve smyslu jeho konstruovani)”

S2) Provedeni sekundarni analyzy a sekundarni syntézy v ramci

»Curriculum research® a ,,Curriculum development*
- A-3: Pristup ke kurikulu jako variantnimu fenoménu vede k potfebé hledat formy existence obsahu
vzdélavani (formy existence kurikula).
- A-4: Jak prevadét obsahy lidského poznani do didakticky uzptisobené polohy, ktera je pfimétena
moznostem adresatli edukace.
- A-5: Jak konstruovat ,,u¢ivo jako logické a sémantické struktury* a jak zajistit sdélitelnost uciva (tj.
jak zajistit ,,curriculum development® v oblasti ,,u¢iva‘)
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S3) Provedeni terciarni analyzy a sekundarni syntézy v ramci piivodu

termint ,,Kurikuldrni proces* a ,,Variantni forma kurikula*
- A-6: Jaké jsou konkrétni mechanismy (zpiisoby transformace), jimiz kurikulum prechazi z jedné
formy existence do druhé
- A-7: Jak lze popsat souhrn téchto mechanismii (zpusobii transformace), jak popsat pristup ke
kurikulu jako variantnimu fenoménu
- A-8: Jak vybrat vhodné formy existence obsahu vzdélavani (formy existence kurikula), aby bylo
mozné splnit ukoly A-6 a A-7
- A-9: Jak konstruovat a vyjadiovat vybrané formy existence kurikula

B. ReSeni

S1) Provedeni primarni analyzy a primarni syntézy v ramci CRD
Primarni analyza a syntéza - analyza a syntéza teoretickych vstupi v ramci CRD

Préace J.Priichy (2005) nejdiive analyzuje v rdmci CRD nékteré zékladni teoretické vstupy: Definice
kurikula, Nékteré filozofické linie v teorii kurikula a nékteré empirické a praktické linie v teorii
kurikula. Ukoly priméarni analyzy jsou nasledujici:

- A-1: Identifikovat, které teoretické vstupy jsou spojeny s “curriculum research (tj. s vyzkumem
kurikula)”

- A-2: Identifikovat, které teoretické vstupy jsou spojeny s “curriculum development (tj. s vyvojem
kurikula ve smyslu jeho konstruovdini)”

S1-1. Vybrané definice kurikula (DC)

- DC-1: Seznam vyucovacich pfedméti a jejich ¢asové dotace pro pravidelné vyucovani na daném
typu vzdélavaci instituce (European Education Thesaurus, 1993, s.71)

- DC-2: Kurikulum v uz$im vymezeni znamena program vyuky. V $ir§im vymezeni znamena veskeré
uceni, jez probihda ve Skole nebo v jinych institucich, a to jak planované, tak neplanované uceni.
V poslednich letech je kurikulum vymezovano jako vybér z kultury spole¢nosti a kurikulum je tvoieno
v procesu kulturni analyzy (Dictionary of Education, Lawton a Gordon, 1993, 5.66)

- DC-3: Kurikulum - obsah veskeré zkuSenosti, kterou zaci ziskavaji ve Skole a v Cinnostech ke Skole
se vztahujicich, jeji planovani a hodnoceni (Pedagogicky slovnik, Pricha, Walterova a Mares, 2001,
s.110)

Terminy ,,Kurikuldrni proces® a ,,Variantni forma kurikula“ zkoumané z hlediska CRD nejlépe
odrazi definice DC-3 (Cdstecéné FeSeni itkolu A-1)

S1-2. Filozofické linie (PL) v teorii kurikula

- PL-1: Dva modely kurikula ve filozofické teorii kurikula jsou vymezeny v ¢lanku Torsten Harbo:
Humanizace vzdé€lani a soucasné teorie kurikula, Pedagogika, 2001. Autor zde stavi do protikladu tzv.
zprostiredkujici model kurikula (orientovany na cile vzdélavani a jejich dosahovani) a tzv. vstiicny
model kurikula (vychazejici zpravidla od dispozic na strané zéka - tento model ,,popisuje zacatek
vzdélavaciho procesu, ale nepokousi se predem stanovovat vysledky. Vystupy nejsou znamy, dokud
proces neni ukonéen. Do té doby jsou vystupy nééim neprediktabilnim* - s.253-254. Ur¢itou
jednostrannost téchto dvou pfistupi se snazi pfekonat interakéni model opirajici se o genetickou
epistemologii Jeana Piageta, ktery zdUraziuje interakci mezi kognitivnimi strukturami na stran¢ zaka a
predavanym ucéivem - ucivo nelze zakim do hlavy ,,nalit”, museji si ho vystavét, (re)konstruovat
prostiednictvim ¢innosti a zkusSenosti déti.
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- PL-2: E.W.Eisner (profesor pedagogiky na Stanfordové univerzit¢ v Kalifornii, napi. kniha
Cognition and Curriculum Reconsidered, 1994) spole¢né s E.Vallance v r.1974 upozornil, ze v praxi
lze vétSinu kurikularnich projektii zaradit do jedné z péti ,.konfliktnich koncepci® kurikula (podle
Certona a Gayle, 1991):

- Koncepce orientujici se na strukturu poznani: Typ kurikula, ktery stavi na tradi¢nim ¢lenéni
predméti, zdlraznujicim ucivo jako soubor poznatkil jednotlivych véd

- Koncepce rozvoje kognitivnich procesi: Zduraznuje, Ze schopnost myslet je vice nez seznamy fakt,
které predava tradi¢ni Skola.

- Koncepce orientovana na technologii vyucovani: V centru pozornosti je metoda predavani, zastanci
obvykle zdlraziuji néjakou didaktickou inovaci.

- Koncepce seberealizace ditéte: Zdaraznuje nutnost dat zakovi prostor, aby vlastni Cinnosti
objevoval svét, vychazet z jeho zajmu.

- Koncepce napravy spole¢nosti: Autofi téchto kurikul zpravidla vidi ve vzd€lavani moznost fesit
n¢jaky nesvar spolecnosti (napf. socialni nerovnost, ekologickou krizi).

- PL-3: Kanadsky pedagog Yves Bertrand (1993) vytvotil nasledujici klasifikaci koncepci edukace:

- Spiritualni koncepce (z4k se ma naucit osvobozovat se od materialni skute¢nosti
a prekracovat sebe sama, aby se mohl pozvednout na duchovni uroven, jez je pokladana za vyssi)

- Personalni koncepce (zdk sam musi fidit své vzdélavani, tikolem ucitele ve vztahu k zakim je
usnadiiovat uceni. Trvalym tkolem Skoly ma byt vést dité k sebeuskute¢niovani)

- Psychokognitivni koncepce (zaméfuji se na rozvoj kognitivnich dovednosti zaka, dnes casto
vystupuji v podobé tzv. pedagogického konstruktivismu)

- Technologické koncepce (usiluji o zlepSeni vyuky pozitim vhodnych metod a technologii ve velmi
Sirokém vyznamu)

- Sociokognitivni koncepce (zduraznuji vyznam kulturnich a socidlnich faktord pii vystavbé
pooznatkového svéta)

- Socialni koncepce (opiraji se o princip, ze vychova ma umoznit feSeni spoleCenskych problémt)

- Akademické koncepce (ukazovat spojitost mezi velkymi hodnotami civilizace, jak jsou obsazeny ve
védeckém poznani a klasickém uméni, a zkusenosti, zajmy a potfebami zakt - je respektovan kanon
zépadni kultury)

Terminy ,,Kurikuldrni proces“ a ,,Variantni forma kurikula“ zkoumané z hlediska CRD nejlépe
odraZeji souhrnnou charakteristiku filozofické linie v teorii kurikula - podle J.Priichy (2005) se
wfilozoficka linie teorie kurikula zabyva tim, co vloZit do ramce zkuSenosti, které ma mlady ¢lovék
ziskdvat ve Skole“ (zbyvajici Cast FeSeni ukolu A-1)

S1-3. Empirické a praktické linie (EPL) v teorii kurikula

Opacny po6l vuci filozofické linii teorie kurikula pfedstavuje podle J.Prichy (2005) linie zaméfena
na konkrétni procedury vybéru, struktury a usporadani toho, co ma byt obsahem Skolni edukace. Tato
linie mize byt nazvana ,prakticky konstrukéni®, aby vystihovala jeji podstatu oznaCovanou
v anglicting ,,curriculum development™ (vyvoj kurikula nikoli ve smyslu historického vyvoje, nybrz ve
smyslu jeho konstruovani, sestavovani pro ucely praxe).

- EPL-1: Walter Doyle (1992a) tento pfistup teoreticky argumentuje v ¢lanku Curriculum and
Pedagogy (Kurikulum a pedagogika). Kurikulum v jeho pojeti je nutné chépat jako obsah toho, cemu
se ve Skole vyucuje a co se zak uéi (pedagogicka teorie obsahu edukace - content pedagogy - by se
meéla zabyvat vyzkumem toho, jak prevadet obsahy lidského poznani, shromédzdéné v jednotlivych
veédach, do zjednodusené, didakticky uzptsobené podoby téchto obsahli v zavislosti na véku zaka,
resp. na jejich kognitivni schopnosti vnimat a zpracovavat tyto obsahy). S timto pfistupem je spojena
Siroka vyzkumna zékladna, zabyvajici se zalezitostmi konstruovani kurikul ve vztahu k adresatim
edukace. Tento zobecnény piistup byl jiz diive rozvijen v ramci linii dale ozna¢enych EPL-2, EPL-3 a
EPL-4.

155



Educational & Didactic Communication 2008 — P. Zaskodny: Pivod termind ,,Kurikularni proces a ,,Variantni forma
kurikula

- EPL-2: ,,Content pedagogy* byla jiz dfive rozvijena némeckymi odborniky v oblasti psychologie
védéni (napt. Mandl a Spada, 1987, Pricha, 1984) - konstruovani kazdého kurikula musi byt
odvozovano z kapacity zakd k chapani a osvojovani urcitych typl informaci a v zavislosti na
zpusobech prezentace této informace

vvvvvv

psychodidaktiky. Tito badatelé rozvijeli kurikularni vyzkumy ve sméru konstruovani uciva s takovymi
vlastnostmi, jeZz by respektovaly logické a sémantické struktury usnadiujici uéeni. Napf. kniha
A.M.Sochora Logicka struktura uciva (1974) piinéSela rozpracovani problematiky sdélitelnosti uciva,
a to v terminech méfitelnych sémantickych siti (podrobnéji o téchto modelech viz J.Pricha, 1987)

- EPL-4: Na prace A.M.Sochora a A.C.Thomase (1963, Programmed Learning in Perspective. Essex:
Barkong), tj. v podstaté dalsi rozvijeni piistupu ,,Content pedagogy*, navazovala prace P.Zaskodného
(1983, Metodologie tvorby didaktického systému fyziky. Praha: Karlova univerzita). Obdobn¢ jako u
A.M.Sochora a A.C.Thomase byla vramci ,curriculum development zkoumana konstrukce a
vyjadfovani smyslu a pojeti, soustavy cili a soustavy uciva didaktického systému fyziky. Za timto
ucelem byly v této praci vyvijeny metody modelovani tfi substruktur didaktického systému fyziky.

Terminy ,,Kurikuldarni proces* a ,,Variantni forma kurikula“ zkoumané 7 hlediska CRD vychdzeji
g prakticky konstrukcéni linie, jsou zaméieny na konkrétni procedury vybéru, struktury a obsahu
toho, co ma byt obsahem edukace. Jsou odrazem ,curriculum development“ ve smyslu linie
wcontent pedagogy“ W.Doyla a rozpracované napi. H.Madlem, H.Spadou, A.M.Sochorem,
A.C.Thomasem a P.ZdSkodnym (FeSeni tikolu A-2)

S1-4. Primarni syntéza vysledkii analyzy teoretickych vstupi v ramci CRD

VyieSené ukoly A-1 a A-2 umoznuji provést primarni syntézu vysledkii dosazenych primarni
analyzou.
research®, jenz v ramci vyzkumu kurikula chape kurikulum jako obsah vzdélavani. Dale J.Pricha
(2005) uvadi, ze kurikulum (obsah vzdélavani) ma nekolik odlisnych forem existence, z nichz jedna je
ta, ktera se tradicné nazyva ucivo. Tyto zavéry J.Prichy (2005) z oblasti ,,curriculum research®
umoziuji zadat ukol:
- A-3: Pristup ke kurikulu jako variantnimu fenoménu vede k potfebé hledat formy existence obsahu
vzdélavani (formy existence kurikula).

Linie zkoumané v ramci ,,curriculum development umoznuji nejdiive spole¢né¢ s W.Doylem
(1992a) a jeho ,,content pedagogy* zadat ukol:
- A-4: Jak prevadét obsahy lidského poznani do didakticky uzptisobené polohy, ktera je pfimétena
moznostem adresatti edukace.

Linie zkoumané v ramci ,,curriculum development* umoziuji na zakladé praci také vychazejicich
z ,content pedagogy”“ =zadat kiteSeni spolecné s H.Mandlem, H.Spadou, A.M.Sochorem,
A.C.Thomasem a P.ZaSkodnym tkol:
- A-5: Jak konstruovat ,,ucivo jako logické a sémantické struktury* a jak zajistit sdélitelnost uciva (t;.
jak zajistit ,,curriculum development® v oblasti ,,uciva‘)

Terminy ,,Kurikuldrni proces* a ,,Variantni forma kurikula“ zkoumané 7 hlediska CRD souviseji
jak s ,curriculum research* (hleddani vhodnych variantnich forem kurikula a jejich propojeni do
transformacné podloZené posloupnosti, tj. do kurikularniho procesu), tak i s ,curriculum
development“ (hledani vhodnych metod konstruovini a modelového vyjadiovani variantnich forem
kurikula). Synteticka souvislost s ,,curriculum research* byla vymezena prijetim definice kurikula
DC-3 a piijetim souhrnné charakteristiky filozofické linie v teorii kurikula - ,,filozofickd linie teorie
kurikula se zabyva tim, co vioZit do ramce zkuSenosti, které ma mlady clovék ziskavat ve Skole“.
Syntetickda souvislost s ,,curriculum development“ je ddana piijetim prakticky konstrukcéni linie
v ramci vazeb na pedagogickou teorii obsahu edukace (,,content pedagogy*“) W.Doyla.

156



Educational & Didactic Communication 2008 — P. Zaskodny: Pivod termind ,,Kurikularni proces a ,,Variantni forma
kurikula

S2) Provedeni sekundarni analyzy a sekundarni syntézy vramci ,,Curriculum research*
a ,,Curriculum development*

V rdmci ,curriculum research® bude analyzovan tkol A-3, vramci ,,curriculum development™
budou analyzovany tkoly A-4 a A-5. Ukol A-3 spo¢iva v hledani forem existence kurikula (p¥istup ke
kurikulu jako variantnimu fenoménu). Ukol A-4 spo¢iva v hledani schiidné cesty, jak prevadét obsahy
lidského poznani k adresatim edukace, ukol A-5 je hledanim metod konstrukce a metod vyjadiovani
struktury uciva a sdélitelnosti uciva.

S2-1. Soustavy forem existence kurikula (SFEC)

Obsah vzdé€lavani ma podle J.Prichy (2005) ne€kolik odlisnych forem existence, z nichZ jedna je
ta, ktera se tradi¢né nazyva ,,u¢ivo” - jiz od 60.let minulého stoleti se dospivalo k poznani, Ze obsah
vzdélavani neni staticky jev, existujici v jediné podobé¢. Je to jev velmi dynamicky ¢i proménlivy, jenz
ma nekolik forem ¢i rovin existence, do nichz se postupné transformuje.

Soustavy forem existence kurikula budou zkoumany (plnéni ukolu A-3 z oblasti ,,curriculum
research®) jednak pomoci prace J.Pruchy (2005), jednak pomoci prace J.Fenclové-Brockmeyerové
(1982, Uvod do teorie a metodologie didaktiky fyziky. Praha:SPN). Soustavy SFEC-1 az SFEC-5
budou kratce popsany.

- SFEC-1: Tento piistup ke kurikulu jako k variantnimu fenoménu byl v Ceské republice teoreticky
vypracovan J.Prichou (1983) a stal se i vychodiskem empirickych analyz SirSiho vyzkumného tymu
(Projektovani obsahu vzdélani a efektivnost jeho realizace, 1989). Odtud Ize uvést nasledujici piehled
forem existence obsahu vzdélavani (vEetné upozornéni na existenci zpusobl transformace, jimiz
kurikulum ptechdzi z jedné formy existence do druhé):

A. Koncepcni forma (koncepce, vize, plany aj. toho, co ma byt ve Skolach obsahem vzdélavani).
Produktem jsou dokumenty Skolské politiky, formulace narodnich priorit vzdélavani, koncepce
riznych zajmovych skupin

B. Projektova forma (vznika transformaci z A.) (konkrétné planované projekty obsahu vzdélavani).
Produktem jsou vzdélavaci programy, uc¢ebni plany a osnovy (8kol, predmétt), standardy vzdélavani
aj.

C. Realizacni forma (vznika transformaci z B.) (obsah vzdélavani prezentovany subjektim edukace).
Produktem jsou konkrétni akty prezentace uciva realizované uciteli ¢i vyukovymi médii.

D. Rezultatova forma (vznika transformaci z C.) (obsah vzdélavani percipovany subjekty edukace).
Produkty jsou vzdélavaci vysledky (,,0svojené ucivo*)

E. Efektova forma (vznika transformaci z D.) (obsah vzdélani fungujici na strané subjektd edukace).
Produkty jsou efekty obsahu vzdélavani v profesni kariéfe lidi, jejich politickych aj. postojich apod.

- SFEC-2: V soucasnosti je variantni pfistup ke kurikulu uplatiovan v rozsahlych vyzkumech IEA
(Mezinarodni asociace pro hodnoceni vzdélavacich vysledktl). Ve vyzkumu TIMSS (tfeti mezinarodni
studie matematického a ptirodovédného vzdélavani - Strakova, Tomasek
a Paleckova, 1996) jsou rozliSovany tfi roviny, v nichz se kurikulum analyzuje (opét se predpoklada,
7e kazda vyssi rovina je ovliviiovana niz$imi rovinami):

- Zamyslené kurikulum - ,intended curriculum® je to, co je ve vzdélavaci soustaveé urCité zemé
planovéano jako cile a obsah vzd€lavani. Obsah vzdélavani zahrnuje tfi kategorie - sdm obsah
vzdélavani (tj. témata uciva), opera¢ni uroven tohoto obsahu (tj. Cinnosti, které Zaci
a ucitelé maji provadét v planovanych tématech uciva), Uroven perspektiv (planovany rozvoj
zékovskych postojl, zajmli a motivaci ve vztahu napt. k ptirodovédnym predmétiim)

- Realizované kurikulum - ,,implemented curriculum® je vymezovano jako ,,u¢ivo skutecné predané
zakim konkrétnimi uciteli v konkrétnich tfidach a skolach*

- Dosazené kurikulum - ,attained curriculum® oznacuje ucivo, které si zaci skutecné osvojili.
V projektech IEA se nebere na zietel jeden dilleZity aspekt dosazeného kurikula (Cap, Mares, 2001,
s.411-440), zakovo pojeti uciva (prekoncepce, miskoncepce). Jde o tu podobu obsahu vzdélani, kterou
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si zaci (studenti) modifikuji podle svych vlastnich pfedstav, mimoskolnich znalosti a zkuSenosti,
zajmu atd.

- SFEC-3: Podle koncepce (viz J.Priicha, 2005), kterou diive uplatiovali rusti teoretici kurikula
V.V .Krajevskij a [.J.Lerner (1983), nastdva pfi realizaci planované¢ho obsahu vzdélavani piimo
dramatickd zména. Obsah vzd€lavani ma v projektové roviné dvé podoby - invariantni obsah
vzdélavani vymezovany v kurikularnich dokumentech normativniho charakteru (napt. u¢ebni osnovy)
a variantni obsah vzdélavani jako konkrétni obsah projektovany a pak ucitelem ztvarnény pro
konkrétni téidu.

- SFEC-4: Opét na zaklad¢ udaji uvadénych J.Prichou (2005) je mozné hovotit o tfech konstruktérech
kurikula. Prvnimi konstruktéry jsou tviarci kurikularnich materiald. Ucitelé jsou ,,druhymi
konstruktéry* obsahu vzdélavani. V této forme se tedy obsahy vzdélavani vzajemné lisi v zavislosti na
charakteristikach individualnich ugitelt, charakteristikach zaka ve tfidach, Skolach atd. Za ,tfetiho
konstruktéra® obsahu vzdélavani je logické povazovat zaka (Shuell, 1993) - viz také vyzkumy zakova
pojeti u¢eni (Cap, Mares, 2001, s.411-440).

- SFEC-5: Podle prace J.Fenclové-Brockmeyerové (1982, Uvod do teorie a metodologie didaktiky
fyziky. Praha: SPN) existuji nasledujici hlavni problémové oblasti, které zkouma didaktika fyziky:

A. Védecky systém fyziky

B. Védecky systém fyziky z hlediska jeho sdélitelnosti

C. Didakticky systém fyziky

D. Vyukovy projekt fyziky

E. Vyuka fyziky, jeji vysledky a hodnoceni

F. Uplatnéni fyzikalniho vzdélani.

Podle minéni P.Tarabka a P.Zaskodného (2007-2008abc) 1ze piedevsim v problémovych oblastech
B az F vidét variantné odlisné formy existence obsahu vzdélavani (variantné odlisné formy existence
kurikula), které jsou propojeny vhodnymi zplsoby transformace. O téchto transformacich se
zmifiovala také jiz J.Fenclova-Brockmeyerova (1982, Uvod do teorie a metodologie didaktiky fyziky.
Praha: SPN)

Terminy ,,Kurikuldrni proces“ a ,Variantni forma kurikula“ zkoumané z hlediska “curriculum
research* jsou spojeny s hledanim vhodnych, transformacné propojenych forem existence kurikula
nejen pomoci soustav existence forem kurikula SEFC-1 ai SEFC-5, ale také s vyuZitim dalSich
soustav uvddénych piedevSim v americkych, kanadskych, a anglickych publikacich (viz Tardbek,
ZaSkodny, 2007-2008abc).

S2-2. Jak prevadét obsahy lidského poznani k adresatim edukace

Tento ukol A-4 z oblasti ,,curriculum development® (zformulovany W.Doylem, 1992a) byl zfejmé
nejlépe splnén praci J.Fenclové-Brockmeyerové (1982, Uvod do teorie a metodologie didaktiky
fyziky. Praha: SPN). Predmétem didaktiky fyziky v komunikacnim pojeti je podle této prace
didakticka komunikace fyziky jako cely souvisly proces pfedavani a zprostiedkovani vysledkt
a metod fyzikalniho poznani do védomi jednotlivel, ktefi se na vzniku poznani nepodileli, a tim i do
spolecenského védomi. Béhem didaktické komunikace prodélava fyzikalni poznatek nékolik
transformaci, které jsou spojeny sjiz dfive vyjmenovanymi hlavnimi problémovymi oblastmi
didaktiky fyziky.

V pozdéjsich pracich J.Fenclové-Brockmeyerové je ve spolupraci s dal§imi odborniky (napft.
s J.Kotaskem) upozornéno, ze komunikacni pojeti spojené s didaktickou komunikaci ma obecngjsi
platnost nez jen pro didaktiku fyziky.

Je ziejmé, ze teorie didaktické komunikace, vypracovana J.Fenclovou-Brockmeyerovou je dobrou
odpovéedi na otazku ukolu A-4 ,Jak prevadét obsahy lidského poznani k adresatim edukace®. Dalsi
dobrou odpovédi je pedagogicka teorie obsahu edukace - ,content pedagogy®, zformulovana
W.Doylem (1992a).
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Je velkym dluhem svétové védy, Ze prace J.Fenclové-Brockmeyerové (1982, Uvod do teorie a
metodologie didaktiky fyziky. Praha: SPN) se nestala znamou v zahrani¢i (i v sou¢asné dobé by jeji
zptistupnéni zahrani¢nim védclim bylo pfinosem, zvlasté pro ptiznivce teoretickych i praktickych
vyzkumil v rdmci ,,content pedagogy*).

Terminy ,,Kurikuldrni proces™ a ,,Variantni forma kurikula®“ zkoumané z hlediska “curriculum
development* a z hlediska tkolu A-4 ,Jak prevadét obsahy lidského poznani k adresatim edukace*
vyrazné koresponduji s teorii ,,didaktické komunikace® i s teorii ,,content pedagogy*. Bez nadsazky se
lze domnivat, Ze teorie didaktické komunikace byla s jednim prvnich celistvych popist ,,kurikuldrniho
procesu‘ v ramci pevninské Evropy.

S2-3. Metody konstrukce a vyjadifovani struktury a sdélitelnosti uciva

Tento kol A-5 ,Jak konstruovat ,ucivo jako logické a sémantické struktury* a jak zajistit
sdélitelnost uciva*“ z oblasti ,,curriculum development® je spojen do neddvné doby pifedevsim s tou
formou existence kurikula, ktera charakterizuje ,,u¢ivo®. Dil¢i analyzy metod konstrukce a vyjadiovani
vedle uciva 1 dalSich forem existence kurikula lze najit napf.

a) ve specialnich encyklopediich a ¢asopisech, podle J.Priichy (2005) napt. v The International
Encyclopedia of Curriculum (A.Lewy,ed.,1991), Handbook of Research on Curriculum (P.W .Jackson,
ed., 1992)

b) v Casopisech vydavanych na mezinarodni Grovni, podle J.Prichy (2005) napt. Journal of
Curriculum Studies (nakl. Tyler and Francis), Curriculum Inquiry (nakl. Blackwell), Comparative
Education, Comparative Education Review.

¢) v rozsahlé knizni literatufe - J.Pricha (2005) pfipomina napi. knihu J.Wilese a J.Bondiho (1989,
vysla v USA v né€kolika vydanich) Curriculum Development: A Guide to Practice, ktera je zamétena
vyrazné prakticky na zalezitosti konstruovani kurikula pro rizné ro¢niky skol a pro rizné vyucovaci
predméty, nebo praci W.Doyla (1992b), Constructing Curriculum in the Classroom.

Z velkého mnozstvi praci, zabyvajicich se metodami konstrukce a vyjadfovani struktury a
sdélitelnosti u¢iva (SCSM) lze ptipomenout:

- SCSM-1: Prace A.M.Sochora (1974), Logicka struktura uciva. V ramci této prace lze hovoftit podle
P.Z4askodného (1983) o zkonstruovanych strukturnich vzorcich jednotek uciva

- SCSM-2: Prace A.C.Thomase (1963), Programmed Learning in Perspective. Essex: Barkong.
V ramci této prace lze hovortit podle P.Zaskodného (1983) o linearnim fazeni jednotek uc¢iva v ramci
hlavni diagonaly Thomasovych matic

- SCSM-3: Prace P.Zaskodného (1983), Metodologie tvorby didaktického systému fyziky. Praha:
Karlova univerzita. V této praci byly popsany kognitivn¢ strukturni metody konstrukce a modelovani
uciva - hierarchické modelovani, analyticko-syntetické modelovani, maticové modelovani a
mikromaticové modelovani. Vedle metod konstrukce a vyjadfovani uciva

(v ramci formy existence kurikula spojené s didaktickym systémem fyziky) se tato prace zabyvala
konstrukci a vyjadfovanim i dalsi formy existence kurikula - védeckym systémem fyziky z hlediska
jeho sdé¢litelnosti

P.Tarabka bylo popsano trojuhelnikové modelovani struktury pojmu a tiroviiové modelovani struktury
pojmi (respektovani moznosti adresati edukace). Vyznamnym rysem bylo pfekroceni stinu ,,jedné
formy existence kurikula - u¢iva“ zavedenim terminu ,,pojmoveé-poznatkovy systém®. Tento termin
byl zde diskutovan ve vazb¢ na rizné formy existence kurikula prostiednictvim internich a externich
pojmové-poznatkovych systémi
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- SCSM-5: Nekteré konkrétni popisy, analyzy a evaluace ve vazb¢ na realitu kurikula v praci J.Prichy
(2005) (s odvolanim se na fadu ceskych i zahrani¢nich autor) rovnéz piekrocily stin ,,jedné formy
existence kurikula - uc¢iva®:

- vzdélavaci programy u nas a v zahranici, tj. kurikulum v projektové forme

- kurikulérni projekty v riiznych zemich reguluji edukaci ve dvou dimenzich (v dimenzi ¢asu edukace -
jak dlouho a v jakém véku se musi subjekt edukace vzdélavat, v dimenzi obsahu edukace - tj. v ur€eni
toho, cemu se musi adresat edukace ucit v prostiedi skoly)

- jak je kurikulum prezentovano v ucebnicich

- jak kurikulum skute¢né funguje ve své realizac¢ni formé, tj. ve Skolni edukaci

- co je produktem kurikula, jaké jsou jeho vysledky a efekty (tj. rezultatova a efektova forma)

Terminy ,,Kurikuldarni proces“ a ,Variantni forma kurikula“ zkoumané 7 hlediska “curriculum
development“ a 7z hlediska ukolu A-5 ,,Metody konstrukce a vyjadiovani struktury a sdélitelnosti
uciva* vyrazné koresponduji s poZadavkem mit k dispozici metody konstrukce a vyjadiovdani nejen
uciva, ale i substruktur a struktur spojenych s dalSimi formami existence kurikula.

S2-4. Sekundarni syntéza vysledki analyzy vramci ,,curriculum research® a ,curriculum
development*

Vyfesené tukoly A-3 az A-5 umoziuji provést sekundarni syntézu vysledki dosazenych
sekundarni analyzou.

Podle J.Prachy (2005) jiz nejsou hypotetické koncepce o variabilit¢ forem existence kurikula nijak
abstraktni - jsou rozpracovavany jak teoreticky, tak prosetrovany v empirickych analyzach.
Z teoretickych koncepci J.Pricha (2005) napt. uvadi::
- Frank Achtenhagen (1992, Géttingen): ,,Obsah vzdélavani se objevuje v riznych formach své
reprezentace®, ,,obsah je hlavnim tikolem vzd¢lavani - coz je fakt, ktery je sice zdiiraznovan
v kurikularni teorii, ale podceniovan v konkrétnich vyzkumech skolniho u¢eni a vyucovani® (s.316)
- W.Doyle (1992b, Constructing Curriculum in the Classroom): Dokazuje, ze v USA se dlouho
nahliZelo na kurikulum jako na néco, co je prioritn¢ zalezitosti planovact ve Skolské administrative a
Skolské politice. NeptihliZelo se k tomu, ze kurikulum ,,0ziva‘“ az ve tfid¢, prostiednictvim uciteld,
ktefti jej realizuji - tj. vybérove, individualné odlisné konstruuji. Tady jde o pojeti shodné s koncepci
Krajevského a Lernera

Terminy ,,Kurikuldrni proces*“ a ,,Variantni forma kurikula“ zkoumané z hlediska ,,curriculum
research* a ,curriculum development“ synteticky souviseji jak s variabilitou forem existence
kurikula (vyjadienou soustavami forem existence kurikula SEFC-1 a7 SEFC-5), tak i s pievdadénim
obsahu lidského poznani k adresdatiim edukace (vyjadienym teoriemi , didaktické komunikace* a
wscontent pedagogy“) a s metodami konstrukce a vyjadiovani struktury a sdélitelnosti uciva (a nejen
uciva, ale i dalSich forem existence kurikula, jak o tom svédci piehledy metod SCSM-1 aZ SCSM-5).

Provedené primarni analyza a syntéza (ve vztahu k CRD) a sekundarni analyza a syntéza (ve
vztahu k ,,curriculum research® a ,,curriculum development*) umoziiuji navrhnout provedeni terciarni
analyzy a syntézy, kterd by vyzkum CRD mohla posunout déle.

Ukoly spojené s terciarni analyzou a syntézou lze formulovat nasledujicim zptisobem:
- A-6: Jaké jsou konkrétni mechanismy (zpusoby transformace), jimiz kurikulum prechadzi z jedné
formy existence do druhé
- A-7: Jak lze popsat souhrn téchto mechanismii (zpusobii transformace), jak popsat pristup ke
kurikulu jako variantnimu fenoménu
- A-8: Jak vybrat vhodné formy existence obsahu vzdelavani (formy existence kurikula), aby bylo
mozné splnit tikoly A-6 a A-7
- A-9: Jak konstruovat a vyjadirovat vybrané formy existence kurikula
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S3) Provedeni terciarni analyzy a sekundarni syntézy v ramci ptiivodu termini ,,Kurikularni
proces a ,,Variantni forma kurikula*

Vysledky terciarni analyzy a syntézy lze vy¢ist z prace P.Zaskodného (2008, Kurikularni proces
fyziky. In: Educational and Didactic Communication 2008. Bratislava: Didaktis) a z praci P.Tarabka a
P.Zaskodného (2007-2008abc). Dosazené vysledky se také opiraji o Uvod I (Struktura kurikuldrniho
procesu fyziky) a o Céast C (Konstrukce a vyjadiovani variantnich forem kurikula) predkladané knihy.

Vysledky terciarni analyzy a syntézy o ptivodu termint ,,Kurikularni proces* a ,,Variantni forma
kurikula® 1ze shrnout prostfednictvim odpovédi na otazky polozené v ramci ukoltt A-6 az A-9.

S3-1. Konkrétni mechanismy (zpusoby transformace), jimiZ kurikulum piechazi z jedné
formy existence do druhé

Konkrétni mechanismy (zplsoby transformaci) jako vysledky ukolu A-6 jsou dany

transformacemi T' az T° didaktické komunikace fyziky (a zfejm& nejen didaktické komunikace
fyziky). Tyto transformace jsou teoreticky i prakticky podlozeny splnénim ukolt A-3 (viz soustavu
forem existence kurikula SFEC-5) a A-4 (viz teorie ,,didaktické komunikace™ a teorie ,,content

pedagogy®).

Transformace 7' transformuje pomoci vhodného transformacniho faktoru ,,Védecky systém
fyziky* na ,,Sdélitelny védecky systém fyziky*.

Transformace T transformuje pomoci vhodného transforma&niho faktoru ,,Sdélitelny védecky
systém fyziky* na ,,Didakticky systém fyziky*.

Transformace T° transformuje pomoci vhodného transformacéniho faktoru ,,Didakticky systém
fyziky*“ na ,,Vyukovy projekt fyziky* a na ,,Pfipravenost ucitele na vyuku fyziky*.

Transformace T transformuje pomoci vhodného transformacniho faktoru
a prostiednictvim vyucovani a ucéeni ,,Vyukovy projekt fyziky“ a ,,Pfipravenost ucitele na vyuku
fyziky*“ na ,,Vystupy fyzikalni edukace®.

Transformace T’ transformuje pomoci vhodného transformacniho faktoru
a prostfednictvim uplatnéni v praxi ,,Vystupy fyzikalni edukace” na ,Aplikovatelné vystupy
a efekty fyzikalni edukace*

S3-2. Popis souhrnu zpusobu transformace mezi formami existence kurikula jako popis
pristupu ke kurikulu jako variantnimu fenoménu

Popis pristupu ke kurikulu jako variantnimu fenoménu (popis souhrnu zptisobu transformace mezi
formami existence kurikula) jako vysledek tikolu A-7 je dan zavedenim terminu ,.kurikularni proces®.
Kurikularni proces je posloupnosti transformacné na sebe navazujicich forem existence kurikula
pomoci transformaci T "ar T, Jedinym nekurikularnim prvkem této posloupnosti je védecky
systém fyziky.

Zavedeni terminu ,kurikularni proces® je implicitné podloZeno splnénim ukolti A-3 (viz soustavy
forem existence kurikula SFEC-1 a SFEC-2 a ivahy o transforma¢nim propojeni jednotlivych forem
existence kurikula) a A-4 (viz teorie ,,didaktické komunikace* a teorie ,,content pedagogy*).

Funkci struktury takto definovaného kurikularniho procesu fyziky lze vymezit nésledujicim
zplusobem:

Didakticka komunikace fyziky, vypracovand a popsand jako sled transformaci T "a; T° fyzikalniho
poznatku, neni na souhrnu vstupii a vystupu jednotlivych transformaci ni¢im jinym neZ
posloupnosti na sebe navazujicich forem existence kurikula.

Prvky struktury takto definovaného kurikularniho procesu fyziky lze vymezit nasledujicim
prehledem 6 forem existence kurikula:

- Prvni forma existence kurikula: Sdélitelny védecky systém
- Druha forma existence kurikula: Didakticky systém fyziky
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- Treti a ctvrta forma existence kurikula: Vyukovy projekt fyziky a Pripravenost ucitele na vyuku
- Pata forma existence kurikula: Vystupy fyzikalni edukace
- Sestd forma existence kurikula: Aplikovatelné vystupy a efekty fyzikalni edukace

S3-3. Vybér vhodnych forem existence obsahu vzdélavani (forem existence kurikula)

Vybér vhodnych forem existence kurikula jako vysledek ukolu A-8 je obsahové dan prehledem
Sesti forem existence kurikula.

Terminologicky byl vzhledem k piistupu ke kurikulu jako variantnimu fenoménu nahrazen termin
,.forma existence kurikula“ terminem ,,variantni forma kurikula“.

Dalsim terminologickym vysledkem tukolu A-8 byl vybér vhodnych ndzvi jednotlivych
variantnich forem kurikula. Zde bylo vyuzito pfedevsim splnéni ukolu A-3, na jehoz zakladé byla
provedena nejen komparace soustav forem existence kurikula SFEC-1 az SFEC-5, ale také dalSich
komparativnich zdroja (viz P.Tarabek, P.Zaskodny, 2007-2008abc).

Nazvy variantnich forem kurikula jsou uvedeny v nasledujicim ptehledu:
- Sdelitelny vedecky systém fyziky - Konceptualni kurikulum (Conceptual Curriculum CC)
- Didakticky system fyziky - Zamyslené kurikulum (Intended Curriculum IC)
- Vyukovy projekt fyziky - Projektové kurikulum (Projected Curriculum PC)
- Pripravenost ucitele na vyuku - Implementované kurikulum-1 (Implemented Curriculum-1 ImC-1)
- Vystupy fyzikalni edukace - Implementované kurikulum-2 (Implemented Curriculum-2 ImC-2)
- Aplikovatelné vystupy a efekty fyzikalni edukace - Dosazené kurikulum (Attained Curriculum AC)

Transformace 7' (komunikaéni transformace) pak transformuje pomoci vhodného
transformacniho faktoru ,,Védecky systém fyziky* na ,,Konceptualni kurikulum®,

Transformace 7> (obsahova transformace) transformuje pomoci vhodného transforma&niho
faktoru ,,Konceptualni kurikulum® na ,,Zamyslené kurikulum®.

Transformace 7° (kurikularni transformace) transformuje pomoci vhodného transforma&niho
faktoru ,,Zamyslené kurikulum® na ,,Projektové kurikulum* a na ,,Implementované kurikulum-1¢.

Transformace T* (edukaéni transformace) transformuje pomoci vhodného transforma¢niho
faktoru a prostfednictvim vyucovani a uceni ,,Projektové kurikulum* a ,,Implementované kurikulum-
1“ na ,,Jmplementované kurikulum-2*.

Transformace T° (aplikaéni transformace) transformuje pomoci vhodného transformaéniho
faktoru a prostiednictvim uplatnéni v praxi , Implementované kurikulum-2“na ,,Dosazené kurikulum®.

Struktura kazdé variantni formy kurikula je tvofena tfemi substrukturami:

1.substruktura: Smysl a pojeti variantni formy kurikula,
2.substruktura: Soustava cilt variantni formy kurikula,
3.substruktura: Pojmové-poznatkovy systém variantni formy kurikula.

Lze pfipomenout, Ze napf. pojmové-poznatkovy systém zamysleného kurikula je podroben fadé
vyzkumt a je spojen s terminem ,,uc¢ivo®.

Bude-li vzato vavahu také pé&t faktord transformaci T' az T°, 6x3=18 substruktur
6 variantnich forem kurikul, je ziejmé, ze pii vyzkumu kurikularniho procesu jako celku bude
zapotiebi fesit 23 dil¢ich problémi

S3-4. Metody konstrukce a vyjadiovani variantnich forem kurikula

Metody konstrukce vybranych forem existence kurikula (tj. Vybranych 6 variantnich forem
kurikula) jako vysledek ukolu A-9 je dan jednak skupinou metod modelovani pfenosu fyzikalniho
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poznani, jednak skupinou metod modelovani strukturypojmt a jejich kognitivni tirovné. Obé skupiny
metod se také zabyvaly otazkou vyjadfovani variantnich forem kurikula z hlediska “visual data mining
process”.

Prostfednictvim splnéni kolu A-5 ,,Jak konstruovat ,,uc¢ivo jako logické a sémantické struktury* a
jak zajistit sdélitelnost uciva (tj. jak zajistit ,.curriculum development v oblasti uciva)“ byly
komparaci a zobecnénim metod SCSM-1 az SCSM-5 vybrany nasledujici dvé skupiny metod
konstrukce a vyjadiovani (modelovani) variantnich forem kurikula:

Vramci prvni skupiny metod modelovani prenosu fyzikdlniho poznani byly
k vizualizaci variantnich forem kurikula (pfedevsim na zéklad¢ praci P.ZaSkodného v Tardbek,
Zaskodny, 2007-2008abc) pouzity nasledujici metody:

- hierarchické modelovani variantni formy kurikula na zéklad¢ vymezeni rovin poznavaciho procesu
(soubor hierarchicky uspofadanych rovin pozndvaciho procesu byl prvnim stupném vizualizace
variantni formy kurikula)

- analyticko-syntetické modelovani variantni formy kurikula na zakladé pouziti specidlnich pojmovych
a poznatkovych map v podob¢ sitovych grafii vazeb mezi jednotlivymi rovinami pozndvaciho procesu
(druhy stupenl vizualizace variantni formy kurikula)

- maticové modelovani variantni formy kurikula na zaklad¢ uspotfadani podstatnych bodi analyticko-
syntetického modelu do linearni posloupnosti (hlavni diagonaly jako defini¢ni linie matice) napft.
jednotek uciva a jejich obklopeni pojmové-poznatkovymi systémy, vSe v podobé makromatice (v
ramci tfetiho stupné vizualizace variantni formy kurikula)

- mikromaticové modelovani dil¢ich podstruktur makromatice v podobé kvalifikacni
a kvantifika¢nich mikromatic (v ramci tfetiho stupné vizualizace)

V ramci druhé skupiny metod modelovani struktury pojmu a jejich kognitivni urovné byly
ke konstrukci a vyjadfovani variantnich forem kurikula pouzity (pfedevsim na zaklad¢ praci P.Tarabka
v Tarabek, Zaskodny, 2007-2008abc) nasledujici metody:

- trojihelnikové modelovani struktury pojmd na zakladé vymezeni jadra pojmu, smyslu pojmu,
vyznamu pojmu a vazeb mezi témito tfemi strukturnimi prvky

- uroviiové modelovani struktury pojmu, které umoznilo pfi trojihelnikovém i analyticko-syntetickém
modelovani respektovat potieby a moznosti adresati edukace prostfednictvim vymezeni péti
kognitivnich trovni.

S3-5. Terciarni syntéza vysledki terciarni analyzy

Popis vysledka terciarni analyzy dosazenych pfi feSeni ukolit A-6 az A-9 umoznuje synteticky
charakterizovat strukturalni koncepci predmétové ¢i oborové didaktiky, prostfednictvim didaktiky
fyziky. Strukturalni koncepce didaktiky fyziky je dana:

- Vymezenim piedmétu didaktiky fyziky, ktery ¢ini z didaktiky fyziky samostatnou
a svébytnou védeckou disciplinu. Timto piedmétem je kurikularni proces fyziky

- Vymezenim dvou skupin metod konstrukce a vyjadiovani variantnich forem kurikula: Metod
modelovani prenosu fyzikalniho pozniani a metod modelovani struktury pojmu a jejich
kognitivni irovné

- Interdisciplinarni spolupraci didaktiky fyziky predevS§im s eduka¢ni védou (predevSim
s ,curriculum research and development*) a s fyzikalni védou (predev§im pri prevzeti
védeckého systému fyziky a pii jeho transformaci na konceptualni kurikulum fyziky)

- Interdisciplinarni spolupraci s kognitivnimi védami, predevSim v oblasti terminologie
a vytvareni pojmovych a poznatkovych map a siti
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C. Analyticko-synteticky model CRD z hlediska piivodu terminii
»Kurikularni proces* a ,,Variantni forma kurikula*

Analyticko-synteticky model CRD (navrzeny z hlediska objasnéni ptivodu termint ,,Kurikularni
proces® a ,,Variantni forma kurikula) je uveden jako model Mod.1.

Pouzitou vizualizaéni metodou je analyticko-syntetické modelovani struktury védecké
interdisciplinarni oblasti edukacni védy - curriculum research and development (CRD), kterd je
predmétem védeckého badani v edukacni veéde.

Odpovidajici variantni forma kurikula - soucast konceptualniho kurikula edukacni védy a
kurikularniho procesu edukacni védy jako snahy o sdélovani dosazenych vysledka v edukacni véde.
V tomto pfipad¢ je dosazenym védeckym vysledkem popis struktury CRD z hlediska ptivodu terminti
,Kurikularni proces a ,,Variantni forma kurikula“ Je potiebné rozliSovat mezi kurikularnim procesem
fyziky (proces fyzikalni edukace), kurikularnim procesem didaktiky fyziky (proces didakticko-
fyzikalni edukace) a kurikularnim procesem edukacni védy (proces vzdélavani v ramci edukacni
vedy).

V modelu Mod.1 jsou pouzity zkratky, které byly zavedeny v castech S1), S2) a S3) fesSeni (DC -
definice kurikula, PL - filozoficka linie v teorii kurikula, EPL — empiricka a prakticka linie v teorii
kurikula, SFEC - soustava forem existence kurikula, SCSM - struktura a sd¢litelnost u¢iva, A - ukol)

Literatura

Fenclova-Brockmeyerova,J. (1982). Uvod do teorie a metodologie didaktiky fyziky. Praha: SPN

Pricha, J. (2002). Moderni pedagogika. Praha: Portal.

Tarabek, P., Zaskodny, P.(2007a). Educational and Didactic Communication 2007, Vol.1 — Theory. Bratislava, Slovak
Republic: Didaktis, www.didaktis.sk

Tardbek, P., Zaskodny, P.(2007b). Educational and Didactic Communication 2007, Vol.2 — Methods. Bratislava, Slovak
Republic: Didaktis, www.didaktis.sk

Tarabek, P., Zaskodny, P.(2007c). Educational and Didactic Communication 2007, Vol.3 — Applications. Bratislava, Slovak
Republic: Didaktis, www.didaktis.sk

Zaskodny, P. (2005). Survey of Principles of Theoretical Physics (with Application to Radiology), in Czech. Didaktis,
Bratislava, Slovak Republic: Didaktis 2005

Zaskodny, P. (2006). Survey of Principles of Theoretical Physics (with Application to Radiology), in English. Lucerne,
Switzerland, Ostrava, Czech Republic: Avenira, Algoritmus 2006

Zaskodny,P. (2008). Kurikularni proces fyziky (Transformace obsahu vzdélavani ve fyzice) In: Tarabek, P., Zaskodny, P.
(2008) Educational and Didactic Communication 2008. Bratislava, Slovak Republic: Didaktis

164



Educational & Didactic Communication 2008 — P. Zaskodny: Pivod termind ,,Kurikularni proces a ,,Variantni forma
kurikula

Mod.1: Analyticko-synteticky model “Curriculum research and development”

Theory and Practice of Curriculum as Curriculum Research and Development, Assignments A-1, A-2
Implementation of primary analysis and synthesis

A 4 A 4 A 4

Definition of
curriculum (DC)

Philosophical line in theory
of curriculum (PL)

Empirical and practical line in theory of
curriculum (EPL)

y y y

DC-1, DC-2, DC-3 PL-1,PL-2, PL-3 EPL-1, EPL-2, EPL-3, EPL-4

y y y

Choice — DC-3 Solution of A-2:

Choice of practical-construction line within
EPL-1 — EPL-4 aimed at concrete procedures
of selection, structure and content of it what

should be by content of school education
(curriculum development as constructing and
formation of curriculum for purposes of

practice)

General dimensionality of
PL-1-PL-3

A 4 A 4

Solution of A-1: Choice of DC-3 and choice of
general dimensionality of PL-1 — PL-3

A 4

Primary synthesis:

- Useful approach for modern educational science within curriculum research — curriculum is taken as content of
education, curriculum has got several different forms of its existence and it means an approach to curriculum as
to variant phenomenon (J.Pricha)

- Useful approach for modern educational science within curriculum development — development of curriculum
is taken as conversion of content of human knowledge to addressees of education, construction of anybody
curriculum is derived from possibilities of addressees of education and it means to construct especially subject
matter by acceptable methods (W.Doyle, H.Spada, H.Mandl)

- Assignments A-3 — A-5, implementation of secondary analysis and synthesis

A y

Solution A-3 within curriculum research — systems
of forms of curriculum existence (SFEC)

Solution of A-4, A-5 within curriculum development
— theories of conversion of content of human
knowledge, structure and communicability of subject
matter (SCSM)

A

y

SFEC-1, SFEC-2, SFEC-3, SFEC-4, SFEC-5
as solutions of A-3

Theory of educational communication. Theory of
contect pedagogy as solutions of A-4

SCSM-1 — SCSM-5 as solutions of A-5

Secondary synthesis:

- Hypothetical conceptions about variability of curriculum forms are in no way abstract. They are elaborated
both by theoretical way and by empirical way. For example, F.Achtenhagen (1992), W.Doyle (1992b,
Constructing Curriculum in Classroom). Assignements A-6, A-7, A-8, A-9

- Implementation of terciary analysis and synthesis with objective to classify terms “Curricular Process” and
“Variant Form of Curriculum” in the frame of Curriculum Research and Development (on the basis of theories
educational communication and content pedagogy and on the basis of approach to curriculum as variant
phenomenon — J.Brockmeyer, W.Doyle, J.Priicha)
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Abstract

The epidemiological studies analysing the development of the drug scene in the Czech Republic revealed a
rapid increase of the percent of women using habit-forming drugs. The flattening share of men and women using
drugs is an unfavourable marker — 1.9:1 in 2000.

Changes in the drug scene indicates that although there are no inherent regularities within this phenomenon,
its causes, disproportion and specific features of using drugs by women are subjected to independent
understanding.

The research of the European Monitoring Centre for Drugs and Drug Addiction reported that while nearly all
EU Member States and Norway now offer at least one drug treatment unit exclusively for women, or for women
with children, such services remain an exception, and are often limited to major urban centres. As a result, the
majority of women are still assisted through generic services.

Consistent long-term education of dependent pregnant women and mothers is one of the most important
activities of drug treatment units working with these women. Such education should be one of aims of units
designed for this specific group and it should become a part of secondary and tertiary prevention as well.

Key words

Dependant pregnant women/mothers — system of care — education — prevention

I ntroduction

The phenomenon of dependant pregnant women/mothers is quite new in the Czech Republic.
Using of habit-forming drugs was restrained by totalitarian state to a great extend (not completely
eradicated, however) and this situation was also influence by the fact that the territory of today’s
Czech Republic was closed to the surrounding world with the exception of the Eastern Bloc before
1989. The revolution in 1989 and the overthrow of the Communism by the Democratic government
were followed by opening of state boundaries and migration of population so that new pathological
phenomena could occur. The number of drug users increased and foundation of new units and
organizations aimed at helping of this risky group of population occurred as a reaction to this new
tendency.

The number of pregnant drug users also increased. Since the society was not able to deal with this
new problem so that it was necessary to cope with the situation and to improve services of actual drug
treatment units by aiming at the group of dependent drug using pregnant women/mothers.

Today, there are two most important providers of care for drug dependent people aimed at the
above mentioned group of women in the Czech Republic: the citizen-action public SANANIM, one of
the oldest and the biggest non-governmental provider of prevention, care and treatment of dependency
on non-alcohol based drugs, and the Centre of Prevention and Cure of Drug Addictions DROP-IN
0.p.S, registered non-governmental medical centre.

The service of the SANANIM related to dependant pregnant women/mothers is the After-
treatment Centre for mothers with children (further reported as the ATC).

The main aim of the after-treatment programme, based on supporting, counselling, therapeutic and
self-helping activities, is to decrease the risk of a relapse of drug dependency and maintaining and
further development of positive changes that clients managed to achieve before entering the after-
treatment programme. Ambulant after-treatment and the Programme of sheltered housing are
parts of the ATC.
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SANANIM

Partial aims of the programme and education of mothers:

— to help the client to come through common life;

— to aim the process of the after-treatment at searching of the client’s new place in society
related to own housing (own flat/room), job, studying, hobbies (leisure-time activities),
friends, relax (have a good time without drugs), partner relationship;

— to support the independence and self-reliance of the client;

— to support personal growth and finishing the treatment process;

— to help with engagement in the occupational procedure;

— to help with dealing with social and legal problems;

— to create a community where clients are accepted with the possibility of satisfying the need of
social contacts;

— to support reaching personal satisfaction and self acceptance related to personal freedom (I am
not depended on anything and on anybody);

— to learn how to win and loose, how to plan the future (planning and evaluation);

— to offer help in the crisis;

— to offer help to families and friends of clients;

— to help mothers who are clients of the centre to provide and improve the care for their
children.

Specific aims of the sheltered housing programme:
— to allow the client to free from the treatment unit and family and learn her to live on her own;
— to support the development of practical skills related to independent life;
— to offer temporary accommodation in sheltered conditions that would make the transition from
a treatment unit to normal life easier.

Social welfareinstitution (SW1) isalso a part of the SANANIM

This day stay hospital provides care for pregnant women and mothers with children (in the
custody of the mother or other person or institution). The SWI offers the following additional
specialized services:

— dealing with drug problems: counselling, motivation, psychotherapy, prevention of a relapse;

— ambulant and institutional treatment of drug dependency;

— mediation of starting the treatment in the therapeutic community in Karlov;

— mediation of substitution treatment;

— information and education on the influence of drugs in pregnancy;

— mediation of complex health care for pregnant women, mothers and children;

— pregnancy tests (free of charge);

— emotional support and assistance;

— dealing with specific woman questions and intimate relationship counselling;

— support of parental care, child care and development of parental competencies;

— psychological and pedagogical assistance for children or its mediation;

— attendance at the effort to re-gain the custody of child;

— social and legal services;

— counselling on social and legal protection of children;

— counselling on financial problems of a family;

— help and assistance in dealing with institutions and authorities (courts, departments of social

and legal protection of children, maternity hospitals, nursery institutions);
— connection to other services (such as employment agencies) and to network without drugs
(maternal centres);
—  help with connecting the network without drugs;
— basic material help.

In thisingtitution, clients may visit:
— individual counselling and therapy (1-2 times a week);
— three-month stationery intensive treatment;
— family and partner sessions and therapy;
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— motivation group (2 times a week).

Mediation of starting the treatment in the ther apeutic community in Karlov

The therapeutic community in Karlov offers a residential treatment of drug dependency for
mothers with children. The social welfare institution mediates and co-ordinate the starting of treatment
in the community. It administers a waiting list and offers the pre-accession care.

The therapeutic community in Karlov (further referred asTC Karlov)
TC Karlov has been offering a complex treatment and care and social work for dependent mothers
with children and pregnant women since 2001. It is a co-educated institution. '

Basic infor mation about treatment
—  Specific aims for the group of mothers:
o creation of a close relation between a mother and child
accepting the role of a mother
parental and partner education
acquiring basic child care skills
finding and settlement of the maternal role in a primary family or in healthy and
functioning partnership
o acquiring of skills necessary to create a healthy and safe environment for the mother
and child after finishing the treatment
—  Specific aims for the group of children:
o securing loving maternal care during her treatment
o diagnostics of a health state of a child and a guarantee of appropriate treatment if
necessary
o guarantee of appropriate education and development of a child
o guarantee of special care in case of special needs (health or other handicaps)

O 0O 0O

The Centre of Prevention and Cure of Drug Addictions DROP-IN o.p.s

The activity of the centre aimed at pregnant drug users is the Family Centre based on the idea of
the project “Re-socialization of mothers using psychotropic and addictive substances and monitoring
of their children in children’s homes and nursery institutions” established in 2000. The project is
called “Family Integration” currently.

Thisproject isaimed at the following tasks:

- to motivate and educate the target population of pregnant clients or clients with children to
abstain from drugs and to aim the education at the proper care for a new born baby and their
development;

— to help with the stabilization of the health state during pregnancy and later, connected with the
reduction of the influence of drugs or alcohol in the prenatal period, i.e. in the period during
pregnancy and after the birth, when client will already take care of their children;

— to help and assist with the stabilization of difficult social situation, such as assuring of housing
and obtaining social welfare support;

- to develop social skills and orientation in relationships with other people during the
programme and after so that the mother and her partner and other relatives would be able to
provide the child with safe family background.

The above mentioned aims should lead to the most important one that is to allow children of
clients to stay in the care of their mothers if possible. In case when the child stays in children’s or
nursery home, the aim of the DROP-In Centre is motivate the mother to such life style that would
allow her to visit her child if it did not traumatize her child or to help her to re-gain the custody of her
child.

' Svobodova, E.: Socilni prace s téhotnymi drogové zavislymi zenami. Disertaéni prace. Univerzita Karlova
v Praze: Filozoficka fakulta, 2007. (A dissertation thesis on social work with pregnant drug users; Charles
University in Prague: Faculty of Philosophy, 2007)
2 .

Ibid.
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System of care and education of pregnant women/mothers using drugs in
Denmark

Compared to the Czech Republic, there is a long tradition of the care for pregnant women and
mothers using drugs in Denmark under the competency of the health service (Danish Health Office).

The care for pregnant women in Denmark is based on the regulation on Keeping the Life and
Health of woman and child, which is the primary objective. The regulation (1945) related to the care
for pregnant women issued by the Ministry of Health in Denmark highlighted the importance to take
specialized care of women/families with such living conditions or life style that could be connected
with increased risks for the mother and/or child and to such women that could be expected to have
some kind of complications during pregnancy or birth.
The above mentioned regulation further noticed the group of pregnant women with special needs
where the objection of care for pregnant women can be fulfilled only in case of increased attention.

Thehistory of institution taking carefor pregnant women/mothersusing drugs

Familie Ambulatoriet (the Family Centre, further referred as the FC) was established within
hospitals in Hvidovre and Rigshospitalet in 1989 inspired by the Family Center in the United States
founded by Loretta Finnengan, M.D. In 1995, the FC became regular special department of the
Hovedstadens Sygehusfaelleskab hospital in Copenhagen under the management of May Olofsson, the
senior consultant.

The FC is a special department for pregnant women using alcohol or other drugs. This department
is also aimed at children until the start of school attendance. It is a part of gynaecological and
obstetrics department working on the department of neonatology and paediatrics. The team of the FC
department consists of many specialists: doctors, social workers, psychologists, midwives and
secretaries. The FC takes care of the woman for a longer period starting with the recognition of
pregnancy and finishing by the start of school attendance. While a family is registered in the FC, the
team of multidisciplinary specialists is responsible for the family care and further co-operates with the
most important social and health care departments. If possible a family is in the care of the same
doctor and psychologist who took care of the mother during the pregnancy. A social worker co-
operates if necessary.

The importance of the complex care and easy inter-disciplinary team co-operation without any
difficulties is highlighted.

If a woman contacts the RC, a doctor, a midwife, a social worker and a psychologist will be
engaged. The above mentioned specialists will also participate in the education of her. The doctor
educates about the contraception, he or she can prescribe it, offer an abortion or sterilization if
necessary, gives information about breast-feeding and planning and finishing of breast-feeding.

The midwife advises on nutrition, gives a recommendation to the food allowances if necessary,
and explains the negative influence of smoking and drug misuse during pregnancy.

The social worker motivates for treatment or hospitalization and to giving the agreement to contact
the social department or other institution related to health of a mother and child, tries to secure an
appropriate assistance and to keep the family support and can secure a treatment for the father of a
child if necessary.

The task of the social worker is to inform both a patient and the staff of the department of
obstetrics and gynaecology about all details during the hospitalization, to supervise the course of
hospitalization, participate in the education and provide support all the time.

One of the most important primary tasks of the social worker is to create a social anamnesis of a
client. The social worker’s task is to find the client in case that it is impossible to contact her or if she
stops visiting the Family Centre. The social worker is usually the coordinator (“central informational
headquarters”) of the multidisciplinary co-operation. They prepare and call meetings of the
multidisciplinary team, write reports and supervise that conclusions from this meeting are fulfilled and
inform the client. After the birth, they inform the social department and supervise all necessary steps
so that the client and her child could be discharged from hospital without any difficulties. They
continue the co-operation with both parents and with the staff of the department of obstetrics and
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gynaecology as well. All the time, the social worker acts as the coordinator of the interdisciplinary co-
operation.

The role of a psychologist is to intensify the relation of the mother and the child she expects. A
great number of pregnant drug users have only a limited emotional relation to the pregnancy and to the
child. The main task of sessions is to create or intensify the concern of a pregnant woman in moves
and needs of the baby and support her positive feelings about the baby so that the child becomes a
reality.

After the birth, the psychologist supports the relation of the mother and child and evaluates
whether other action is necessary. The psychologist and the doctor are responsible for the following
check-up and for the outcomes given to the social department and other institutions.

The co-operation with the family is important as well. The parents of the mother or her partner
consult with the Family Centre. A two-week hospitalization after the birth is possible with the aim to
support the mother and her treatment and to allow her spending as much time with her child as
possible in order to let her know her child. It is vitally important to provide the woman with maximum
possible care and support. The mother is educated about the contraception, i.e. possibilities of an
intrauterine device or hormonal rods, sterilization or hormonal injections. The woman is also educated
about the breast-feeding, in case when the breast-feeding is possible.

Immediately after the birth, the FC informs the social department. The department of paediatrics
contacts the nurse to inform her when the mother and child are discharged. The FC can do this as well
if necessary. After the discharge the mother is subjected to monitoring and education but the attention
is paid to her child as well in order to identify possible illnesses, deformations and neglecting caused
by drug misuse and to start possible treatment and care as soon as possible to prevent other negative
influences. The first check-up at the paediatrics is usually taken a month after the discharge. Other
check-ups are as follow: in the 3", 6™ and 9" month and 1* year of age. Consequently, there should be
regular check-ups each six months until the age of three and then each year until the age of six or
seven.

Termination of monitoring of a child by the Family Centre

The child ceases the Family Centre with the start of compulsory education, ie, in the age of 6-7
years. With the entry of children into school education, it is important to provide information about the
child to appropriate authorities. The FC will organize a meeting to end the monitoring of the child, this
meeting will be attended by specialist who have been or will be in further contact with the child and
they provide information about the child on his current problems that require special attention in
connection with the start of compulsory education. They discuss the possibility of individual education
and school types. The appropriate type of school is chosen in co-operation of pedagogical and
psychological counselling service, parents or foster parents and the department of social affairs. The
FC ceases to monitor some of the children before the sixth year of life, in rare cases in 3-4 years of
age. These children have no problems or developmental problems caused by drug using mother, and
they live in a stable family. In this case, the FC will inform the Department of Social Affairs about the
end of the monitoring of the child because of the appropriate development without any difficulties.

Conclusion

The aim of the paper was to monitor the education and care for pregnant women and mothers
using drugs in the Czech Republic and to compare it with the Danish system. Compared to the Czech
Republic, the system of care for mothers and their children in Denmark has longer tradition, it is
linked and complex. Great emphasis is placed on the interdisciplinary cooperation. The FC points to
the fact that the treatment of disabled children is very expensive, however, the real cost of the every-
day care can not even be quantified. Therefore, an appropriate intervention and education of risk
groups of women is important in order to minimize the negative influence on the whole society from
the socio-economical point of view.

Due to positive experience with the Family Centre in Denmark, the same model was implemented
in Norway and Sweden. The system of care for dependent pregnant women / mothers still develops in
the Czech Republic. However, there are some treatment units for dependent pregnant women /
mothers. A shift in co-operation with other institutions, which come into contact with these clients, can
be seen. The care system is predominantly a matter of non-governmental organizations and
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associations, with the financial participation of the State such as the Ministry of Labour and Social
Affairs, Ministry of Education, Youth and Sports and the Ministry of Health. Sponsoring organizations
are also financially involved in the co-operation with the above mentioned units.

However, a certain long-term continuity and interdisciplinary co-operation of all professionals
who come into contact with this group of women is necessary. Furthermore, it is necessary to address
the availability of these services, which are currently more concentrated in Imajor urban centres and
last but not least there is the need to recognize that support and consistent monitoring of mothers and
children should continue in the period after the birth.

Pokud ma byt edukace zavislych zen matek Gsp€sna, musi byt spravné zvolen vhodny zptsob didaktické
komunikace, kdy jak uvadi J.Fenclova®, dochazi nejen k pienosu informace, ale i k procesu uéeni. Hledani
optimalniho zpisobu pfenosu informaci vSak u této skupiny Zen mize predstavovat velky problém, vzhledem
k zivotnimu stylu, do néhoz se promita patologicky systém hodnot a postoji téchto zen.

Vytvofeni nového zivotniho stylu, postaveného na zodpovédnych postojich k druhym lidem i k sob&
samotnému, vyzaduje dlouhodoby kontakt s terapeutickym tymem. Edukujici psycholog respektive socialni
pracovnik musi zvladat viechny faze procesu didaktické komunikace. Jak uvadi Z. Kalhous a kol.*, jedna se o
fazi motivacni, ve které je tfeba podnitit aktivitu ke spolupraci. V této fazi je dilezité stanovovat si realné cile -
¢eho chceme pii spolupraci se zenou dosahnout, uvadét piiklady z praxe, zkuSenosti, navodit pratelskou
atmosféru. Neméné¢ diilezita je odbornost a entusiasmus socialniho pracovnika ¢i psychologa.

Ve druhé fazi dochazi k vytvareni védomosti a formovani dovednosti a navykl. Edukované Zeny by méli
porozumét sdélovanym informacim, ziskat ptedpoklady pro osvojeni védomosti, novych dovednosti a navykd.

V posledni fazi oveéfovani vysledkll se zaméfujeme na to, zda-li doSlo k pochopeni nové ziskanych
informaci, jakym zptsobem doslo k jejich osvojeni a zda-li jsou schopny ziskané védomosti, dovednosti a
navyky aplikovat do svého zivota. Terapeut spolecné s klientkou provadeji kontrolu a hodnoceni své spoluprace.
V této fazi, pokud je Gispésna, dochazi u vétsiny Zen k upraveé rodinnych poméri a ziskavaji tak moznost pozadat
o zpétné svéfeni ditéte do vlastni péce. Spoluprace se socialnim pracovnikem vSak v této fazi nekonéi, ale
pokracuje v méné intenzivni formé nadale, hlavné ptetrvava pribézna kontrola klientek a jejich déti v domacim
prostredi.

References

1. Kastnerova, M., Sedlackova, S., Zizkova, B.: Systém pé&e o téhotné uZivatelky drog, drogové zavislé matky a jejich
dgti. Ceské Budgjovice: ZSF JU, 2006. ISBN 80-7040-924-X

2. Olofsson, M.: Péce o t€hotné zeny uzivajici psychotropni latky a o rodiny s drogovymi problémy. In: Veleminky, M.,
Zizkova, B.: Péte o téhotné Zeny uzivajici psychotropni latky v t8hotenstvi. Praha: Triton, 2008. ISBN 978-80-7378-
095-9

3. Svobodova, E.: Socialni prace s téhotnymi drogové zavislymi Zenami. Diserta¢ni prace. Univerzita Karlova v Praze:
Filozoficka fakulta, 2007.

4. Travnickova, L. et al: Specifické aspekty zneuzivani drog u Zen. Praha: Institut pro kriminologii a prevenci, 2001. ISBN
80-86008-92-4

5. DoléCovaci centrum pro matky s détmi. [online], [2009-04-12]. Dostupné z: http:/www.sananim.cz/zarizeni-27-
Dolecovaci-centrum--pro-matky-s-detmi-(DC-MAT)/info.html

6. Terapeutickda komunita Karlov. [online], [2009-04-12]. Dostupné z: http://www.sananim.cz/zarizeni-3-Terapeuticka-
komunita-Karlov-(TKK)/info.html

7. Denni stacionaf — informace pro matky. [online], [2009-04-12]. Dostupné z: http://www.sananim.cz/zarizeni-18-Denni-
stacionar-(DST)/informace-pro-matky.html

8. Evropské monitorovaci centrum pro drogy a drogové zavislosti. Uzivani drog z hlediska gender. ¢. 5, 2006. [online],
[2009-04-12]. Dostupné z: http://www.emcdda.europa.eu/attachements.cfm/att 23088 CS_GenderCS2006Final.doc

3 Fenclova, J.: Uvod do teorie a metodologie didaktiky fyziky. Praha: SPN, 1982.
4 Kalhous, Z. a kol.: Skolni didaktika. Praha: Portal, 2002. ISBN 978-80-7367-571-4

171



Vyvoj fyzikalniho vzdélavani na stfedni Skole

Evolution of Physics Education at Secondary Schools
Oldfich Lepil, Univerzita Palackého, Olomouc, CR

Contribution summarizes research and development in didactic system of physics teaching at
upper secondary school. This development is documented on the changes in national curricu-
lum, plans of instruction and textbooks in the progress of the 20th century. The next develop-
ment of physics education calls for the solving of the problems: 1. Role of science education
in the contemporary (global) society, 2. Relations of physics education to school system,
3. Content and teaching methods of physics instruction.

Uplynulé 20. stoleti bylo v oblasti fyziky a ptirodnich véd vibec obdobim ptevratnych
objevl a symbolicky zacalo v roce 1900 Planckovym objevem kvant zafeni, coz pfedzname-
nalo i vznik nového fyzikalniho obrazu svéta. Neni tedy od véci, polozit si otazku, jak tento
vyvoj ovlivnil fyzikalni vzdélavani, jeho koncepci, rozsah 1 obsah. Jestlize vSak nahlédneme
do pramenti zachycujicich situaci ve Skolstvi pfed sto lety, zjistime, ze problémy, s nimiz se
Skoly potykaly pted sto lety, jsou v podstaté stejné jako ty, na néz narazime v soucasnosti.
Tehdy stejné€ jako dnes zaznivala kritika nedostatku vyucovacich hodin, odtrzenosti vyuky od
potieb praxe i dalSiho studia, nedostateCnych znalosti studentli ptichdzejicich na vyssi stupen
Skoly atd. atd. Neni ovSem cilem postihnou v tomto ptispévku celou §ifi problematiky. Proto
se dale zaméfime jen na vyuku ve vSeobecné vzdélavaci stfedni Skole, Cili gymnaziu, které
v pritbéhu 20. stoleti prodélalo fadu podob a promén.

Didakticky systém fyziky na stiedni Skole a jeho vyvoj

Aniz bychom se pfili$ vraceli do minulosti, miZzeme konstatovat, ze jiz v poloviné 19. sto-
leti silily hlasy volajici po rovnhomérném rozdé€leni klasického a ptirodovédného vzdélani na
gymnaziu. Piesto vSak dominovala vyuka klasickym jazykim a dokonce v roce 1855 byla
ubrana fyzice jedna vyucovaci hodina, kterou ziskala vyuka latiny. Nicméné pokrok se neza-
stavil a projevoval se jak ve struktufe Skolského systému té doby, tak v obsahu a metodach
vyuky. Ve Skolské soustave se to projevilo tak, ze vedle osmilet¢ho gymndzia, jehoz hlavnim
poslanim byla ptiprava pro studium na vysoké skole hlavné univerzitniho typu, zacaly vznikat
také sedmitiidni redlky spiSe praktického zaméteni.

Zakladni informaci o didaktickém systému fyziky na stfedni Skole ndm poskytuji ucebni
osnovy pro gymnazium, v jejichz vyvoji lze identifikovat nékolik charakteristickych etap,
které byly pfedznamenany urcitymi vyraznéjSimi zménami ucebniho planu daného typu Sko-
ly, upravami struktury uciva a inovacemi jeho obsahu. Zvolime-li jako vychodisko naSich
uvah pocatek 20. stoleti, je tieba pfipomenout vyznamnou Upravu zastaralych osnov fyziky,
ktera byla provedena na urovni vys§iho gymnazia a realky v roce 1899 a nasledné¢ vydanim
novych osnov pro niz8i gymnazia v roce 1900. Ucebni plan, kterym byly v téchto osnovach
stanoveny tydenni pocty vyucovacich hodin, ztistal v platnosti bez podstatnych zmén praktic-
ky celou prvni polovinu 20. stoleti. Na vys§im gymndéziu (5. az 8. ro¢nik) se po celou tuto
dobu fyzika vyucovala jen ve dvou nejvyssich tfidach — septim¢ a oktave.

K z4sadni zméné€ doslo az v roce 1953, kdy zanikla osmiletd gymnazia a vznikla tzv. jed-
notna $kola v podobé& jedenactileté stiedni $koly (JSS). Stiedogkolskému vzdélavani v JSS
odpovidala vyuka ve tfech nejvyssich ro¢nicich a ve vSech se také vyucovala fyzika, coz se
projevilo vyraznym nartistem hodinové dotace fyziky v uéebnim planu JSS. V roce 1961 vsak
doslo k oddéleni tii nejvyssich tiid JSS do samostatné vybdrové stfedni $koly s nazvem stied-
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ni vieobecné vzdélavaci skola (SVVS). To viak neznamenalo zasadngj§i zménu v rozsahu ani
v obsahu vyuky, kterou pfinesla az postupna pfeména SVVS na &tyileté gymnazium v roce
19609.

V roce 1976 byl publikovan tzv. ,,Projekt dal§iho rozvoje ¢eskoslovenské vychovné vzdé-
lavaci soustavy“. Na jeho zaklad¢ probihal v letech 1978 — 1984 postupny piechod na novy
vzdélavaci systém, ukonceny vydanim nového Skolského zdkona o soustavé zékladnich a st-
fednich Skol. V ném byl vytvofen prostor pro dalsi zvétSeni hodinové dotace fyziky, kterd
dosdhla maxima v novych osnovach fyziky vydanych v roce 1983.

Spolecenské zmény, které ptinesl rok 1989, zahajily novou etapu vyvoje Skolského systé-
mu, pro ktery je charakteristickd zejména liberalizace cest vzdélavani. Odrazem téchto ten-
denci je pfedevsim moznost jednotlivych skol i ucitelii vyznamnym zplsobem zasahovat jak
do ucebnich plant Skoly, tak do obsahu uciva a jeho uspofddani do didaktického systému.
Tomu odpovidaji i osnovy gymndzia z roku 1999, které jiz nestanovi jednotny a zavazny ob-
sah vyuky, ale vymezuji jen jeho minimalni rozsah pro jednotlivé pfedméty. Soucasné se mé-
ni i formy, kterymi jsou stanoveny minimalni pozadavky na obsah vzdélavani (standardy,
kmenové ucivo, katalog pozadavkl k maturitni zkousce).

V soudasnosti se fyzika stava jednim z predméti $ir$i vzdélavaci oblasti Clovék a piiroda
Réamcového vzdélavaciho programu pro gymnazia (RVP G [1]) a minimalni uc¢ebni plan pro
vSechny predméty této oblasti — fyziku, chemii, biologii, geografii a geologii je RVP stanoven
na 24 hodin. Skute¢nou hodinovou dotaci jednotlivych predméti vSak urcuje az ucebni plan,
ktery je souéasti Skolniho vzdélavaciho programu a kazda $kola si ho pfipravuje samostatng.

Vyvoj u€ebniho planu fyziky na vys$S§im gymnéziu a jemu odpovidajicich ro€nicich vseo-
becné vzdélavaci Skoly je pfehledné shrnut v tabulce 1 (udaje se tykaji rozsahu vyuky na
urovni zakladni vétve vzdélavacich programii).

Tabulka 1
Rok Skola Roénik
5() |62 [73) [8(4) |Celkem

1899 Gymnézium - - 3 3 6
1898 Redlka (sedmiletd) - 4 4 8
1908 Realné gymnéazium - - 3 4 7
1919 Gymnazium - - 4 4 8
1948 Gymndazium 3 4 7
1953 JSS 3 3 5D 11
1961 SVVS 3 3 4 10
1983 Gymnézium 3 3 3 4 13
1990 Gymnéazium 2 2 2 2 8
1999 Gymnézium 2 2 2 R” 6
2006 Gymnazium pY P vy % 24

(RVP G Clovek a piiroda)

1) Vcetné astronomie, kterd byla v u¢ebnim planu jako samostatny pfedmét s dotaci 1 vyucovaci hodina.
2) Hodinovou dotaci urcuje feditel skoly.

3) Vzdélavaci obsah oborti dané vzdélavaci oblasti musi byt zafazen v piislusném ro¢niku.

4) Zatazeni vzdélavaciho obsahu oborti dané vzdélavaci oblasti do roénikti stanovuje SVP.

Poznamka

K tabulce 1 jest¢ uved'me, Ze na gymnaziu (na rozdil od redlky) a pozdéji rovnéz na reformnim realném
gymnaziu byly soucasti osnov fyziky také poznatky chemie. V podstaté to byly zaklady anorganické chemie,
které se vyucovaly ve 2. pololeti VII. ro¢niku. Odtud se odviji pozadavek, aby ucitelska piiprava zahrnovala
dnes malo vyuzivanou aprobacni skupinu predmétt fyzika - chemie.
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Didakticky systém fyziky v osnovach stiedni Skoly

Nejuplnéji lze sledovat rozvoj fyzikédlniho vzdélani na vyvoji struktury a obsahu osnov
fyziky. V této souvislosti je mozné konstatovat, ze jsou témata stiedoSkolské fyziky, ktera 1ze
oznacit za nedilnou soucast vSech vyvojovych etap didaktického systému fyziky a jejich ob-
sah jen nepatrné ovliviiuje Cas. K t€émto tématiim patii pfedev§im Mechanika, kterou se prak-
ticky vzdy na stfedni Skole zacina. Stejné tak 1ze hodnotit téma Mechanické vinéni a akustika,
které¢ v soucasnosti, ve svété zhlceném audiovizualni komunikaci, nachdzime v osnovach fy-
ziky prakticky ve stejné podobé jako pied sto lety, véetné ladicky jako dominantniho zdroje
zvuku. Podobné je na tom i optika, kterd rovnéz nepiekracuje ramec 19. stoleti. Kromé nej-
jednodussi informace o vldknovém svétlovodu, od néhoz se odviji vyznamny technicky obor -
vldknova optika, a zdkladnich poznatktli o principu holografie v podob¢ rozsitujiciho uciva se
zde setkdvame jen s poznatky s vice nez stoletou historii.

Proto 1ze vzajemny vztah fyziky a vyucovani v jejich vyvoji vystopovat nejlépe na ucivu
elektfiny. Velmi ndzorné to ilustruje zavér tématu Nauka o elektfing (viz [2]), kam byly ob-
vykle ptifazovany nejaktualnéjsi poznatky a objevy z této oblasti fyziky, ktera se ve 20. stoleti
rozvijela nejprogresivnéji:

1889
Indukce proudii s poukdzanim na princip energie. Vysvétleni nékterého magnetoelektrického stroje a dynamoe-
lektrického stroje. Elektricky prevod sil. Jiskrovy induktor. Telefon a mikrofon.

1908
... Telefon a mikrofon. Rontgenovy paprsky. Radioaktivita. Telegrafie bez dratu.

1933

... Telefon a mikrofon. Vyboje v plynech. Zateni katodové a paprsky kanalové, elektrony, paprsky Roentgeno-
vy. lonisace plynu. Elektronové lampy a jejich uziti. Elektrické viny. Kmitavy kruh, kruhy spfazené, resonance.
Detektory, radiotelegrafie a radiofonie. Hlavni zjevy radioaktivni.

Staly nartist poznatkli z elektromagnetismu pak ovlivnil 1 strukturu uciva v osnovach a u-
¢ebnicich gymnazia, jak je to patrné z tabulky 2

Tabulka 2
1899 1933
VII. tfida VII. tfida
Mechanika Geomechanika
Nauka o teple Astronomie
Chemie Hydromechanika
VIII. tfida Aeromechanika
Magnetismus Termika
Statické elektfina VIII. trida
Elektrické proudy Nauka o vInéni
Nauka o vlnivém pohybu | Akustika
Nauka o zvuku Magnetismus
Nauka o svétle Nauka o elektiiné
Astronomie Optika

Jiz z uvedené tabulky je zfejmé, jak nariistajici rozsah poznatkli uciva elektfiny nadale od
sebe odsouva akustiku a optiku a v zaveru didaktického systému fyziky se objevuji postupné
nova témata tzv. moderni fyziky, jak je to patrné z dal§iho vyvoje osnov gymnazialni fyziky,
ktery je ve struéném piechledu uveden déle.
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Pi'ehled vyvoje osnov fyziky na stiedni v§eobecné vzdélavaci Skole (gymnaziu) ve 2. po-
loviné 20. stoleti

Osnovy fyziky z roku 1948 (ctytleté gymnazium)

II1. tfida

Uvod. Mechanika. Astronomie. Vlastnosti kapalin a plynii v klidu. Nauka o proudéni tekutin — fyzika letu. Mo-
lekularni vlastnosti. Nauka o vinéni. Akustika. Termika.

IV. tfida

Nauka o magnetismu. Nauka o elektfin€. Nauka o svétle. Nauka o zafeni a stavbé hmoty. Zaklady astrofyziky.

Osnovy fyziky z roku 1953 (jedenactileta stiedni Skola)

9. rocnik

Uvod. Mechanika.

10. ro¢nik

Molekularni fyzika a teplo. Zaklady nauky o vinéni a akustice. Geometricka optika.
11. ro¢nik

Elektfina. Zafeni a stavba atomu.

Samostatny predmét Astronomie.

Osnovy z roku 1961 (SVVS)

1. roénik

Uvod. Mechanika.

2. roénik

Molekulova fyzika a termika. Kmity a vinéni, akustika. Elektiina a magnetismus 1.
3. roénik

Elektfina a magnetismus II. Optika. Stavba atomu. Astronomie. Zaver.

Osnovy z roku 1983 (gymnazium)

1. ro¢nik

Uvod. Formy a pii¢iny mechanického pohybu. Gravitaéni pole. Elektrické pole.
2. roénik

Struktura a vlastnosti latek. Elektricky proud v latkach.

3. ro¢nik

Magnetické pole. Kmitani a vinéni.

4. roénik

Svétlo a zareni. Stavba atomu. Astrofyzika. Fyzikalni obraz svéta.

Osnovy z roku 1990 (Ctyfleté gymnazium)

1. ro¢nik

Uvod. Zaklady mechaniky hmotnych bodii. Gravitaéni pole. Mechanika ota&ivého pohybu tuhého télesa. Me-
chanika kapalin a plynt.

2. roénik

Struktura a vlastnosti latek. Mechanické kmitani a vinéni.

3. roénik

Elektrické pole. Elektricky proud v latkach. Magnetické pole. Stfidavy proud. Fyzikalni zaklady elektroniky.
Elektromagnetické kmitani a vinéni.

4. roénik

Svétlo a zareni. Zaklady specialni teorie relativity. Zaklady fyziky mikrosvéta. Astrofyzika. Fyzikalni obraz
svéta.

Osnovy z roku 1999 (Ctyfleté, popf. osmileté gymnazium)

1. (5.) roénik

Fyzikalni veli¢iny a jejich méteni. Mechanika.

2. (6.) ro¢nik

Molekulové fyzika a termika. Mechanické kmitani a vinéni.

3. (7.) roénik

Elektfina a magnetismus.

4. (8.) ro¢nik

Optika. Specialni teorie relativity. Fyzika mikrosvéta. Astrofyzika. Fyzika v SirSich souvislostech.

175



Jak je patrné z uvedeného ptehledu, zdsadn€j$i zmény ve struktuie didaktického systému
fyziky pfinesly az osnovy gymnazialni fyziky na pocatku druhé poloviny 20. stoleti, v nichz
je zakotveno uspotadani jednotlivych témat v posloupnosti, s niz se setkavame i v souasném
navrhu didaktického systému, jak ho prezentuje Ramcovy vzdélavaci program pro gymnazi-
um (RVP G) [1, s. 26]. Urcitou vyjimku zde tvofi t¢éma Mechanické kmitani a vinéni, které je
v RVP G zatazeno do mechaniky, ackoliv v cel¢ historii vyvoje didaktického systému fyziky
Ceské stfedni Skoly takto fazeno nikdy nebylo a preferovdna byla spiSe vazba na akustiku
a optiku, pro které bylo mechanické kmitani a vinéni obecnym vychodiskem. Z uciva elektti-
ny byly také vyClenény poznatky z atomové a jaderné fyziky do samostatného tématu, coz
odraZelo pozornost, kterd byla od 50. let 20. stoleti upiena k technologickému vyuziti §t€pné
reakce uranu a dalSich poznatkl fyziky mikrosvéta. V 60. letech 20. stoleti pak didakticky
systém zacinaji ovlivilovat modernizacni snahy ve fyzice, coZ se projevuje napf. zafazenim
zakladnich poznatkt specialni teorie relativity nebo vét§im dirazem na stézejni poznatky, na
nichz je zaloZena kvantové fyzika.

V ucivu elektromagnetismu naopak dochazi k ur¢itym redukcim uciva, které se tykaji napf.
poznatkil z elektrostatiky nebo praktickych aplikaci, jejichz prakticky vyznam s vyvojem
techniky poklesl (napf. poznatky o nékterych tocivych elektrickych strojich, jako je dynamo
nebo komutatorovy elektromotor na stejnosmérny proud). Tyto redukce byly nutné také proto,
aby se nasel prostor pro zcela nové poznatky o vedeni elektrického proudu v polovodi¢ich
a jejich praktickém vyuziti. U¢ivo o polovodicich je také nejvyrazné&j$im zdsahem do didak-
tického systému uciva elekttiny, které¢ bylo poprvé ucebnicové zpracovano v r. 1965 a prodé-
lalo zna¢ny vyvoj, ktery s ohledem na bouflivy rozvoj polovodi¢ové elektroniky stale probiha.

Nejvétsi odchylku od klasického usporadani uciva znamenaly osnovy z roku 1983, jejichz
ptiprava zacala ve 2. polovin¢ 70. let 20. stoleti v souvislosti s celkovou ptestavbou Skolské
soustavy. V tomto obdobi také dosdhla maxima hodinova dotace fyziky na stfedni Skole (viz
ucebni plan z roku 1983 v tabulce 1). Tim byl vytvofen nejen vétsi prostor pro modernizaci
obsahu zarazenim novych, popf. prohloubenim obsahu tradi¢nich témat uciva, ale doslo
1k vyraznym zméndm ve struktuie didaktické soustavy. To se projevilo napi. vytvofenim in-
tegrovanych poznatkovych soustav jednak v ucivu o silovych polich (gravitacni a elektrické
pole), jednak v u¢ivu o mechanickém a elektromagnetickém vInéni. Pfizniva hodinova dotace
umoznila také realizaci systému teoretickych a laboratornich cviceni, pro néz byla v u¢ebnim
planu vymezena jedna tydenni hodina v délené tiidé. Kromé povinné ¢asti vyuky fyziky mél
zak moznost prohloubit si fyzikalni vzdélani jesté¢ v nepovinném piedmétu cvicenich ve vSech
ro¢nicich Ctyflet¢tho gymnézia a v poslednim roce studia mohl navstévovat volitelny seminat
a cviceni v jednom z péti zaméieni (Vybrané kapitoly z fyziky, Fyzika a technika, Fyzika
hvézd a vesmiru, Fyzika pevnych latek a Fyzika a filozofie).

Ucebni plan a osnovy z roku 1983 tvorily zaklad rozsdhlého projektu, ktery byl postupné
realizovan aZz do konce 80. let. I kdyz byl velmi kvalitn€ ptipraven a opiral se napt. o vyzku-
mem ovéiené u¢ebni materialy, nesl znaky tehdejsi Skolské politiky, kterou charakterizovala
jedina alternativa feSeni didaktického systému vyuky. To vyvolalo prakticky hned po spole-
censkych zménach v roce 1989 znacnou kritiku ucitelské verejnosti, kterd nepfijala zejména
nekteré vyraznéjsi zadsahy do tradicni struktury uciva v podobé zminénych integrovanych po-
znatkovych soustav. Soucasné byl nastoupen trend liberalizace Skolské soustavy, kterou cha-
rakterizuje znac¢nd volnost ve volbé vzdélavacich cest. To ve svych disledcich vedlo nejprve
k redukci hodinové dotace fyziky na 2 hodiny tydné (1990) a posléze jen ke stanoveni povin-
né¢ho minimalniho uéebniho planu (1999) a zménam osnov fyziky, které znamenaji do znacné
miry navrat ke klasické strukture didaktického systému. Mozné alternativy ucebnich pland
a individudlni upravy uspotadani uciva na jednotlivych Skolach si pak vyzéadaly i jinou kon-
cepci ucebnic fyziky a vznik souboru tematicky zamétenych ucebnic (viz dale), které uciteli
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poskytuji lep§i moznost sladit vlastni zdméry vzdélavaciho programu s zakiim dostupnymi
ucebnimi materialy.

Zéasadni zmény ve vymezovani didaktického systému piinaseji Ramcové vzdélavaci pro-
gramy a na n& navazujici Skolni vzd&lavaci programy, jejichz vytvateni uklada $kolam Skol-
sky zakon z roku 2004 [3]. Projektovani vyuky je tedy véci samotnych ucitelti na Skoléch,
pficemz pro ucitele je tato ¢innost zcela nova a v pregradudlni vysokoskolské piiprave ucitelt
na vysokych Skolach se nové objevuje teprve v posledni dobé. Proto byl pro uditele pfipraven
tvirci RVP tzv. Manudl pro tvorbu skolnich vzdélavacich programi [4], v némz se konkrétné
uditele fyziky, popt. celého vzdélavaciho okruhu Clovék a piiroda tyka zejména tabulace
ucebniho planu ([4], s. 77] a ptiprava ucebnich osnov ([4] s. 97).

Jiz z ukédzek Skolnich vzdélavacich programu tzv. pilotnich Skol je v§ak patrnd zna¢na riz-
norodost takto zpracovanych osnov, které 1ze v nejednom piipad¢ oznacit i za problematické.
Ve snaze dosahnout urc¢ité kompatibility vytvarenych osnov se soucasnymi uc¢ebnicemi fyziky
pro gymnézia (tematicky soubor ucebnic), popt. v podobé zjednodusené¢ho kursu fyziky
v univerzalng€j$i ucebnici pro stfedni Skoly vydalo nakladatelstvi Prometheus Ptiruc¢ku [5].
V ni jsou zpracovany ndvrhy osnov pro tfi rizné varianty ucebnich planli pro vyssi stupeni
gymnazia: O — optimdlni (u€ebni plan 2 +2 +3 +2), P — primérend 2+2+2+2)a S —
skromna (2 +2+2+0).

Ucebnice fyziky pro gymnazium a jejich vyvoj

Samotné osnovy fyziky nepodavaji dostatecné uplny pohled na didaktickou soustavu uci-
va. Ten lze ziskat spiSe z ucebnicovych textl, z nichz je patrny pfedpokladany rozsah a tro-
ven vykladu jednotlivych poznatkli vymezenych osnovami jen v podobé tematickych celkd,
dil¢ich témat a hesel. Proto je pro posouzeni vyvoje fyzikalniho vzdélavani na stfedni Skole
vhodné ukazat, jak byly v jednotlivych etapach vyvoje didaktického systému konkretizovany
osnovy v ucebnicich. Zdalo by se, Ze neni mozné ve strucnosti prezentovat vSechny ucebnice,
které v prubehu uplynulého stoleti u nds vznikaly. Jestlize se vSak omezime na ucebnice urce-
né pro povinnou vyuku ve vSeobecné zamétené stfedni Skole (gymndaziu), je rozsah ucebnico-
vé tvorby za uvedené obdobi az prekvapivé stru¢ny. V nasledujicim ptehledu jsou uvedeny
ucebnice pouzivané na ¢eskych gymndziich od r. 1911.

vvvvv

Jenista, J. — Masek, B. — Nachtikal, F.: Fysika pro vy$$i gymnasia, dil I. a II. JCMF Praha
1911.

k ok ok
Masek, B. - Jenista, J. — Nachtikal, F. — S’tépdnek]. : Fysika pro vy$si tiidy stiednich skol, dil
I. a II. JCMF Praha 1936.
Devorecky, H. — Smok, M.: Fysika pro vyssi tfidy stfednich $kol, dil I. a II. JCMF Praha 1935
- 36.

vvvvv

Praha 1935.

% %k 3k

Chytilova, M. — Pavlik, B. — Soler, K. — Vlach, B.: Fysika pro tieti tfidu gymnasii, SPN, Praha
1953.

Bélar, A. — Hlavicka, A. — Lehar, F. — Pavlik, B. — Pirko, Z.: Fysika pro ¢tvrtou tfidu gym-
nasii, SPN Praha 1953.
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FYSIKA

* %k %k

Kaspar, E. — Chytilova, M. — Vlach, B.: Fysika pro devaty ro¢nik, SPN, Praha 1958.
Soler, K. — Fuka, J. — Lehar, F.: Fysika pro desaty roénik, SPN, Praha 1958.
Rudolf, V. — Fuka, J. — Hlavicka, A.: Fysika pro jedenacty ro¢nik, SPN, Praha 1958.

YSTRAfrysia [PYsikA

PRO DEVATY POSTUPNY| |8 o i ;
Kbt L PRO DESATY ROCNIK PRO JEDENACTY ROCNIK

10 11

Marek, J. — Chytilova, M. — Kaspar, E. — Vanysek, V.: Fyzika pro 1. ro¢nik stfedni v§eobecné
vzdélavaci skoly, SPN, Praha 1965.

Vanovic, J. — Sokol, E. — Thern, L. — Vlach, B.: Fyzika pro II. ro¢nik stfedni vSeobecné vzde-
lavaci skoly, SPN, Praha 1965.

Fuka, J. — Klimes. B. — Lepil, O. — Rudolf, V. — Siroky, J. — Vanysek, V.: Fyzika pro II1. ro¢nik
stfednich vSeobecné vzdélavacich skol, SPN, Praha 1965.

(111
FYZIKA

pro 11 roénik
stfedni
vieobecnd
vezdéldvaci
skoly
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Chytilova, M.: Dopln€k k ucivu fyziky pro 1. ro¢nik gymnasia, SPN, Praha 1972.

Vlach, B.: Doplnék k ucivu fyziky pro II. roénik gymnasia, SPN, Praha 1974.

Lepil, O. — Chytilova, M.: Doplnék k ucivu fyziky pro III. ro¢nik gymnasia, SPN, Praha 1973.
Fuka, J.: Doplnék k ucivu fyziky pro IV. rocnik gymnasia, SPN, Praha 1974.

BDPI.!IHKUETW DOPLNEK K UCIVU| IDOPLNEK K UCIVU| IDOPLNEK K UCIVU
MUEYZIRY el s FYZIKYru F! VZ| Y e

Lroénik
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Vachek, J. — Bednarik, M. — Klobusicky, K. — Marsadk, J. — Novdk, J. — Sabo. I.: Fyzika pro

I. ro¢nik gymnazii, SPN Praha 1984.

Svoboda, E. — Bartuska, K. — Banik, I. — Kotleba, J. — Tomanova, E.: Fyzika pro II. ro¢nik
gymnazii, SPN, Praha 1985.

Lepil, O. — Houdek, V. — Pecho, A.: Fyzika pro II. ro¢nik gymnéazii, SPN Praha 1986.

Pisut, J. — Frei, V. — Fuka, J. — Lehotsky, D. — S’irok)?, J. — Tomanova, E. — Vanysek, V.: Fyzi-
ka pro IV. ro¢nik gymnazii, SPN, Praha 1987.

Z ptrehledu vyplyva, Ze se na tvorbé ucebnic fyziky podilely tii generace autori, které se
zejména ve 2. poloviné 20. stoleti navzajem prolinaji, takze v podstaté kontinudlné prechdzi
star§i generace autort az do generace soucasné. Tvorba ucebnic v 1. poloviné 20. stoleti je
t&sné spjata s Jednotou Eeskych matematikii a fyzikt a udebnice vydavané JCMF se na gym-
naziich pouzivaly jesté po roce 1945 az do vydani prvnich povalecnych gymnazidlnich uceb-
nic v roce 1953, kdy prakticky po poloving stoleti dochéazi k zdsadni obméné autorskych ko-
ro¢niky gymndzia, v nichZ se na vys$§im gymnaziu fyzika vyucovala jiz od konce 19. stoleti.
Od vzniku jedenactileté sttedni Skoly se zvétSuje pocet ucebnic pro povinnou vyuku na tii
a po piechodném obdobi, kdy se tifleta SVVS méni na &tyfleté gymnazium, se ukazala potie-
ba vytvoftit ¢tyfi samostatné uc¢ebnice. Nejprve byly ucebnice z roku 1965 upraveny vydanim
tzv. Dopliikkl pro jednotlivé roéniky (1972 - 1974), v nichz byla nové zpracovdna vybrand
témata.
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Koncem 70. let byla v souvislosti s tzv. pfestavbou Ceskoslovenské vzdélavaci soustavy
zahéjena tvorba ucebnic, kterymi se uzaviela etapa spole¢nych ucebnic fyziky pro ceské
1 slovenské stfedni Skoly. V této etapé ucebnicové tvorby také dochéazi k nejvetsi obméné au-
tord a za pozornost stoji i znacny rozsah vyukovych materiala pro vyuku fyziky ve vsech for-
mach (povinnd, nepovinnd, volitelnd). Krom¢ jiz zminénych ucebnic pro 1. az IV. ro¢nik
gymnazia to byly dalsi 4 ucebnice pro nepovinny pfedmét Cviceni z fyziky (hlavnim autorem
vSech ¢tyt uCebnic byl J. Fuka), pét ucebnic pro volitelny seminaf a cviceni s tematickym
zaméfenim: Vybrané kapitoly z fyziky (O. Lepil a kol.), Fyzika a technika (O. Lepil a kol.),
Fyzika pevnych latek (V. Frei), Fyzika hvézd a vesmiru (V. Vanysek), Fyzika a filozofie
(I. Ulehla). Prace na projektu byla uzaviena shrnujici publikaci Pfehled stfedogkolské fyziky
(E. Svoboda a kol.). Je to celkem 14 ucebnicovych text a nova dvoudilnd Sbirka uloh
z fyziky pro gymndzia vytvotena kolektivem autorti pod vedenim V. Koubka.

y SBIRKA ULOH Z FyZIKY [l sBirKA ULOH Z FyZIKY
piehled oA

stredoskolské SO\ 1.DiL
' fyziky S5

pro gymnazia I.DIL

Z ptehledu je také patrny ménici se podil slovenskych autori na tvorbé u¢ebnic urcenych
pro celé byvalé Ceskoslovensko. Jesté udebnice pro jedenactiletou stiedni $kolu vytvofili au-
tofi Cesti, avSak dalsi ucebnice pro stfedni vSeobecné vzdélavaci skolu jiz vznikaly tak, ze dvé
kolektivu vedeném J. Vanovicem (spoluautoii E. Sokol, L. Thern a B. Vlach). Jesté vétsi podil
slovenskych autori nesou ucebnice z 80. let, kdy prakticky na kazdé ucebnici ctyfdilného
souboru pro jednotlivé ro¢niky gymnazia se podilel alespoil jeden slovensky autor. Tvorbu
fidila spole¢na komise pfi Vyskumném tustavu pedagogickém v Bratislavé (komisi vedl nej-
prve D. Lehotsky, pozdé&ji J. Pisut).

Zmény osnov v roce 1990 s podstatnou upravou struktury uciva iniciovaly vytvoieni no-
vych souborii ucebnic, které vznikaly od roku 1993. Soucasnost stiedoskolskych ucebnic
v Ceské republice tedy predstavuji dva ucelené soubory. Je to predev§im osmidilny soubor
vanim uciva. Obsah jednotlivych ucebnic souboru odpovida tematickym celkim osnov fyziky
zroku 1990, resp. 1999 (Mechanika, Molekulova fyzika a termika, Mechanické kmitani
a vinéni, Elektfina a magnetismus, Optika, Specidlni teorie relativity, Fyzika mikrosvéta, Ast-
rofyzika). Pro vyuku na stfednich Skolach (nejen gymnaziich) s mensi hodinovou dotaci a mé-
né naroénym zpracovanim uciva byl vytvotfen dvoudilny soubor uc¢ebnic Fyzika pro stfedni
Skoly I a II. Produkce novych ucebnic se ujalo nakladatelstvi Prometheus, které se jiz svym
nazvem hlasi k tradici ucebnic vydavanych Jednotou ceskych matematiki a fyzikl
v nakladatelstvi stejného jména. I kdyZz v 90. letech doslo k né€kolika dalsim editorskym akti-
vitdm v oblasti stfedoSkolskych uc¢ebnic pro vyuku fyziky, jiné ucelené soubory ucebnich tex-
tii v Cesku zatim nevznikly. Tim se situace ve stiedogkolské vyuce podstatné lisi od vydavani
ucebnic fyziky pro zékladni skolu, kde jiz vzniklo nékolik soubort ucebnic v riznych nakla-
datelstvich.
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Mechanika
Mechanické

kmitani
a vinéni

PRO GYMNAZIA

mikrosvéta

Fyzika

Ugebnice pro gymnézia: Mechanika (autoii M. Bednaiik, M. Sirokd), Molekulova fyzika a
termika (K. Bartuska, E. Svoboda), Mechanické kmitani a vinéni (O. Lepil), Elektfina a mag-
netismus (O. Lepil, P. Sedivy), Optika (O. Lepil), Fyzika mikrosvéta (I. Stoll), Astrofyzika (M.
Machacek)

Fyzika pro sttedni Skoly I a II (autoti O. Lepil, M. Bednarik, R. Hyblova)
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Perspektivy vyvoje didaktického systému stiredoSkolské fyziky

Pro dalsi vyvoj didaktického systému stfedoSkolské fyziky lze povazovat za klicové feSeni
tti hlavnich okruhii problémi. Jsou to:
1. Problémy spjaté s postavenim piirodovédného vzdélani v soudobé spolecnosti.
2. Problémy vztahu fyzikalniho vzdélavani k soucasné Skolské soustave.
3. Problémy obsahu a metod vyuky fyziky.

Prvni okruh problému souvisi s jistym odklonem pozadavkili spolecnosti i zajmu mladé
generace od prirodovédného a zejména fyzikalniho poznavani, které je objektivné velmi na-
ro¢né. Ma-li reflektovat soudobou uroven fyziky jako védecké discipliny, stava se poznavaci
proces velmi abstraktni, zakovi se jevi z hlediska jeho potieb jako neuzitecny a naSe snaha
vytvofit v mysli zaka ptirodovédny obraz svéta konce 20. stoleti se miji uCinkem. Fyzika se
fadi mezi védni obory s vysokym stupném abstrakce, ktery je dan presunem pozornosti fyzika
do oblasti mikrosvéta. Obraz svéta prevazné zprosttedkovavany matematickym aparatem roz-
hodujicim zpiisobem determinuje vSeobecny zpusob piirodovédného mysleni, interpretace
reality a jeji chapani.

V obsahu vyuky fyziky se zejména v souvislosti s modernizaénimi snahami akcentoval
ptistup, ktery chape ucebni predmét fyziku jako jistou transformaci védni discipliny. Vyraz-
nym projevem této koncepce je diiraz na strukturdlni pojeti uciva, které zname jiz ze zakladni
Skoly napt. v podobé¢ interpretace fady makroskopickych, smyslim dostupnych jevi z pozice
jejich Casticové podstaty na urovni pohybu molekul a atomfi. Obdobnym zptisobem je konci-
povano i stfedoskolské ucivo a jiz v 80. letech bylo vénovano pomérné znacné usili vytvoreni
kursu fyziky, ktery nepostupoval ve struktufe uciva od smyslového poznani, ale budoval po-
hled na svét postupem od elementérnich ¢astic smérem k makroskopickym télesim.

Moderniza¢ni hnuti ve fyzice tedy smétovalo k vytvoieni modelu vyuky fyziky, ktery by
1épe odréazel soucasny stav védeckého poznani a Skolska fyzika byla pojimana jako zjednodu-
Seny obraz fyziky jako védy. Cilem se stal Siroce pojaty fyzikalni obraz svéta, na jehoz zakla-
dé by zak spravné chapal dé&je v ptirodé a jejich praktické vyuziti. Nemoznost dosdhnout po-
zadovaného souladu védeckého poznani s didaktickym systémem stfedoskolské fyziky vedl
k urcitému odklonu od tohoto pojeti s tim, Ze ,,fyziku na zdkladnich a stfednich Skolach by-
chom méli prezentovat ne jako slozity a strohy védecky systém, ale jako predmét, ktery popi-
suje a vysvétluje srozumitelnym zpiisobem jevy okolo néas‘ [6].

Ani naplnéni takto zuzeného ramce fyzikalniho vzdélani neni snadné a nardzi pravé na
sloZitost a komplexnost prostfedkli a d€ji vyuzivanych pfi pracovnich ¢innostech i v bézném
zivoté. Zatim co v minulosti ¢lovek pfi praci pouzival nastroje a zafizeni s pomérné jednodu-
chou konstrukci zaloZenou pfevdzné na mechanickych principech, v soucasnosti jsou to hlav-
n¢ elektronickéd zafizeni pracujici s digitalizovanymi informacemi. Ocekavali bychom tedy
jednoduché stroje, k principtim elektronickych pftistrojii, které jsou pracovnimi nastroji sou-
casnosti. AvSak i1 zde jsme svédky urcité stagnace a napt. vyklad polovodica, ktery konéi uci-
vem o bipolarnim tranzistoru a jeho uzitim v zesilovacéi analogového signalu, jiz neodpovida
soucasnym potiebam.

Diraz kladeny v RVP a pii tvorbé SVP na vytvateni kompetenci Zaka naznaceny pohled na
fyzikalni vzdélavani zéka déle méni. Vyzaduje se, aby zak ziskal takové védomosti, doved-
nosti a postoje, které potiebuje pro svlij osobni rozvoj, zapojeni do spolecnosti a ispéSnou
zaméstnatelnost [7]. To tedy znamend jisty odklon od vytvareni védou vybudovaného fyzi-
kalniho obrazu svéta i od koncepce ,,fyziky okolo nds“ k vybéru obsahu a metod vyuky podii-
zenych potiebam zdka a jeho budoucimu postaveni ve spolecnosti. Problémem tohoto pfistu-
pu vsak je optimalni vybér kompetenci a jejich formovani vyukovym procesem tak, aby na-
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znaCené pozadavky byly splnény pro Siroké spektrum spolecenskych zajma a osobnostnich
kvalit jednotlivych zakl. To se tyka zejména gymndzia jako vSeobecné vzdélavaci skoly, kde
je tieba pii tvorbé SVP a osnov fyziky pe¢livé vazit hranici mezi vSeobecnym vzdé&lanim
a odbornym vzdé¢lanim, které bude dale rozvijet navazujici typ Skoly.

V této souvislosti bylo jiz pocatkem 90. let také nastoleno heslo humanizace vzdélavani,
nékdy chybné interpretované jako posileni humanitnich disciplin v uéebnich planech skol na
ukor piirodovédnych predméti. Podstata humanizace, v nasem ptipad¢ fyzikalniho vzdélava-
ni, by méla spocivat v tom, Ze cile vyuky, jeji vécny obsah a pribch by se mél stat integralni
soucasti celkového vzdélani, které by mélo byt ¢loveku blizsi a pottebnéjsi. Jde tedy o to, aby
fyzikalni vzdélavani nebylo feSeno prioritné z hlediska fyziky jako védni discipliny, ale z hle-
diska ¢loveka, jeho objektivnich potfeb a zajmu.

Pti tomto pfistupu se ndm nutné objevi problém stanovit hranice, kam az sah4 takto orien-
tované vseobecné vzdélani ve fyzice, vzdélani tvofici neopominutelnou slozku osobnosti
vzdélaného ¢loveéka, a co uz je vlastné ve fyzice vzdelani odborné, popi. co je jiz specializo-
vanou pripravou pozadovanou napt. uréitym typem skoly a mélo by tedy byt na stfedni Skole
spiSe obsahem diferencované ptipravy zakl s ohledem na ptedpokladané navazujici studium.
Exaktni vymezeni této hranice, které by umoznilo i konkrétni feSeni obsahu vyuky a moznych
redukci uciva, je velmi obtizné a vzdy bude poznamenano mnoha subjektivnimi pohledy, kte-
ré neodstrani ani sebelépe zpracované standardy a soubory obsahovych hesel vymezujicich
tzv. kmenové ucivo.

Soucasné zazniva také kritika, ze fyzika dostatecné nepfispiva k vytvoreni integrovaného
ptirodovédného obrazu svéta, ze se z vyuky vytraceji vzajemné vazby mezi historicky vznik-
lymi vyucovacimi predméty. Zatim co redlny svét se ve své podstaté piilis neméni, méni se
naSe informace o ném, coz vedlo ke vzniku diferencovanych védnich disciplin, z nichz kazda
ma sviij predmét zkoumani. Transformace ziskanych poznatk do obsahu uciva pak preferuje
formovani osobnosti zdka jen v dil¢im a pomérné uzkém ramci vSeobecné, nebo Castéji spise
profesionalni pfipravy, bez t€snéjSich vazeb s ostatnimi predméty, tedy bez vytvareni mezi-
pfedmétovych vztaht, které jsou ptedpokladem vytvoteni ptirodovédného obrazu svéta.

Jestlize bychom si tedy polozili za cil vytvotreni ptirodovédného obrazu svéta jako postup-
ného vysledku rozvoje lidské kultury, mohli bychom najit kli¢ k tomu, jak v omezenych pod-
minkach stfedoskolské vyuky dostat cile formovani osobnosti v§eobecné vzdélaného ¢loveka
konce 20. stoleti. To znamena, Ze s jistym Usilim by se nasly i redukce rozsahu a hloubky jed-
notlivych poznatki tak, aby zak nebyl ptetézovan informacemi, které k tomuto stézejnimu cili
nepftispivaji.

Fyzikalni vzdélavani vSak plni také dalsi cile, které poptipadé mohou stat proti naznace-
nym snaham. Z téchto dalSich cila pfisuzujeme nejvetsi vahu piipraveé pro vstup do navazuji-
ciho ¢lanku skolské soustavy (viz dale).

Druhy okruh problém a jejich feSeni naznacuje jako jednu z moznych cest vyvoje didak-
tického systému integraci piirodovédného vzdélavani. To naznacuje jiz samotny nazev vzdé-
lavaci oblasti v RVP — Clovék a piiroda. Integraéni tendence v piirodovédném vzdélavani se
uplatiiuji fadu let v mnoha zemich a maji ur€itou souvislost se zminénym moderniza¢nim
hnutim v pfirodnich védach. Prvni projekty integrované ptirodovédy vznikaly jiz v 60. a 70.
letech 20. stoleti a predstavuji pfistup, ktery prezentuje koncepce a principy ptirodnich véd
tak, aby vynikla zakladni jednota pfirodovédného mysleni, pojmi a metod poznavani prirody.
Soucasné maji byt potlacovany prekonané nebo nevyznamné rozdily mezi riznymi oblastmi
ptirodnich véd.

Tento netradi¢ni piistup k pfirodovédnému vzdélavani vSak ma jak zastance, tak odptrce,
jejichz argumenty maji svoji vahu a nelze je prehlizet. Nékteré namitky jsou ryze praktického
rdzu a souviseji tfeba s tradici vzdelavani uciteld, jejichz kvalifikace nejCastéji ve dvou disci-
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plinach (popft. v jedné ptirodovédné discipliné v kombinaci s matematikou) je znacnou pie-
kazkou realizace projektl integrovaného ptirodovédného vzdélavani.

Proto se setkavame s koncepcnimi pfistupy nebo i s konkrétnimi projekty, v nichz je uplat-
fovan riizny stupen sepéti jednotlivych disciplin. Je to (viz [8]):

1. koordinovana vyuka,

2. kombinovana vyuka,

3. sjednocena vyuka.

Pti koordinované vyuce, nékdy nazyvané také interdisciplinarni vyuka [9], tvoti jednotlivé
prirodni védy samostatné vyucovaci pfedmeéty, které vSak jsou koncipovany a organizovany
tak, Ze smétuji k témuz cili a vytvareji jednotny obraz svéta. U piirodovédnych predméth se
uplatiiuji obsahové vazby, které mizeme povazovat za reflexi vzajemnych vztahti jednotli-
vych védnich disciplin. Tyto vztahy existuji objektivné a ve vyuce jde hlavné o nalezeni lo-
gickych souvislosti v u¢ivu a jejich didaktické vyuziti. To mize sméfovat k uplatiiovani ob-
dobnych metod a forem vyucovani pfirodovédnych pfedméti, coz oznacujeme terminem me-
todické vazby. Nekteré problémy koordinované vyuky fesi i casové ndvaznosti uciva (casove
vazby) dané pozadavkem, aby urcité poznatky (napf. vylozené v piedmétu fyzika) mohly byt
efektivné vyuzity v jiném prfedmétu (napf. v chemii). Pozadavky na odpovidajici ¢asové vaz-
by ovSem maji vliv na uspofadani uciva v osnovach ucebnich pfedmétli, a mohou se projevit
v u¢ebnim planu (hodinové dotaci) jednotlivych studijnich ro¢nikd.

Kombinovana vyuka znamena v pocatecni fazi sjednocenou vyuku ptirodovédnych pted-
métl, které se v dalsi fazi diferencuji jako samostatné predméty, popft. je postup obraceny. Od
diferencovanych ucebnich predméth se prechazi k jejich sjednoceni, k integraci piirodovéd-
nych poznatkl, které zék ziskal predchazejici vyukou. Pfi sjednocené vyuce pak hranice
ucebnich predmétl mizi a vyuka zacind nékterym obecnym problémem (napfi. stavba hmoty),
ktery fesi vSechny ptirodni védy spolecné.

V ceské Skole se integracni tendence nejdiive prosadily na elementdrnim stupni zékladni
Skoly v pfedmétu Piirodovéda. Ve svété se vsak integrovana piirodovédna vyuka nejrychleji
rozviji na urovni druhého stupné nasi zékladni Skoly. Vyrazny je také trend ptizpisobeni pii-
rodovédnych kurst spoleCenskym potiebam. Jako integracni faktory se objevuji napt. zivotni
prostfedi, vyziva a zdravi lidi a technika. RozSifuje se oblast integrace a kromé fyziky, chemie
a biologie dochézi k integraci s védami o Zemi a vesmiru, s krystalografii, ndmoinictvim
apod. Proces integrace prekracuje i ramec pfirodnich véd napft. reflexi do matematiky a lin-
gvistiky.

Riizny mize byt také piistup k integraci poznatkil jednotlivych ptirodnich véd. Uvedeme
nékteré piiklady (podrobnéji viz [10]):

1. Ptistup z hlediska védeckych pracovnich postupii, ktery je zaloZen na postupném probi-
rani zakladnich védeckych pracovnich postupli, po¢inaje pozorovanim a tfidénim a konce
experimentovanim, projektovanim experimentil a analyzou dat ziskanych experimentalné¢. Pii
téchto Cinnostech se zdk seznamuje se zdkladnimi informacemi o pfirod¢ vlastni Cinnosti
a samostatné ziskdva nové poznatky. Pfitom je kladen dlraz na prostfedky a metody, jimiz
¢lovek nové poznatky ziskava.

2. Pristup tematicky, ktery je aplikovén i v naSich Skolach v podobé projektové vyuky (viz
dale), akcentuje mezipfedmétové vazby, vyuka je zaméfena na konkrétni ucelend témata
a obvykle zasahuje do vice pfirodovédnych, popft. i humanitnich disciplin.

3. Pristup z hlediska wuzitych (technickych) véd klade duraz na piirodovédné poznatky
a jejich utfidéni z hlediska vyrobnich procest a technologii a ¢asto z primyslu v oblasti Skoly.

4. Pristup z hlediska zivotniho prostredi ttidi poznatky o ptirodé podle vztahu ¢loveka
k prostiedi.

5. Ptistup z hlediska pojmoveé struktury je zalozen na hlavnich ptirodovédnych pojmech,
které se postupné buduji a uvadéji do vzajemné souvislosti. Mlze dospét k systémovému pti-
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stupu, ktery je kombinaci pfistupu z hlediska védeckych pracovnich postupti a z hlediska
pojmové struktury.

Diivody pro integraci ptirodovédné vyuky lze podle Fenclové [11] shrnout do tii oblasti.
Do filozofické oblasti spadd skutecnost, ze pfirodni védy maji spole¢né cesty poznédni a Ze
vytvareji védecky obraz ptirody, ktera existuje jako jednotna realita. Do psychologické oblasti
patii argumenty pro racionalizaci procesu uceni. Pro oblast pedagogicko-praktickou je vy-
znamné napft. zvyseni efektivity vyuky a zlepSeni jejiho spojeni s praxi a dennim zivotem.

Dalsim diivodem pro integraci pfirodovédného vyucovani je vytvoieni jednotného obrazu
sveta. K jeho popisu vytvarely ptirodni védy abstraktni koncepce nebo konstrukce, které
umozitovaly vyslovovat obecné platné védecké principy a zdkony. Rada tdchto koncepci se
rychle rozsitila do dalSich véd a védecky pokrok dosel k jejich zobecnéni na vyssi a komplex-
ni Urovni. Napf. koncepce ,,systému®, kterd vznikla a byla zobecnéna jako teorie v biologii
(1938), je pouzivana ve vSech védach. Dalsimi jsou napt. koncepce sila, pole, model, symetrie
a fada dalSich. A pravé ony poméhaji vytvorit moderni a jednotny obraz svéta, v némz se pro-
linaji poznatky jednotlivych pfirodnich véd. Vyznamnym argumentem pro integraci piirodo-
védné vyuky je proces integrace v samotnych ptirodnich védach a vznik fady hrani¢nich obo-
rU.

Z psychologického hlediska je vhodné, aby si zak osvojoval zakladni koncepce, procesy
poznani, poznatky a dovednosti v riznych oblastech védéni se spolecnym cilem. Jen tak mtze
dojit ke skutecnému zobecnéni a soucasné ke schopnosti transferu. Integrované vyucovani
proto usnadnuje proces uceni. Vyuka mize byt soustiedéna na relativné maly pocet zavaz-
nych cilt a poznatk.

Integrovanou vyukou pfirodnich véd ziska skola ¢asové reservy, které miize vénovat mo-
dernim a pestrym vyucovacim metodam. Také aplikace ptfirodnich véd na zékladni problémy
techniky a spole¢nosti miize byt pii integrované vyuce sjednocena.

Jako hlavni cile didaktického systému sméfujiciho ke sjednocenému ptirodovédnému
vzdélavani lze oznacit [12]:

1. chapat povahu ptirodovédného poznéni;
2. spravné aplikovat vhodné ptirodovédné koncepce, principy, zédkony a teorie ve stycich

s Zivotnim prostfedim;

3. uzivat postupy ptirodnich véd pii feseni problém, pii rozhodovani a pti dalSim rozsifovani
znalosti o vesmiru;

4. uskute¢novat kontakt s riiznymi strankami zivotniho prostfedi zptisobem, ktery je kompa-
tibilni s hodnotami, na nichz spocivaji ptirodni védy;

5. vést k porozuméni a usté ke spolecnému usili prirodnich véd a techniky a jejich vzdjem-
nych vztahii, jakozto i jejich vztaht k jinym strankam spole¢nosti;

6. vytvaret v disledku ptirodovédného vzdélani bohatsi, uspokojivéjsi a poutavéjsi pohled na
vesmir a snahu po cely Zivot roz$ifovat toto vzdélani;

7. ¢etné manualni dovednosti, souvisejici s prirodnimi védami a technikou;

8. rozvijet abstraktni mysleni.

Do této skupiny problémil vyznamné zasahuje vzajemny vztah stiedoskolského a nasledu-
jiciho tzv. terciarniho vzdélavani, predevSim na vysokych skolach. Pozadavky téchto Skol do
znaéné miry ovlivituji obsah i realizaci didaktického systému napt. tim, jaké vstupni standar-
dy si jednotlivé vysoké Skoly vymezuji a jakym zpiisobem dosazeni pozadovaného standardu
pti piijimaci zkousce zjistuji. Obvykle pfevazuje pamétni zvladnuti obsahu stfedoskolské
vyuky, které je snadngji méfitelné hromadnou pisemnou zkouskou. Uciteli stfedni Skoly pak
nezbyva nez sméfovat k vybaveni zaka co nejvetsim objemem faktd a jeho schopnost projevit
samostatnost a tvofivost pfi feSeni konkrétnich problému, popt. zvladnuti n¢kterych metodo-
logickych postupii pro fyziku charakteristickych (napt. ovladnuti vybranych experimentalnich
metod) neni v této souvislosti prioritou.
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Treti okruh problému vyplyva ze samotného vyvoje didaktického systému, ktery dosahl
nejvetsi expanze v 80. letech 20. stoleti. Nasledny prudky pokles poc¢tu povinnych vyukovych
hodin vSak nebyl provazen adekvatni redukei u€iva, coz negativné ovlivnilo uplatnéni tako-
vych metod a forem vyuky, jako je problémova vyuka, realizace laboratornich cvic¢eni apod.
Za téchto okolnosti je aktudlni odpoveéd na otdzku, zda chceme realizovat uceleny soustavny
kurs fyziky zahrnujici vSechny zakladni poznatkové okruhy uciva, nebo provedeme jen urcity
vybér poznatkil, které budou zpracovany dilkladnéji a predevsim s omezenym diirazem na
faktografickou stranku uciva, ale s cilem seznamit zaka s vybranymi aspekty metodologie
poznavani ptirodnich jevil s jejich uplatnénim v praxi a s posilenim ndvaznosti jednotlivych
predmétl pti vytvareni ptirodovédného obrazu svéta.

Disproporce mezi rozsahem uciva stiedoSkolské fyziky a casovymi moznostmi uc¢ebniho
planu nedéava piili§ prostoru pro inovace obsahu fyzikdlniho vzdélavani. Na druhé strané je
tteba si uvédomit, Ze fada tradi¢nich poznatki jiz nepfispiva k vytvareni kompetenci odpovi-
dajicich soucasnym predpokladim pro dalsi studium nebo praktické zaméstnani. To si Zaci
¢asto uvédomuji a negativni odpoveéd na otazku ,,K ¢emu mi to bude dobré?** demotivuje je-
jich z4jem o fyzikalni vzdélavani. Reseni tohoto problému neni snadné a lze k nému pfistupo-
vat n€kolika cestami:

1. Vymezenim uré¢itého minima poznatkt tvoticiho jadro stfedoskolské fyziky.

2. Diferencovanym dlrazem na jednotlivéa témata, zdkonitosti a pojmy uciva.

3. Inovacemi tradi¢nich témat s ohledem na soucasny védecko-technicky rozvoj.

4. Sezndmenim Zakl s novymi védeckymi poznatky a s jejich vyuZitim.

5. Vytvatenim komplexnich témat zahrnujicich poznatky z riznych tematickych okruhi

fyziky, popft. dalSich ptirodovédnych disciplin.

Vymezeni nutného minima poznatkd, které by spliovaly cilovy pozadavek vytvoteni fyzi-
kalniho (popft. ptirodovédného) obrazu svéta, je obtizny problém, obvykle fesSeny stanovenim
tzv. zékladniho nebo kmenového uciva. V soucasnosti Ize povazovat za takto vymezené mi-
nimum ocekavané vystupy a ucivo, jak je stanoveno v obsahu vzdé€lavaciho oboru Fyzika
v RVP, ktery je vSak poznamenan snahou o maximalni redukci obsahu RVP a nastavuje tuto
hranici v n¢kterych tématech pfilis nizko.

Jak jiz bylo konstatovano, obsah a struktura didaktického systému fyziky se po mnoho let
zasadnim zpiisobem neméni a pfevazna vétSina poznatkl predstavuje zéklad praktickych apli-
kaci, kde se tyto poznatky vyuZzivaji novym zplsobem a v novych souvislostech. SloZitost
a komplexnost téchto aplikaci znesnadiiuje inovaci tradi¢nich poznatkli a vyklad nékterych
tradi¢nich témat fyziky se stava spiSe vykladem historie fyziky. Naopak nékteré jevy zatazené
v soucasnosti jako rozsifujici u¢ivo nabyvaji na vyznamu jak z hlediska fyziky jako védy, tak
z hlediska technické praxe (napt. Halliv jev, jehoZ studium ptineslo koncem 20. stoleti nové
poznatky ocenéné Nobelovou cenou a ma stéle Sirsi technické vyuziti).

Soucasné s inovacemi tradi¢nich témat uciva fyziky je tieba uvazit, ze se ve fyzice utvareji
nové ucelené okruhy poznatkil, které jsou vyznamné nejen z hlediska fyziky jako védecké
discipliny, ale perspektivni jsou 1 jejich praktické aplikace. Ptikladem takového fyzikéalné
technického oboru jsou tieba nanotechnologie. Poznatky z této oblasti navazuji na trend mo-
derniza¢niho hnuti ve fyzice, které se soustiedilo na inovace stfedoskolské fyziky poznatky
»extrémnich® oblasti jevl v piirodé. To znamena, ze v ucivu fyziky ptibyly poznatky z fyziky
mikrosvéta atomil a subatomarnich ¢astic a megasvéta vesmirnych objektl, nebo jevil spoje-
nych s relativistickymi rychlostmi fyzikalnich objekta.

Mimo pozornost vSak dosud zlstala fada jevil pozorovatelnych ve svété béznych rozmérii
a rychlosti. Pfikladem takovych jevli mohou poznatky napf. z discipliny souhrnné oznatované
jako deterministicky chaos, kam patii jevy vykazujici na prvni pohled nepravidelny, chaoticky
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prubéh, které se vyskytuji se nejen u objektii nezivé ptirody (vyvoj pocasi, turbulentni prou-
déni tekutin, Sum v elektronickych obvodech aj.), ale i v biologickych systémech (nepravidel-
nosti v ¢innosti srdce, rozmnozovani zivych systému, chovani pfirodnich systémt) nebo i
v ekonomice (vyvoj cen) a v zivoté spolecnosti (kolapsy v dopravé a energetice, chovani vel-
kych mas lidi). Pfitom jde o jevy s veelku jednoduchou navaznosti na soucasné stiedoskolské
ucivo a jsou ukazkou myslenkového posunu v interpretaci ptirodnich déji, k nimz lidstvo
dospélo az s moznostmi danymi soudobou vypocetni technikou.

Je nepochybné, Ze perspektivni didakticky systém ovlivni i nové metody a vyukové postu-
py, které vychézeji z moznosti soudobych informacn¢ komunikacnich technologii. Jde o pro-
blematiku ponckud odlisného zaméfeni a nebudeme se jimi v tomto pfispévku zabyvat. M¢li
bychom si vSak dobie uvédomovat limity, které tyto nové technologie pfinéseji. Jako piiklad
uvedeme alesponi rozmach didaktického vyuZzivani informacnich zdroji na internetu, ktery
predstavuje snad nejvyznamnéjsi trend ve vyvoji vyukovych technologii.

Didaktické vyuziti informacnich zdrojii na internetu ma svoje klady, ale 1 zapory. Ke kla-
dim patii aktualnost, rozmanitost, snadna dostupnost pfimo ve vyuce, rychlé vyhledavani
informace, multimedidlni charakter prezentaci, vesmes dobrd formalni a grafickd uroven ma-
terialt, moznost archivace informaci a jejich vyuzivani zédkem i mimo vyuku k samostatnému
dopliiovani a prohlubovéni poznatkl ziskanych ve Skole, nebo pro tvorbu vlastnich tematic-
kych prezentaci. Nezanedbatelnd je i skutec¢nost, Ze se zak uc¢i pracovat s cizojazyCnymi in-
formacemi.

K zaporim didaktického vyuzivani informacnich zdroji na internetu patii prave jejich vel-
ky objem, v némz se zak mlze obtizné orientovat. Pfimé vkladani téchto informaci do vyuky
spolu s pouzitim pocitacem podporovanych technickych prostfedki (napft. interaktivni tabule)
muze také vést k takovému objemu informaci a rychlosti jejich prezentace, Ze informacni tok
ve vyucovaci hodiné bude pro zdka nepfiméfeny. Rliznoroda je rovnéz obsahova nebo i for-
malni uroven prezentovanych informaci. Ty mohou byt vyrazné¢ nad moznostmi zaki urcité
vékové a intelektudlni Grovné, nebo jsou naopak povrchni, na Grovni laické popularizace fyzi-
kalniho poznatku. Je samoziejmé, Ze pfi tak velkém objemu informaci na webu nelze vyloucit
ani chybné informace, nepiiméiend zjednoduseni, pouzivani nestandardni terminologie, po-
vrchni formulace poznatki apod.

Diskutovanym problémem je vztah informaci v tisténé ,,papirové* podobé, predevsim tra-
di¢nich ucebnic, a ve virtualni elektronické podobé. Celkové se ukazuje, Ze moderni technické
prostfedky prezentace ucebnich informaci klasickou ucebnici nenahradi. Pro zaky je stale
snazsi studovat ucivo z tiSténého textu, v némz se rychleji orientuji, ucivo je zde didakticky
1épe propracovano, navazuji na n¢ kompatibiln¢ ukoly pro zaky apod. Je tedy mozné konsta-
tovat, ze moderni vzdélavani by se mélo odehrdvat v systému navzijem vazbami propojenych
objekttl, jimiZ jsou na jedné strané ucitel a zak, a na druhé strané¢ uc¢ebnice a moderni infor-
macni zdroje. Stale nezastupitelnou roli v tomto systému ma ucitel, kterého by moderni in-
formaéné komunikaéni technologie nemély odsoudit jen do role asistenta obsluhujiciho pfi-
sluSnou techniku.

Je tieba si také uvédomit, ze mnohotvarny svét internetu nemiize zcela nahradit realitu pii-
rodovédného poznani, jejimz nejcennéjSim zdrojem je piimé pozorovani ptirodnich jevi, re-
alny experiment a vlastni podil Zadka na zkoumani jednotlivych déji. Sebedokonalejsi animace
nebo pocitatova simulace je jen modelem, ktery se realité¢ vice ¢i méné ptiblizuje. Nem¢li
bychom se nechat zldkat snadnou dostupnosti informacnich zdrojii na internetu do té miry,
aby zak fyziku povazoval za néco neskutecného, co existuje jen ve virtudlni podob¢, a ne za
védu zabyvajici se redlnymi procesy a jejich zékonitostmi s Sirokym vyuzitim v technické
praxi.
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A. Origin of terms ,,Curricular Process* and ,,Variant
Form of Curriculum* (see 3-7)
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Premysl Zaskodny, Milan Hudek
University of South Bohemia
Institute of Applied Economical Studies
Curriculum Studies Research Group

Carl Wieman Science Education
Initiative
WHY NOT TRY A SCIENTIFIC
APPROACH TO SCIENCE EDUCATION?

By Carl Wieman, www.cwsei.ubc.ca

Carl Wieman, recipient of the Nobel
Prize in 2001

Currently Carl Wieman directs Carl
Wieman Science Education Initiative
(cwsei) at the University of British
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Curriculum Research
and Development (CRD)

* Interdisciplinary branch intensive

investigated from sixtieth of past century
(e.g. Educational Science, Physics Education, Physics)

e Curriculum research (CR) — What is
curriculum

e Curriculum development (CD) — How to
construct and to make up curriculum

Answer to questions
»What is CR*, ,,What is CD*

« Search of answers: Definition of Curriculum,
Philosophical line, Practically constructional line

 What is CR: Content of education (it is necessary
to look for forms of existence) E.W.Eisner,
J.Prucha

 What is CD: Conversion of knowledge content
to addressee (it is necessary to look for the ways
of conversion) W.Doyle, H.Mandl, H.Spada,
A.M.Sochor, A.C.Thomas
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What are forms of curriculum
existence
How to convert knowledge content

* J.Prucha (5 forms), IEA-TIMSS
(3 forms), V.V.Krajevskij+1.J.Lerner,

T.J.Shuell (3 forms), J.Brockmeyerova
(5 forms), J.McVittie (3 forms)

 W.Doyle (pedagogicka teorie obsahu
vzdélavani — Content Pedagogy)

J.Brockmeyerova, J.Kotasek (theory of
educational communication)

In detail to systems of forms
of curriculum existence

J.Priucha, F.Achtenhagen — Curriculum as
Variant Phenomenon (5 forms — J.Prucha)

TJ.Shuell — 3 designers of curriculum
(creator of CD, educant, educator)

J.Brockmeyer — Scientific System of P,
Educational System of P, Instructional
Project of P, Results of Instruction,
Applicable Results (5 forms)
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In detail to ways of conversion of
knowledge content to addressee

« Earlier Developing ,,Content Pedagogy*
(W.Doyle) — A.M.Sochor (structural
formulae of subject matter), A.C.Thomas
(matrices), P.Zaskodny (methodology of
creation of physics didactic system)

* Educational (Didactic) Communication of
Physics (not only physics) — succession of
transformations of knowledge pieces

Definition of curricular process - CR

« Kurikularni proces je posloupnosti transformacné
na sebe navazujicich forem existence kurikula
pomoci S transformaci. Jedinym nekurikularnim
prvkem této posloupnosti je védecky systém napr.
fyziky

e Curricular process is a succession
(by transformational way) of back-to-back forms
of curriculum existence
by the help of 5 transformations
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Definition of variant form of
curriculum - CR

* Forma existence obsahu vzdélavani
(forma existence kurikula) se nazyva
,, Variantni forma kurikula“

* The form of existence of education
content (the form of curriculum
existence) 1s termed ,,Variant form of
curriculum*

Selection of curriculum variant
forms (physics education-CR)

Conceptual Curriculum (CC) as Communicable Scientific
System of Physics (by social way, generalized experience
of physical science in the form of solved problem)
Intended Curriculum (IC) as Didactic System of Physics
(by social way, above all, subject matter in the form of
implicitly solved problem)

Projected Curriculum (PC) as Instructional Project of
Physics (curriculum documents, above all, textbook)
Implemented Curriculum-1 (IMC-1) as Teacher’s
Preparation to Instruction (in the head of Educator)
Implemented Curriculum-2 (IMC-2) as Acquired Subject
Matter in the head of Educant (Results of Instruction)

Attained Curriculum (AC) as Applicable Results of
Instruction

193




Curricular process of physics-CR

* Transformation T1 — communication
transformation: Scientific system of physics — CC

 Transformation T2 — contentual transformation:
CC ->IC

* Transformation T3 — projection transformation:
IC — PC, IMC-1

e Transformation T4 — instruction transformation:
PC,IMC-1 — IMC-2

* Transformation TS — applicable transformation:
IMC-2 —- AC

Structure of variant form of
curriculum-CR

* 1.substructure: Interpretation and Conception
of VFC

 2.substructure: System of Objectives of VFC

 3.substructure: Conceptual Knowledge System
of VFC (CKS of VFC)

e 4 substructure: Factor of Transformation from
Previous VFC to Following VFC
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In detail to structure of VFC-CR

e The principle of structure:
Instruction as Mediate Solution of Problems
* Conceptulal Knowledge System of VFC:
Internal CKS or External CKS
« Example of external CKS:
Subject matter as part of Intended Curriculum (result
of transformation T2 and theory of basic subject matter)

« Example of internal CKS:
Acquired subject matter as part of Implemented
Curriculum-2 (result of T4)

* Globally incepted factor of transformation:
System approach, Respecting needs and possibilities of
addressees of education

Quantification of structure of VFC-
CR

Six VFC, three substructures of all VFC:
6x3 substructures for research

Five tramsformations of VFC: 5 global
factors of transformations for research

18+5=23 problems for research

In the works of P.Tarabek, P.Zaskodny: It
has been investigated 9 problems
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Methods of construction and
representation of VFC (1.part) - CD

Methods of structuring and representation
(modelling) of transfer of physics knowledge
(P.Zaskodny):

1.Basic Principle: Instruction as Mediate
Solution of Problems

2. Hierarchical modelling of cognitive structure

3. Analytical-synthetic modelling of cognitive
structure

4. Matrix and micromatrix modelling of cognitive
structure

Methods of construction and
representation of VFC (2.part) - CD

Methods of structuring and representation

(modelling) of transfer shape of physics

knowledge (P.Tarabek):

1.Triangular modelling of concept structure
(core, sense and meaning of concept, sensual
and meaning bonds)

2.Level modelling of concept structure
(readjustment of concept structure to needs and
possibilities of addressees of education)
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Note No.1 to methods - CD

 Cognitive structure as structure of planes of

cognitive process: plane of problem
identification, plane of implementation of
analysis, plane of implementation of
abstraction, plane of implementation of
synthesis, plane of intellectual reconstruction
of investigated problem)

The cognitive structure, interpreted by this
way: It 1s respecting the instruction as mediate
solution of problems

Note No.2 to methods - CD

Level modelling of concept structure — survey
of levels of readjustment of concept structure
to needs and possibilities of addressees of
education:

Primarily empirical level

Scientific empirical level

Parametric symbolic (mathematical) level
Structural level

Formal level
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Structural Conception
of Physics Education

1.Subject of Investigation by Physics Education: Curricular
Process of Physics (association with CR)

2.Two groups of methods of construction and representation
of variant forms of curriculum (association with CD)

3.Cooperation of Physics Education with Educational Science
(on the field of endogenous and exogenous side of
Educational Process) and with Physics (communicable
scientific system of physics)

4.Cooperation of Physics Education with Cognitive Sciences
(cognitive structure, cognitive maps of concepts, etc.)

»Castback®of Structural Conception
of PE

 Why not investigate a curricular process of
chemistry, biology, mathematics, economy, ect. ?
(see works of V.Pavlat, J.Skrabankova,
P.Prochazka, J.van Deursen)

 Why not investigate a curricular process of
physics education? (see works E.Mc Pherson,
J.Brockmeyer, P.Tarabek)

 Why not investigate a curricular process of
educational science? (see works W.Doyle,
P.W.Eisner,J.Prucha,J.Manak,0.Simonik)
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Books and Monographs

from Last Years

Tarabek,P., ZaSkodny,P. (2007-2008a), www.didaktis.sk
Educational and Didactic Communication 2007, Theory.
Tardbek,P., ZaSkodny,P. (2007-2008b), www.didaktis.sk.
Educational and Didactic Communication 2007, Methods.
Tardbek,P., ZaSkodny,P. (2007-2008c), www.didaktis.sk
Educational and Didactic Communication 2007, Applications.

Z4skodny,P. (2005) Survey of Principles of Theoretical
Physics (with Application to Radiology) (in Czech)

Zaskodny,P. (2006) Survey of Principles of Theoretical
Physics (with Application to Radiology) (in English)

Z4askodny,P. (2009 — in print) Curricular Process of Physics

SEGMENTATION of CRD into
CR and CD (step 1)

CR = curriculum as education content in
variant shape (it was found by the help of
1.definitions of curriculum, 2. philosophical
lines)

CD = conversion of knowledge content to
addressee, construction and communicability
of subject matter (it was found by the help of
practically constructional lines)
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REFINEMENT of CR and CD
(step 2)

CR = by transformational way interconnected
forms of curriculum existence (it was found by the

help of SFEC 1 to 5)

CD = conversion of knowledge content via
acceptable ways (it was found by the help of
»content pedagogy* and ,,educational
communication*)

CD = methods of construction and representation
not only subject matter but also all forms of
curriculum existence (it was found by the help of
SCSM 1 to 4)

FINAL SHAPE of CR and CD
(step 3)

CR = transformation T1-T5 of changeover of
among forms of curriculum existence (content
pedagogy, educational communication)

CR = curriculum process as succession (by
transformational way) back-to-back forms of
curriculum existence by the help of T1-TS

CR = the form of curriculum existence is equal to

the variant form of curriculum (selected VFC -
CC,IC, PC, IMC-1,IMC-2, AC)

CD = two groups of methods of construction and
representation (modelling) of VFC
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STRUCTURAL CONCEPTION of
PHYSICS EDUCATION as
EXPRESSION of CRD (step 4)

CR - Curricular process of physics as subject
of investigation by physics education

CD - Cognitive methods of structuring and
modelling of physical knowledge transfer

CD - Cognitive methods of structuring and
modelling of shape of physical knowledge
transfer

CR+CD - Cooperation PE with ES, CS, P, etc.
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