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Summary — Abstrakt

The monograph “Educational and Didactic Communication 2007 is a follow-up to earlier ones of the authors
P.Tarabek and P.ZaSkodny oriented to the development of didactic communication of physics, that is based on the
Brockmeyer’s communicative conception of physics education theory. The monograph has three volumes. The
first volume deals with theory of didactic communication and curricular process of physics, the second one
describes methods of curriculum construction and cognitive analysis in curriculum design. The third volume
involves applications of the theory and the methods in an education.

Monografie ,,Educational and Didactic Communication 2007 navazuje na piedchazejici monografie autorQ
P.Tarabka a P.Zaskodného zamétené na rozvijeni komunikacniho pojeti didaktiky fyziky. Prvni dil monografie se
zabyva teorii didaktické komunikace a kurikularniho procesu, druhy dil metodami strukturace variantnich forem
kurikula a kognitivni analyzou pojmti v kurikuldrnim procesu. Tteti dil obsahuje aplikace teorie a metod ve
vzdélavani.
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a) 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.

The creation of curriculum variant form of physics consists in forming all the three types of models (hierarchical,
analytical synthetic, and matrix , i.e. application of all the three cognitive structural methods of transfer of
physical knowledge) in following four areas:

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 sub-structures with indices CI, O, CKS:
- CC=CC¢ + CCp + CCcks

-IC=1Cq + ICo + ICcks

- PC=PC¢ +PCq + PCcks

- IMC-1=IMC-1¢; + IMC-1g + IMC-1 ks
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- IMC-2= IMC—2CI + IMC-ZO + IMC—ZCKS
-AC= ACCI + ACO + ACCKS

All the transformations T1 to TS5 are created by three sub-transformations CIT1 to CIT5, OT1 to OTS,
and DT1 to DTS5 (DT1 to DTS are known didactic transformations of conceptual knowledge system)

b) New Symbology
The new symbology shape is as follows:

Transformations of Didactic Communication T1 to T5

T'toT’

Subtransformations CIT1 to CITS, OT1 to OT2, DT1 to DTS5

CIT'to CIT®, OT'to OT” , and DT'to DT’

Factors F1 to F5 of transformations T1 to T5

F'toF’

Variant form of curriculum (i-th) — till this time unindicated

VFC'

Conceptual Curriculum CC and Its Sub-Structures CCcj, CCo, CCcxs

CC, CC= CC¢; + CCo + CCcxs (VFC' =VFC,, +VFC}, +VFCls)

Intended Curriculum IC and Its Sub-Structures IC;, ICq, ICcks

IC, IC=1ICcr + ICo + ICcks (VFC? = VFC(, +VFCh +VFClys)

Projected Curriculum PC and Its Sub-Structures PC¢;, PCo, PCcks

PC, PC=PC¢ + PCo + PCcks (VFC* =VFCY +VFC)' +VFC.)
Implemented Curriculum-1 IMC-1 and Its Sub-Structures IMC-1¢;, IMC-10, IMC-1¢ks
IMC", IMC'= IMC¢, + IMC,, + IMCyys (VFC* =VFC +VFC® +VFC.)
Implemented Curriculunm-2 IMC-2 and Its Sub-Structures IMC-2¢;, IMC-2¢, IMC-2ks
IMC?, IMC?= IMC¢, + IMC) + IMClys (VFC* =VFC?, + VFCA +VFCE. o)
Attained Curriculum AC and Its Sub-Structures AC¢;, ACo, ACcks

AC, AC=AC¢ + ACp + ACcxs (VFC® =VFC,, + VFC,, + VFC}y)

Phases of Didactic Communication F0 to F5 — denotation was not changed
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Uvod — zavedeni nové matematické symboliky

Cilem prace je =zavést mnovou symboliku jednak v oznaCovani transformaci T1 az TS5
a subtransformaci SPT1 az SPTS5, CT1 az CT2, DT1 az DTS didaktické komunikace fyziky, jednak v oznacovani
faktorti F1 az F5 transformaci T1 az TS5, jednak v oznaCovani variantnich forem kurikula CC, IC, PC, IMC-1,
IMC-2, AC a také v oznaCovani substruktur variantnich forem kurikula CCgp, CCc, CCpps, ICsp, ICc, ICpps, PCsp,
PCC, PCPps, IMC-ISP, IMC-lc, IMC-lpps, IMC-2SP, IMC-Zc, IMC-2PP5, ACSP, ACC, ACpps.

Index SP oznacoval ,,Smysl a pojeti variantni formy kurikula®, index C oznacoval ,,Soustavu cil variantni formy
kurikula® a index PPS oznacoval ,,Pojmové-poznatkovy systém variantni formy kurikula®.

Puvodni oznaCovani strukturnich prvka strukturalni koncepce didaktiky fyziky bylo pouzivano v 1.dilu
monografie ,,Educational and Didactic Communication, Vol.1. — Theory* (Tarabek, Zaskodny, 2007, [11]) a také
v 2.dilu monografie ,,Educational and Didactic Communication, Vol.2. — Methods® (Tarabek, Zaskodny, 2007a,
[12]).

Navrh nového oznacovani je cestou, kterd umoznuje zavést prvky matematického modelovani struktur variantnich
forem kurikula. To je prokazano predevsim v kapitolach 5.1. a 5.2., v nichZ jsou na zakladé nové symboliky
predlozeny modely jak trojuhelnikové struktury ,,i-t¢ variantni formy kurikula®“, tak také analyticko-syntetické
struktury konstrukce a vyjadfovani ,,i-té variantni formy kurikula®.

Nova symbolika ma nasledujici podobu:

Transformace didaktické komunikace T1 az T5

T'azT’

Subtransformace SPT1 az SPTS5, CT1 az CT2, DT1 az DTS

SPT'az SPT’, CT'azCT’ a DT'az DT’

Faktory F1 az F5 transformaci T1 az TS

Flaz F’

Variantni forma kurikula (i-td) — dosud neozna¢ovana

VFC'

Konceptualni kurikulum CC a jeho substruktury CCgp, CCc, CCpps

CC, CC= CCsp+ CCc+ CCpps (VFC' =VFCy, + VEC}. +VFC},)

ZamySlené kurikulum IC a jeho substruktury ICgp, IC¢, ICppg

I1C, IC=ICsp + ICc + ICpps (VFC? =VFCg, +VFC. +VFCyp)

Projektové kurikulum PC a jeho substruktury PCgp, PCc, PCppg

PC, PC=PCsp+ PCc+ PCpps (VFC** =VFCys + VFCX +VFC35s)
Implementované kurikulum-1 IMC-1 a jeho substruktury IMC-1gp, IMC-1¢, IMC-1ppsg
IMC', IMC'= IMCg, + IMCy + IMC,, (VFC* =VFC® +VFCY +VFC,)
Implementované kurikulum-2 IMC-2 a jeho substruktury IMC-2gp, IMC-2¢, IMC-2pps
IMC? | IMC? = IMCg, + IMCZ + IMC;,s (VFC* =VFCY, +VFC! +VFC3,,)
Dosazené kurikulum AC a jeho substruktury ACgp, ACc, ACpps

AC, AC= ACsp+ ACc + ACpps (VFC® = VFCS, + VFCS +VFCS5)

Faze didaktické komunikace FO az F5 — oznacovani nebylo zménéno
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1. Strukturalni koncepce didaktiky fyziky — nova symbolika

1.1. Didakticka komunikace fyziky a pojmové-poznatkové systémy

Didaktickd komunikace fyziky je cely souvisly proces pfedavani a zprostiedkovani vysledkii a metod fyzikéalniho
poznani do védomi jednotlivcd, ktefi se na vzniku poznani nepodileli, a tim i do spoleCenského védomi
(Brockmeyerova, 1982, [10]). Fyzikalni poznatek prodélava béhem didaktické komunikace nékolik vyraznych
transformaci. Didaktika fyziky musi sledovat celou cestu pfedavani fyzikalniho poznéni a prochazi tak zcela
odlisnymi oblastmi mysleni, zkoumani a vyjadfovani, které zhruba odpovidaji zminénym transformacim
fyzikalniho poznatku. Jsou to zakladni problémové oblasti didaktiky fyziky.

V prvnim dilu monografie ,,Educational and Didactic Communication 2007, Vol.1. — Theory* byl v ¢lanku
»Didakticka komunikace fyziky a jeji struktura™ (P.Tarabek, 2007, [1]) prozkouman vztah mezi fazemi didaktické
komunikace fyziky, transformacemi T 'azT> didaktické komunikace fyziky a formami existence fyzikalnich
pojmové-poznatkovych systému (fyzikalnich PPS).

Pojmy, poznatky, pravidla, zakony, principy v dané védni nebo technické discipliné tvoii systém, ktery ma urcitou
strukturu. Na zaklad¢ praci fady autorti byl P.Tardbkem vybran pro tyto systémy v prvnim dilu monografie
»Educational and Didactic Communication 2007, Vol.l. — Theory* v ¢lanku ,Kognitivne terminy v teorii

didaktickej komunikécie prirodnych vied* (P.Tardbek, 2007a, [2]) termin ,,pojmové-poznatkovy systém® —
v didaktice fyziky pak termin ,,fyzikalni pojmové-poznatkovy systém®.

Fyzikalni pojmové-poznatkové systémy (fyzikalni PPS) 1ze ¢lenit na externi fyzikalni PPS (externi fyzikalni PPS
je vysledek spolecenského poznavaciho procesu) a interni fyzikalni PPS (interni fyzikalni PPS je vysledek
individualniho poznavaciho procesu a lze jej povazovat za mentalni reprezentaci externiho fyzikalniho PPS). Jak
externi fyzikalni PPS, tak interni fyzikalni PPS prochazeji béhem didaktické komunikace fyziky nékolika

formami existence, které spolu souviseji prostiednictvim didaktickych transformaci DT 'aZ DT’ . Didaktické
transformace fyzikalnich pojmové-poznatkovych systémil jsou soucasti transformaci fazi didaktické komunikace
fyziky, fyzikalni pojmové-poznatkové systémy jsou soucasti fazi didaktické komunikace fyziky..

Ptehled transformaci T"'aZz T, didaktickych transformaci DT 'aZ DT”, fazi FO az F5 didaktické komunikace
fyziky a odpovidajicich forem existence fyzikalnich pojmové-poznatkovych systémut byl uveden na zakladeé praci
J.Fenclové-Brockmeyerové, P.Tarabka a P.Zaskodného v prvnim dilu monografie ,,Educational and Didactic
Communication 2007, Vol.l1. — Theory* v ¢lanku ,Didaktickd komunikace fyziky a kurikularni proces*
(Zaskodny, 2007, [3]) nasledujicim zpisobem:

1. Transformace 7' (souvislost s didaktickou transformaci komunikaéni DT ) Systém fyzikélnich teorif jako

védecky systém fyziky (faze FO a védecky fyzikalni PPS jako vstup do transformace D7) — Kognitivni model
fyziky jako védecky systém fyziky z hlediska jeho sdélitelnosti (faze F1 a sdélitelny védecky fyzikalni PPS jako

vystup z transformace DT )

2. Transformace 77 (souvislost s didaktickou transformaci obsahovou DT 2) Kognitivni model fyziky jako
védecky systém fyziky z hlediska jeho sdélitelnosti (faze F1 a sdélitelny védecky fyzikalni PPS jako vstup do

transformace DT’ 2) — Didakticky systém fyziky a jeho ucivo (faze F2 a didakticky fyzikalni PPS jako vystup

z transformace DT'*)

3. Transformace T° (souvislost s didaktickou transformaci kurikularni DT ) Didakticky systém fyziky
a jeho ucivo (faze F2 a didakticky fyzikalni PPS jako vstup do transformace DT } ) — Vyukovy projekt fyziky
a jeho ucebnice, ptiprava ucitele na vyuku (faze F3 a projektovy fyzikalni PPS jako vystup z transformace DT . )

4. Transformace 7" (souvislost s uéenim a poznavanim jako didaktickou transformaci DT 4) Vyukovy
projekt fyziky, vstupni znalosti a zkuSenosti ucicich se, véetné¢ beéznych znalosti, pfipravenost ucitele na vyuku

(faze F3 a projektovy fyzikalni PPS a interni fyzikdlni PPS-1 jako vstup do transformace DT’ 4) — Védomosti,
dovednosti apod. jako vysledky vyuky fyziky (transformace T N je realizovana prostiednictvim Skolni vyuky

fyziky — fize F4 a interni fyzikalni PPS-2 jako vystup z transformace DT*)
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5. Transformace T’ (souvislost s aplikaéni transformaci DT > ) Védomosti, dovednosti apod. jako vysledky
vyuky fyziky (faze F4 a interni fyzikalni PPS-2 jako vstup do transformace DT ) — Aplikovatelné vysledky
vyuky fyziky (faze F5 a aplikovatelny interni fyzikalni PPS jako vystup z transformace DT")

Mezi formy existence externich fyzikalnich PPS lze zatadit védecky fyzikalni PPS (vstup do didaktické
transformace D7), sdélitelny védecky fyzikdlni PPS (vystup z didaktické transformace DT' a vstup do
didaktické transformace DT?), didakticky fyzikalni PPS (vystup z didaktické transformace DT’ a vstup do
didaktické transformace DT") a projektovy fyzikdlni PPS (vystup z didaktické transformace DT a vstup do
didaktické transformace DT*).

Mezi formy existence internich fyzikalnich PPS lze zaradit interni fyzikalni PPS-1 jako soucast piipravy ucitele
na vyuku (vystup z didaktické transformace DT” a vstup do didaktické transformace DT*), interni fyzikélni
PPS-2 jako osvojené udivo v mysli edukanta (vystup z didaktické transformace DT *a vstup do didaktické
transformace DT ) a aplikovatelny interni fyzikalni PPS (vystup z didaktické transformace DT ).

1.2. Kurikularni proces fyziky

V prvnim dilu monografie ,,Educational and Didactic Communication 2007, Vol.1. — Theory* byl v ¢lanku
»Didakticka komunikace fyziky a kurikularni proces* (Zaskodny, 2007, [3]) ucinén pokus o ,,fuzi“ evropské
didaktické tradice a angloamerické kurikularni tradice.

S ptispénim praci predevsim J.Fenclové-Brockmeyerové, P.Tarabka, J.Prichy a J.Manéka ¢lanek ovéfil hypotézu,
ze didakticka komunikace fyziky, vypracovana a popsana J.Fenclovou-Brockmeyerovou jako sled transformaci
T'azT° didaktické komunikace, je na souhrnu vstupd a vystupt jednotlivych transformaci posloupnosti na sebe
navazujicich variantnich forem kurikula:

- konceptualniho kurikula (Conceptual curriculum) jako vyjadieni védeckého systému fyziky z hlediska jeho

sdélitelnosti (vystup transformace T’ ' vstupem do této transformace byl védecky systém fyziky)

- zamySleného kurikula (Intended curriculum) jako vyjadfeni didaktického systému fyziky (vystup

transformace T , vstupem do této transformace byl védecky systém fyziky z hlediska jeho sdélitelnosti)

- projektového kurikula (Projected curriculum) a implementovaného kurikula-1 (Implemented curriculum-1) jako
vyjadieni vyukového projektu fyziky a piipravy uditele na vyuku (vystupy transformace 7' 3, vstupem do této
transformace byl didakticky systém fyziky)

- implementovaného kurikula-2 (Implemented curriculum-2) jako vyjadfeni dosazenych vysledkt vyuky fyziky
v myslich adresatdi fyzikalni edukace (vystup transformace T’ N , vstupem do této transformace byl vyukovy projekt
fyziky)

- dosazeného kurikula (Attained curriculum) jako vyjadfeni trvalé slozky fyzikalniho vzdélani a aplikovatelnych
vysledki vyuky fyziky a uplatnéni trvalé slozky vzdélani v oblasti fyziky (vystup transformace T’ >, vstupem do
této transformace byly dosazené a ohodnocené vysledky vyuky fyziky v myslich adresati fyzikalni edukace).

Hypotézu vyslovenou v ¢lanku ,,Didaktickd komunikace fyziky a kurikularni proces” (Zaskodny, 2007, [3]) bylo
mozno povazovat za zhruba ovéfenou. ,,Jemné;j$i” ovéteni bylo uréité dano prizkumem konstrukce a vyjadfovani
jednotlivych variantnich forem kurikula jako jednotlivych soucasti kurikularniho procesu fyziky (viz 1. az 5. ¢ast
¢lanku autora P.Zaskodného “Konstrukce variantnich forem kurikula” druhého dilu monografie ,,Educational and
Didactic Communication 2007, Vol.2. — Methods*, [12])

Pojem ,,Kurikularni proces fyziky“ byl v ¢lanku ,,Didaktickd komunikace fyziky a kurikularni proces®
(P.Zaskodny, 2007, [3]) definovan jako posloupnost transformacné na sebe navazujicich variantnich forem
kurikula (prvnim a jedinym ,nekurikularnim® ¢lenem této posloupnosti je ,,obsah fyzikdlni védy jako védecky

systém fyziky*, transformaéni ndvaznost odpovidajici transformacim 7T’ 'az T’ didaktické komunikace fyziky je

oznacena Sipkami —):
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Védecky system fyziky — Konceptuadlni kurikulum

Konceptualni 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.

Srovnani forem existence externich fyzikalnich PPS a internich fyzikalnich PPS a variantnich forem kurikula
umoznuje ucinit nasledujici zavery:

a) Sdélitelny védecky fyzikalni PPS je soucasti konceptualniho kurikula

b) Didakticky fyzikalni PPS je soucasti zamyslen¢ho kurikula

¢) Projektovy fyzikalni PPS je soucasti projektového kurikula

d) Interni fyzikalni PPS-1 je soucasti implementovaného kurikula-1

e) Interni fyzikalni PPS-2 je soucésti implementovaného kurikula-2

f) Aplikovatelny interni fyzikalni PPS je soucasti dosazeného kurikula.

1.3. Zakladni rysy strukturalni koncepce didaktiky fyziky

V prvnim dilu monografie ,,Educational and Didactic Communication 2007, Vol.1. — Theory®, byla v ¢lanku
»Strukturalni koncepce didaktiky fyziky*“ (Zaskodny, Brockmeyerova, 2007, [4]) strukturalni koncepce didaktiky
fyziky urcena nasledujicimi polozkami:

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

b) Tii zakladni rysy strukturalni koncepce didaktiky fyziky jsou funkeni, jestlize jsou respektovany faktory
transformaci variantnich forem kurikula.

¢) Interdisciplinarni spolupraci s edukacni védou (pfedevsim aplikace poznatkli z oblasti endogenni a exogenni
stranky edukacniho procesu — viz Simonik, Skrabankova, 2007, [5]) a fyzikdlni védou (pfedevSim transformace

T' védeckého systému fyziky na sdélitelny védecky systém fyziky jako transformace 7' ' védeckého systému
fyziky na konceptualni kurikulum fyziky)

d) Interdisciplinarni spolupraci s dal§imi didaktikami pfirodovédnych Skolnich pfedméti (Physics Education as
a Part of Science Education) a s dal§imi védami, pfedevsim z oblasti socialnich véd a psychologickych véd.

Popsana strukturalni koncepce didaktiky fyziky obsahuje tfi zakladni rysy — Kurikularni proces fyziky (prvni rys),
Strukturaci predavani fyzikalniho poznani (druhy rys) a Strukturaci podoby predavani fyzikalniho poznani (tfeti
rys).

Struktura kurikularniho procesu (prvni zakladni rys strukturdlni koncepce didaktiky fyziky) je dana

transformacemi T'az T’ a vstupy a vystupy z téchto transformaci:

Vedecky systém fyziky — Konceptudalni kurikulum

Konceptualni 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.

Strukturace predavani fyzikalniho poznani (druhy zékladni rys strukturalni koncepce didaktiky fyziky) je
strukturaci feSeni problému (at’ jiz skuteénych problémi nebo problémt zprostfedkovanych edukantim napf. pfi
vyuce). Strukturace feSeni problému je spojena s vybérem vhodnych metod pro modelovani libovolné variantni
formy kurikula. Vybér téchto metod je popsan v prvnim dilu monografie ,,Educational and Didactic
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Communication 2007, Vol.1. — Theory* v ¢lanku ,,Metody strukturace variantnich forem kurikula“ (Zaskodny,
2007a, [6]). Metody modelovani struktury pfedavani fyzikalniho poznani jsou obecné metodami modelovani
struktury feseni problému. Vysledné modely jsou nazyvany modely kognitivni struktury.

Strukturace podoby predavani fyzikalniho poznani (tfeti zakladni rys strukturalni koncepce didaktiky fyziky) je
strukturaci pojmt na odpovidajici kognitivni urovni. Strukturace pojmi na odpovidajici kognitivni Girovni je opét
spojena s vybérem vhodnych metod pro modelovani libovolné variantni formy kurikula. Vybér téchto metod je
popsan v prvnim dilu monografie ,,Educational and Didactic Communication 2007, Vol.1. — Theory* v ¢lanku
»Metody strukturace variantnich forem kurikula® (Zaskodny, 2007a, [6]). Metody modelovani struktury podoby
predavani fyzikalniho poznani jsou obecné metodami modelovani struktury pojmt na riznych kognitivnich
urovnich.

2. Metody modelovani struktury rFeSeni problému
poznavani — shrnuti

Metody modelovani struktury piedavani fyzikalniho poznani jsou obecné metodami modelovani struktury feseni
problémi poznavani. Vysledné modely jsou nazyvany modely kognitivni struktury feSeni problémi poznavani.
Metody modelovani struktury feSeni problémt budou strucné piipomenuty podle prvniho dilu monografie
»Educational and Didactic Communication 2007, Vol.1. — Theory* a ¢lanku ,,Metody strukturace variantnich
forem kurikula® (Zaskodny, 2007a, [6]).

K feseni ukolu ,jak strukturovat feSeni problému“ je zapotfebi se orientovat v terminech ,logicky piistup®
a ,.systémovy pristup”. Respektovani obou termint pii Uspe€sné strukturaci feSeni problému nekdy vyzaduje
splynuti logického a systémového pfistupu.

Logicky pristup obecné ¢leni zkoumany problém na logické prvky (interpretované vlastni symboly) a uréuje
vztahy odvoditelnosti mezi nimi (interpretované nevlastni symboly). Touto cestou je vytvafen metajazyk, ktery
umoziuje modelovat logickou strukturu zkoumaného problému. Vysledkem je model logické struktury v podobé
metajazykového vyrazu. Metajazyk prifazuje metajazykovym vyraztim vyznamy.

Fyzikalni poznatek prodélava béhem didaktické komunikace nékolik vyraznych transformaci. V zajmu uspésné
edukace v oblasti fyziky lze polozit pozadavek, aby vstupy a vystupy do jednotlivych transformaci didaktické
komunikace logickou strukturu mély (tj. aby systémy prvkd napt. u€iva byly propojeny logickymi vazbami).
Rovnéz vstup a vystup transformace didaktické komunikace, ktery vznikl didaktickou a edukaéni adaptaci napt.
védeckych pojmové-poznatkovych systémi by si mél zachovat v zdjmu principu védeckosti pivodni logickou
strukturu, byt’ uzptisobenou potfebam a moznostem edukanta.

Systémovy pristup obecné ¢leni zkoumany problém na strukturni prvky a uréuje vzajemné vazby mezi nimi.
Struktura hledaného systému je charakterizovana funkci struktury. Funkce struktury je zplisob uspotadani
strukturnich prvki, funkce struktury pak popisuje roli strukturnich prvki systému. Model struktury v podobé
sitového grafu znazornuje strukturni prvky a vztahy mezi nimi v souladu s funkci struktury.

Splynuti logického a systémového pristupu pii feSeni problému je splynutim metajazykového vyrazu a sitového
grafu na zdkladé¢ zkoumani vymezeného problému. Funkce struktury bude pfifazovat sitovym grafim stejné
vyznamy jako metajazyk metajazykovym vyraztim. Toto splynuti je mozné pod podminkou, Ze struktura systému
je logicka. Tento pozadavek byl polozen v souladu s principem védeckosti na vstupy a vystupy transformaci
didaktické komunikace.

Vymezeni funkce této struktury spociva ve vymezeni rovin poznavaciho procesu a jejich takové usporadani, aby
byly feSeny nejen védecké problémy didaktiky fyziky, ale aby bylo také rozvijeno fyzikalni mysleni edukantd.
Rozvijeni fyzikalniho mysleni je dano osvojovanim jako feSenim problému zprostfedkovanym ucitelem.

Roviny poznavaciho procesu pfi feseni libovolného problému poznavani jsou identické, at’ jiz jde o skuteéné
feSeni védeckého problému v predmétové didaktice nebo o feseni problému, které napft. pti vyuce zprosttedkovava
edukantim ucitel. V tom je specifikum predmétové didaktiky (a tedy i didaktiky fyziky) jako védniho oboru —
pfedmétova didaktika musi fesit své vlastni védecké problémy a soucésti tohoto feseni je napft. takova prezentace
uciva, kterd umoznuje edukantiim fesit problémy s pomoci ucitele.

Tyto roviny lze vymezit hierarchicky uspotadanymi rovinami:

1. ,,identifikace problému jako vymezeni dosud nepoznané oblasti didaktiky fyziky nebo jako neosvojené oblasti
fyzikéalniho poznani*,
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2. ,,analyza slozité oblasti a jeji roz¢lenéni na diléi ¢asti®,

3. ,,abstrakce jako nalezeni podstaty dil¢ich Casti,

CN73

4. ,syntéza dil¢ich abstrakci jako formulace podstatnych zavéra® a

5. ,,mySlenkova rekonstrukce zkoumané oblasti didaktiky fyziky jako vyfeSeni problému nebo myslenkova
rekonstrukce zkoumané oblasti fyzikalniho poznani jako osvojeni této oblasti edukantem®.

Struktura rovin poznavaciho procesu je nazyvana kognitivni strukturou feSeni probléml poznavani a je
modelovana vhodnymi metodami.

Logicky a systémovy piistup pfi hledani metod modelovani struktury feSeni problému vede k potfebé nalezeni
nékolika typti metod modelovani at’ jiz pii skutecném nebo zprostfedkovaném feseni problému. Pro jednotlivé
metody modelovani lze zavést terminy ,hierarchické modelovani“, ,analyticko-syntetické modelovani®,
,,maticové modelovani‘ a ,,mikromaticové modelovani‘.

Hierarchické modelovani jen tfidi pojmy a poznatky do jednotlivych rovin poznavaciho procesu ,,identifikovany
problému®, ,analytické roz¢lenéni na dilé¢i problémy®, ,,vymezeni podstaty dil¢ich problémid pomoci abstrakce®,
»syntetické formulovani podstatnych zavéru“ a ,,myslenkova rekonstrukce zkoumané oblasti reality”. Model ma
podobu skupin pojmid a poznatkii soustiedénych do jednotlivych rovin pozndvaciho procesu. Zakladnim
operacnim poznatkem skrytym v hierarchickém modelu kognitivni struktury je schopnost ,.tfidéni.

Analyticko-syntetické modelovani jiz hleda vazby mezi pojmy a poznatky jednotlivych hierarchicky usporadanych
rovin poznavaciho procesu. Model ma podobu sitového grafu, na jeho zacatku je ,,identifikovany problém™ a na
jeho konci je ,,vyfeSeny problém ve formé jeho mySlenkové rekonstrukce®. Zakladni operacni poznatky skryté
v analyticko-syntetickém modelu jsou schopnosti ,,analyzovat®, ,abstrahovat a zobecnovat®, ,syntetizovat®
a ,,provadét celkovou myslenkovou rekonstrukei®.

Maticové modelovani je cestou, jak dosazené vysledky feSeni problémi jako jadra feseni problému uspotadat do
vhodné posloupnosti a jak jednotlivé prvky posloupnosti vysvétlit pomoci potfebnych vyznamu a vazeb. Model
ma podobu makromatice s hlavni diagondlou obklopenou pojmové-poznatkovymi oblastmi. Zakladni operacni
poznatek skryty v makromatici je schopnost usporadat dosazené vysledky feseni celé problémové oblasti tak, aby
se staly sdélitelnymi.

vvvvvv

oblasti vhodnymi typy mikromatic. Mezi tyto mikromatice patii kvalifika¢ni mikromatice a Ctyfi typy mikromatic
kvantifika¢nich. Je pravdépodobné, ze pifi zkoumani odliSnych problémovych oblasti (nez tomu bylo v praci
Zaskodny, 2007a, [6]) budou objeveny dalsi typy mikromatic.Zakladni operacni poznatek skryty v mikromatici je
schopnost rozlisit rizna uspotadani dosazenych vysledkt tak, aby se staly sdélitelnymi feSeni dil¢ich problémd.

3. Metody modelovani struktury pojmii na riznych kognitivnich
urovnich — shrnuti

Metody modelovani struktury podoby predavani fyzikalniho poznani jsou obecné¢ metodami modelovani struktury
pojmt na ruznych kognitivnich Grovnich. Vysledné modely jsou nazyvéany trojuhelnikovymi modely struktury
pojmu a uroviiovymi modely struktury pojmu. Metody modelovani struktury pojmt na rdznych kognitivnich
urovnich budou struéné pfipomenuty podle prvniho dilu monografie ,,Educational and Didactic Communication
2007, Vol.1. — Theory* a ¢lanku ,,Metody strukturace variantnich forem kurikula“ (Zaskodny, 2007a, [6]).

Prvni metodou je trojuhelnikové modelovani. Trojuhelnikovy model struktury pojmu zobrazuje jadro pojmu,
smysl pojmu a vyznam pojmu a vazby mezi nimi.

Druhou metodou je Giroviiové modelovani struktury pojmu. Uroviiové modely vychazeji z péti kognitivnich tirovni
které souviseji u jedince s individualnim vyvojem poznani a internich pojmové poznatkovych systémut, nebo
s historickym vyvojem fyzikalniho poznani a externich pojmové poznatkovych systémt. Prehled kognitivnich
urovni je nasledujici:

1. Prvotné empiricka uroven (zkuSenostné empirickd troven),

2. Empiricka troven (védecko empiricka uroven),

3. Parametricko symbolickéd (matematickd) uroven,
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4. Strukturalni aroven,

5. Formalni Groven (aroven formalnich symbolt).

4. Obecny pohled na metody strukturace variantnich forem
kurikula — shrnuti

Obecny pohled na metody modelovani pojmové-poznatkovych systémt bude uveden podle prvniho dilu
monografie ,,Educational and Didactic Communication 2007, Vol.1. — Theory* a jeho ¢lanku ,,Kognitivne terminy
v tedrii didaktickej komunikacie prirodnych vied* (P.Tarabek, 2007, [2]).

Externi pojmové-poznatkové systémy maji svou strukturu, kterou je mozné zjistit a modelovat riiznymi metodami,
napf. vytvarenim siti (networking), strukturovanim textu pomoci kli¢ovych pojmu (concept structuring) a dalsimi
metodami. Systémové-logickou metodou je analyticko-syntetické modelovani (P.Zaskodny).

Interni pojmoveé-poznatkovy systém je Uplnou nebo nelplnou mentalni reprezentaci externiho pojmove-
poznatkového systému daného oboru. Jelikoz jeho skutecna fyzicka podoba neni znama, pro jeho studium je
pouzivano kognitivni modelovani zalozené na poznatcich kognitivnich véd o struktufe externich pojmu, poznatki
a pojmovée-poznatkovych systémi. Bézné pouzivanou metodou kognitivniho modelovani pojmovych systému je
vytvafeni pojmovych map. Tento postup nezavisle na jeho variantich modeluje interni
a externi systémy pojmu vytvairenim pojmovych siti a nezaobira se vnitini strukturou pojmu. Jiné metody, napt.
»concept tree method”, ,,analyza pojmovych struktur-concept prototypes modeluji prevazné systémy pojmu
a vazby mezi pojmy. Vnitini strukturou pojmu se zabyval Vygotskij a na jeho prace navazuji postupy modelovani
pojmu v kognitivni védé orientované na umélou inteligenci. V navaznosti na koncepci Vygotského, koncepty
sémantickych siti a sémantické modelovani pojmi a poznatki byl vytvoren trojihelnikpvy model struktury pojmu
(P.Tarabek). Na zéklad¢ trojuhelnikového modelu pojmové struktury se zacala vyvijet specifickdi metoda
kognitivni analyzy a kognitivni syntézy externich védeckych/odbornych pojmi i jejich mentalnich reprezentaci,
kterd umoznuje konstruovat kognitivni modely struktury externich i internich pojmi — tzv. trojuhelnikové
modelovani pojmové struktury.

Vramei 1. az 5. Casti ¢lanku autora P.Zaskodného “konstrukce variantnich forem kurikula” druhého dilu
monografie ,,Educational and Didactic Communication 2007, Vol.2. — Methods®, [12] byly zvoleny k vybéru
metod modelovani struktur variantnich forem kurikula 2 cesty:

Prvni cesta vySla z metod modelovani struktury feSeni problémii poznavani (at’ jiz skute¢nych problémii nebo
problémi zprostiedkovanych). Tyto metody byly zpracovany jednim ze spoluautord monografie P.Zaskodnym.
Tato cesta byla motivovana predev§im snahou pojmout vyuku jako takové feSeni problémi edukanty, které je
zprostiedkovavano ulitelem. Dal$im motivem bylo respektovat ¢ast definice ,,didaktické komunikace fyziky*:
,»didaktickd komunikace jako souvisly proces piedavani a zprostiedkovani vysledkt a metod fyzikalniho poznani®.
Hierarchické, analyticko-syntetické, maticové a mikromaticové modelovani tuto snahu respektuje. Tato cesta
umoziuje konstruovat i modely feSeni védeckych problémi napt. didaktiky fyziky.

Druha cesta vysla z metod kognitivniho modelovani a je specifictéjsi cestou vedouci k respektovani potieb
edukac¢niho procesu fyziky. Tyto metody byly zpracovany druhym ze spoluautord monografie P.Tarabkem.
Trojihelnikové a uroviiové modelovani struktur didaktickych pojmi je jako strukturace podob piedavani
fyzikéalniho poznani nepostradatelnym partnerem pro strukturaci predavani fyzikalniho poznani.

5. Struktura variantni formy kurikula — cesta k matematickému
modelovani

K tplnému popisu tii zakladnich rysu strukturalni koncepce didaktiky fyziky je potiebné doplnit popis obecné
struktury libovolné variantni formy kurikula. K popisu budou vyuzity prace M.Pasche a kol., 2005, [7],
P.Zaskodného, 1983, [8] a J.Fenclové-Brockmeyerové, 1980, [9].

Struktura variantni formy kurikula je tvofena ¢&tyimi hierarchicky usporadanymi substrukturami
a), b), ¢, d):

a) Smysl a pojeti variantni formy kurikula (ozna¢eni substruktury: index SP)
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b) Soustava cilii variantni formy kurikula (ozna¢eni substruktury: index C)
c) Forma existence pojmové-poznatkového systému variantni formy kurikula (oznageni substruktury: index PPS)

d) Faktory transformace variantni formy kurikula na navazujici variantni formu (oznaceni substruktury: index F)

Jakmile je vymezen smysl a pojeti variantni formy kurikula lze se zabyvat jeho soustavou cilii. Ob¢é substruktury
pak determinuji konstrukci a vyjadfovani tieti substruktury — struktury pojmové-poznatkového systému. Je-li
zkonstruovana a vyjadiena tieti substruktura je nutno stanovit faktory transformace na navazujici variantni formu
kurikula.

Variantnich forem kurikula, které jsou v této kapitole brany v uvahu, je Sest:
-konceptualni kurikulum (zkratka CC — conceptual curriculum),

-zamyslené kurikulum (zkratka /C — intended curriculum),

-projektové kurikulum (zkratka PC — projected curriculum),
-implementované kurikulum-1 (zkratka /M C'— implemented curriculum-1),
-implementované kurikulum-2 (zkratka JMC? — implemented curriculum-2),

-dosazené kurikulum (zkratka 4 C — attained curriculum).

Libovolna variantni forma kurikula bude oznagena VFC' (index i nabyva hodnot i = 0, 1, 2, 3a, 3b, 4, 5, hodnota
indexu 7= 0 je ptidélena vstupnimu nekurikuldrnimu prvku VSF — védeckému systému fyziky).

Variantni formy PC a IMC' se sdruzuji jako vystup transformace 7> a vstup do transformace T'*. Toto

sdruzeni bude vyjadieno pridélenim hodnot indexu i = 3a a i = 3b, variantni formy PC a IMC' vsak budou
zkoumany oddélené.

Struktura kazdé ze Sesti variantnich forem kurikula a vstupni nekurikuldrni prvek (védecky systém fyziky VSF)
maji tfi substruktury oznaéené indexy SP, C a PPS:

- VSF=VSFsp+ VSF¢c + VSFpps, tj. VEC® =VFC}, +VFC. +VFC

- CC= CCsp + CCc + CCpps, ti. VEC' =VFCy, +VFC. +VFC,,
-1C=1Csp +1Cc + ICpps, . VFC?> =VFC%, +VFC. +VFC;
- PC= PCsp + PCc + PCpps, ti. VEC* =VFCs +VFC) +VFCig

- IMC'= IMCg,, + IMCy + IMC,g, 4. VFC® =VFC% + VFCY +VFC,
- IMC*= IMC3,, + IMC + IMC,. 4. VFC* =VFC?, +VFC: +VFC?
-AC=ACsp + ACc+ ACpps, . VFC® =VFC;, +VFC.. +VFC,

Kazda transformace 7'azT’ (obecné: kazda transformace T' pro i = 1, 2, 3, 4, 5) je tvofena tfemi

subtransformacemi SPT'az SPT”>, CT'azCT’> a DT'azDT’,
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- kde SPT'azSPT’jsou transformace smyslu a pojeti predchazejici variantni formy kurikula na navazujici
variantni formu kurikula,

1.~ 5. oy e, . o,
-kde CT azCT" jsou transformace soustavy cilii pfedchazejici variantni formy kurikula na navazujici variantni
formu kurikula,

- kde DT'azDT’jsou jiz znamé didaktické transformace pojmové-poznatkového systému predchazejici
variantni formy kurikula na pojmové-poznatkovy systém navazujici variantni formu kurikula.

Provedeni kazdé transformace 7'aZ T’ je dano faktorem F'az F’ | 1ze tedy zapsat, ze provedeni T = aplikace

F' az provedeni T° = aplikace F. Hodnoty hornich indexii faktori budou pozdgji uptesnény.

Souhrn piedchazejicich uvah ukazuje, Ze strukturace variantnich forem kurikula vyzaduje vytvofeni celkem
6x3=18 modell substruktur 6 variantnich forem kurikula (pokud neni bran v avahu vstupni nekurikularni prvek

VSF — védecky systém fyziky).

Déle tento souhrn ukazuje, Ze provedeni 5 transformaci T'= F' az T°= F’ vyzaduje provedeni 15 dil&ich
transformaci (SPT'az SPT’, CT'azCT’, DT'az DT" ) a znalost 5 celkovych faktorii F'az F> transformaci

T'azT’ (neni vyloudeno, ze faktory F'aZ F” bude potfebné roz¢lenit na subfaktory dil&ich transformac).

Uplna strukturace variantnich forem kurikula ziejmé vyzaduje vytvofit 18 modelii substruktur 6 variantnich forem
kurikula (a pfipadné 3 modely substruktur nekurikularniho prvku VSF — védeckého systému fyziky). Vytvoteni

18 modelti vyzaduje znalost 5 faktorti transformaci 7'az7> (ne-li 15 subfaktorti dil¢ich transformaci

SPT'az SPT’, CT'azCT’, DT'azDT?).

Vymezenych 18+5=23 problému strukturace variantnich forem kurikula ukazuje, jak strukturovat
nasledujici, dosud nestrukturovany soucasny stav a), b), ¢) a d):

a) Je kdispozici fada praci, které se zabyvaji smyslem a pojetim edukacniho procesu fyziky jako celku (4.
smyslem a pojetim kurikuldrniho procesu fyziky).

b) Je rovnéz k dispozici fada praci, které zkoumaji soustavu cilti a ¢leni ji napt. v ramci didaktiky fyziky na
obecné cile jako profil absolventa a kli¢ové kompetence, na cile ptirodovédného vzd€lavani, na cile vyuky fyziky
a na specifické cile vyuky fyziky. Nebo mohou byt ¢lenény na cile v oblasti obsahu uciva (pfedevsim kognitivni
cile jako osvojeni obsahu uciva podle Brunerova vymezeni povahy a vnitintho fadu struktury uciva) a na cile
v oblasti procesu uceni (pfedevs§im kognitivni cile jako osvojeni uéebnich ¢innosti podle Bloomovy taxonomie
vzdé€lavacich cili). Po vybéru a analyze obecnych cilii vyucovani pak nasleduje formulace konkrétnich cilti vyuky.

¢) Struktury pojmoveé-poznatkovych systémi jsou vétSinou modelovany pomoci pojmovych map predevsim
v ramci didaktickych pojmové-poznatkovych systémt a v ramci projektovych pojmové-poznatkovych systémi
vyjadfenych napf. ucebnimi texty.

d) Rovnéz faktory transformaci T 'az T’ didaktické komunikace v rdmci daného $kolniho predmétu ().

transformaci variantnich forem kurikula tvoficich kurikularni proces daného Skolniho pfedmétu) jsou obvykle
popsany obecné a nestrukturovane.

5.1. Model struktury pojmu ,,Variantni forma kurikula*

Model struktury pojmu ,,i-t4 variantni forma kurikula“ Ize popsat pomoci Obr.1. Na tomto obrazku je na zakladé
praci P.Tarabka uveden podle P.Zaskodného, 2007a, [6] zéakladni trojihelnikovy model struktury libovolného
pojmu.
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Obr.1: Trojuhelnikovy model struktury pojmu

Jadro pojmu Smysl pojmu je tvoren jadry vSech pojmu,
- nézev (slovo) <:> které se mohou s jadrem daného pojmu
smyslové smyslupIné spojovat (kromé& podifazenych
- symbol vazby pojmtl), a vazbami na tyto pojmy
<

- imaginacéni reprezentace

vyznamové vazby

Vyznam pojmu je tvofen podiazenymi
pojmy a vSemi konkrétnimi predstavami,
které jsou s danym pojmem spojovany;
také sem patii vazby na podiazené
pojmy a pfedstavy s nimi spojené

13

Popis trojuhelnikového modelu pojmu ,,i-ta4 variantni forma kurikula“:

a) Jadro pojmu

Nazev: i-ta variantni forma kurikula

Symbol: VFC' (index i nabyva hodnot i =0, 1, 2, 3a, 3b, 4, 5)

Imaginac¢ni reprezentace:

- Hodnota indexu i = 0 je pfidélena vstupnimu nekurikuldrnimu prvku VSF — védeckému systému fyziky,
- Hodnota indexu i = 1 je pfidélena konceptualnimu kurikulu CC,

- Hodnota indexu i = 2 je pfidélena zamyslenému kurikulu /C,

- Hodnota indexu i = 3a je pfidélena projektovému kurikulu PC,

- Hodnota indexu i = 3b je ptid&lena implementovanému kurikulu-1 JMC",

- Hodnota indexu i = 4 je pridélena implementovanému kurikulu-2 JMC?,

- Hodnota indexu i = 5 je pfidélena dosazenému kurikulu 4C

Poznamka: Variantni formy PC a IMC" se sdruzuji jako vystup transformace T a vstup do transformace 7.

Toto sdruzeni bude vyjadfeno prid&lenim hodnot indexu i = 3a a i = 3b, variantni formy PC a IMC'" vsak budou
zkoumany oddélené.

b) Smysl pojmu
Jadra soufadnych pojmit: Variantni formy kurikula VFC* , pro k# i

Jadro nadfazeného pojmu: Kurikularni proces

Pojem ,,Kurikularni proces fyziky* je definovan jako posloupnost transformacné na sebe navazujicich variantnich
forem kurikula (prvnim a jedinym ,,nekurikularnim* ¢lenem této posloupnosti je ,,obsah fyzikalni védy jako
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védecky systém fyziky*, transformaéni ndvaznost odpovidajici transformacim T 'az T’ didaktické komunikace
fyziky je oznaCena Sipkami —):

Védecky systém fyziky VFC® — Konceptualni kurikulum VFC'

Konceptuélni kurikulum VFC' — Zamyslené kurikulum VFC?

Zamyslené kurikulum VFC? — Projektové kurikulum VFC™ a Implementované kurikulum-1 VFC*

Projektové kurikulum VFC** a Implementované kurikulum-1 VFC>” — Implementované
kurikulum-2 VFC*

Implementované kurikulum-2 VFC* — Dosazené kurikulum VFC>

¢) Smyslové vazby

Transformace 7'aZ 7T’ mezi variantnimi formami kurikula VFC’ (index i nabyva hodnot i = 0, 1, 2, 3a, 3b, 4, 5)
jsou oznaceny Sipkami s vyznacenou transformaci nad Sipkou. V zavorkach jsou pfipomenuty transformujici se
variantni formy kurikula VFC " (index i nabyva hodnot i =0, 1, 2, 3a, 3b, 4, 5)

Tl

(VFC") R (VFC")
2
(VFC") i (VFC?)
2 T3 3a 3b
(VFC™) (VFC*, VFC*)

(VFC*, VFC*") (VFC*)

(VFC*) (VFC?)

Z transformaci 7'azT”je pro i-tou variantni formu kurikula VFC' podstatna transformace T, kterd je

vytvaiejici transformaci variantni formy VFC'pomoci faktoru transformace F'~' . Faktor transformace F'™' je

strukturnim prvkem variantni formy kurikula VFC'™" .
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Dalsi podstatnou transformaci je pro i-tou variantni formu kurikula VFC " transformace T M, ktera je naopak
vytvéafena faktorem transformace F *. Faktor transformace F’ je strukturnim prvkem struktury zkoumané i-té

variantni formy kurikula VFC' .

d) Vyznam pojmu
Podfadné pojmy:

Strukturni prvky i-té variantni formy kurikula VFC' :VFC ;P VFC, lc VE C;, ps> !
Strukturni prvky (i-1)-ni variantni formy kurikula  VFC™ :VFCq, ,VFC ' ,VFCppe, F™

Strukturni prvky (i+1)-ni variantni formy kurikula VFC™' : VFC ;;1 JVEC é+1 VE C;;S JF

e) Vyznamové vazby

Vyznamové vazby jsou subtransformace
SPT', CT', DT’ transformace T",

kterd je vytvafejici transformaci i-té variantni formy kurikula VFC ", Neni vylouceno, ze faktor transformace

F™! (ktery generuje transformaci 7' ! jako strukturni prvek (i—1)-ni variantni formy kurikula VFC H) by mél
byt slozen ze tf subfaktort

Fgp's F&™a Frpg,
které vytvareji strukturni prvky
VEC,,,VFC.,VFC,, i-té variantni formy kurikula VFC".
Vyznamové vazby jsou také subtransformace

SPT™ , CT™, DT™ transformace T Hl,

ktera je vytvatejici transformaci (i+1)-t¢ variantni formy kurikula VFC *! Transformace T je vytvarena
faktorem transformace F" , ktery je strukturnim prvkem i-té variantni formy kurikula VFC " Neni vylouceno, ze

faktor transformace F' by mél byt rovnéz sloZen ze tii subfaktort

i i i
Fop, Fea Fpp.

5.2. Model struktury tvorby variantni formy kurikula

Popsany model struktury pojmu ,,i-t4 variantni forma kurikula® umozinuje pouzit metody analyticko-syntetického
modelovani (viz Zaskodny, 2007a, [6]) struktury feSeni védeckého problému didaktiky fyziky ,,jak zkonstruovat

a vyjadfit i-tou variantni formu kurikula VFC'“. Model je uveden na Obr.2 a oznadeni v obrazku pouZivana jsou
totozna s ozna¢enimi popsanymi v pifedchazejicim odstavci.
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Konstrukce a vyjadfovéni i-té variantni formy kurikula VFC'
Strukturni prvky VFC' : VFCgP, VFCé . VFC;,PS
Strukturni prvky ptedchézejici variantni formy VFC'™" : VF C;;,l , VF Cé_l , VF Czl;s
Strukturni prvky nésledujici variantni formy VFC™' : VF C;,l , VF Cgl , VF' C;,J;,IS

\ 4 \ 4 A 4 A 4

Vymezeni faktoru

i1 i—1 i—1 ,
VF Sp WCC VE PPS F'pro provedeni
transformace 7"

SPT i CT i DT’ variantni formy

v kurikula VFC'
VFC ;P VFC, VF C;PS na nésledujici

variantni formu

v v v
NeJObfcnejél model Obecny model VFC, Uplna a piesna konkretizace VFC'
VFC, - ujasnéni . Ny .
“n S; — (soustava cila VFC") pOJm?ve poznatkolyym
yslu a piijeti. pro tvorbu systémem VFC g
koncepce VFC' PR ; ; ,
P pojmové-poznatkového systému variantni formy kurikula VFC"
v v v v

Vytvofen i-té variantni formy kurikula VFC' je dano provedenim transformace 7"

na zakladé faktoru F'™' a vymezenim faktoru £ ! pro provedeni dal3i transformace T L

Transformace T je déna prvni subtransformaci SPT ! smyslu a pojeti variantnich forem
kurikula VFC™™ a VFC' , druhou subtransformaci CT" soustavy cil
variantnich forem kurikula VFC'™ a VFC' a treti substransformaci DT’

pojmové-poznatkového systému variantnich forem kurikula VFC'™ a VFC'.

Naslednym krokem je provedeni transformace T’ "1 variantni formy kurikula VFC !

na variantni formu kurikula VFC™" | ktera mé strukturni prvky VF Cg,l , VFC gl , VF CZ,IS

Obr.2: Model struktury tvorby i-té variantni formy kurikula
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6. Modelované a nemodelované substruktury variantnich forem
kurikula

V druhém dilu monografie , Educational and Didactic Communication 2007, Vol.2. — Methods®, [12] byly
v ramci konstrukci a vyjadfovani jednotlivych variantnich forem kurikula z 23 vymezenych problémt zkoumany
konstrukce a vyjadfovani nasledujicich substruktur variantnich forem kurikula:

- konceptualni kurikulum: substruktura CCppg (viz 1.&4st ¢lanku “Konstrukce variantnich forem kurikula™)

- zamys§lené kurikulum: substruktury /Csp, IC¢, ICpps (viz 2. &ast &lanku “Konstrukce variantnich forem

kurikula™)

- projektové kurikulum: substruktura PCppg (viz 3. &ast ¢lanku “Konstrukce variantnich forem kurikula”)

- implementované kurikulum-1: substruktura /M CIIJ ps (viz 3. Cast €lanku “Konstrukce variantnich forem
kurikula”)

- implementované kurikulum-2: substruktura [ C}Z)PS (viz 4. ¢ast ¢lanku “Konstrukce variantnich forem

kurikula”)
- dosazené kurikulum: ACppg (viz 5.¢4st &lanku “Konstrukce variantnich forem kurikula”)

Z 23 vymezenych problému bylo tedy modelovano 8 problémi, v pievazné mife formy existence externich
a internich pojmové-poznatkovych systémii jako postupné se transformujictho uciva (CCpps, ICpps, PCpps,

IMC},PS, IMC?,PS, ACpps). Pouze v oblasti zamysleného kurikula byla zkoumdna rovnéZ otdzka smyslu

a pojeti zamysleného kurikula (/Csp) jako smyslu a pojeti didaktického systému fyziky a soustavy cilii
zamysleného kurikula (/C¢) jako soustavy cilii didaktického systému fyziky.

V druhém dilu monografie , Educational and Didactic Communication 2007, Vol.2. — Methods®, [12] byla
v ramci konstrukei a vyjadfovani jednotlivych substruktur variantnich forem kurikula v 1. az 5. ¢asti ¢lanku
“Konstrukce variantnich forem kurikula” pouzita nasledujici konkretizace faktori transformace variantnich
forem kurikula (Zaskodny, Fenclova-Brockmeyerova, 2007a, [6]):

1) Vychodiskové koncepce fyzikalniho vzdélavani - Systémova koncepce jako zaklad pro tvorbu védeckého
systému fyziky z hlediska jeho sdélitelnosti.

2) Koncepce a cile vzdélavani - Soustava cilt je konkrétnim vyjadienim smyslu a koncepce vyuéovaciho
predmétu a je soucasné obecnym podkladem pro tvorbu didaktického systému a vyukového projektu fyziky.

3) Metodika vyuky - Metodika jako nejstar$i oblast didaktiky fyziky je dobie rozpracovana a disponuje Sirokym
spektrem metod, postupu a forem vyuky.

4) Kvalifikace aktéru vzdélavani - Ucitel je se svou kvalifikaci a kompetencemi klicovym faktorem vyukového
procesu.

5) Kognitivni troven edukanti - Determinujici vstupni prvek pro pfizptsobeni strukturnich jednotek (jednotek
uciva) potfebam a moznostem edukantd v didaktickém systému fyziku, ve vyukovém projektu fyziky a v pribéhu
samotné vyuky.

6) Vstupni a vystupni znalosti edukantii - Pfedpokladané vstupni a vystupni znalosti jsou dal§im determinujicim
prvkem pro tvorbu didaktického systému fyziku, vyukového projektu fyziky a pro pfipravu ucitele na vyuku
a prub&h samotné vyuky.
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Souhrnné 1ze konstatovat, ze 1. az 5. kapitola druhého dilu monografie ,,Educational and Didactic Communication
2007, Vol.2. — Methods®, [12] vychazely ze systémové koncepce jako vychodiskové koncepce fyzikalni edukace
a z neptetrzitétho respektovani potieb a moznosti adresatd fyzikalni edukace pti konstrukci a vyjadfovani
jednotlivych variantnich forem kurikula.

Z uvedeného vyctu modelovanych substruktur v druhém dilu monografie , Educational and Didactic
Communication 2007, Vol.2. — Methods®, [12] je ziejmé, Ze z vymezenych 23 problému strukturace variantnich
forem kurikula bylo feSeno problémt 8. Navic znalost 5 faktorti (nebo dokonce 15 subfaktortl) transformaci

T'azT? byla redukovéna na globalni vystizeni faktorem jedinym — respektovani systémové koncepce jako

vychodiskové koncepce fyzikalni edukace a nepfetrzité respektovani potieb a moznosti adresatti fyzikalni edukace
pti konstrukei a vyjadfovani jednotlivych variantnich forem kurikula.

Lze se domnivat, ze pfedkladany tteti dil monografie ,,Educational and Didactic Communication 2007, Vol.3. —
Applications* tento soucasny stav (8 modelovanych substruktur, globalni vystizeni faktorl transformace
variantnich forem kurikula) pomize zmeénit. Alesponn kvantitativnim potvrzenim, ze substruktury a celkové
struktury variantnich forem kurikula a jejich modelovani neni zalezitosti jen didaktiky fyziky a oborové didaktiky
prirodnich véd, ale také dalSich pfedmétovych didaktik, pfipadné i pfedmétovych didaktik ze zcela odlisnych
didaktik oborovych.

Pokud bude navozen stav védeckého zkoumani a modelovani jak globalniho kurikularniho procesu, tak
i jednotlivych substruktur dil¢ich variantnich forem kurikula, pak pfedkladany treti dil monografie ,,Educational
and Didactic Communication 2007, Vol.3. —Applications* splni svou roli.
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Abstract

The authors are issuing from the theory of educational communication as theory of curriculum which has come
into being in Czech Republic. In the framework of this theory the authors are using analytical synthetic
modeling of individual forms of existence of curriculum. The authors are assuming the analytical synthetic
modeling is one from the forms of cognitive architecture of artificial intelligence. The illustration (see [7], [8])
of analytical synthetic modeling was shown by means of modeling the cognitive structure of mathematical
integration (see [7]) as an example of machine learning.
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1. INTRODUCTION - COGNITIVE ARCHITECTURE AND
ARTIFICIAL INTELIGENCE

a) A Quotation for connection of “cognitive modeling” and “architecture”

In order to account for the functional character of intentional action, we need a somewhat sophisticated model
of intention, and a different view of layered cognitive architectures combining explicit beliefs and goals with
association and conditioning

C.Castelfranchi, Dpt. of Communication Sciences, University of Siena, Italy
In: Journal of Cognitive Systems Research, 2(2001),5-38 (see [16])

Elsevier, www.elsevier.com/locate/cogsys)

b) A Quotation for approximation of concept “architecture”

The word “ architecture” is typically used to refer to a design for a system that can be decomposed into
functionally distinct parts

C.M.Kennedy, School of Computer Science, University of Birmingham, UK
A.Sloman, School of Computer Science, University of Birmingham, UK
In: Journal of Cognitive Systems Research, 4(2003), 89-117 (see [17])

Elsevier, www.elsevier.com/locate/cogsys

¢) A Quotation for approximation of concept “cognitive system” and “its architecture”

A fundamental approach of cognitive science is to understand cognitive systems by separating them into
modules.

The architecture of such systems (including biological systems) is constrained into a form called the
recommendation architecture, with a primary separation between clustering and competition

L.A.Coward, School of Information Technology, Murdoch University, Australia
In: Journal of Cognitive Systems Research, 2(2001),111-156 (see [18])

Elsevier, www.elsevier.com/locate/cogsys)

d) A Quotation for connection of “cognitive science” and “artificial intelligence” by means of

“functional theory of mind”
Cognitive science and artificial intelligence have been dominated by computationalism and functional theory of
mind since the early development of computer programs.

Connectionist learning could be used to map “the world” onto mental symbols and thus imbue the syntactic
elements of the functionalist theory of mind with meaning.

N.E.Sharkey, Dpt. of Computer Science, University of Shefield, UK
T.Ziemke, Dpt. of Computer Science, University of Skovde, Sweden
In: Journal of Cognitive Systems Research, 2(2001),251-262 (see [19])

Elsevier, www.elsevier.com/locate/cogsys)

¢) A Quotation for connection of “theory of cognition” and “learning and problem solving”

ACT-R (Atomic components of thought) is a unified theory of cognition with deep roots in human memory, and it
has been successfully applied to a wide range of empirical phenomena in psychology including memory,
learning and problem solving, decision making, and perception and action.

C.Lebiere, Human Computer Interaction Institute, Carnegie Mellon University, USA
F.J.Lee, Dpt. of Cognitive Science, Rensselaer Polytechnic Institute, Troy (NY), USA
In: Journal of Cognitive Systems Research, 3(2002), 57-65 (see [20])

Elsevier, www.elsevier.com/locate/cogsys)
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2. CURRICULAR PROCESS

Within the framework of theory of curriculum it is necessary to express and communicate suitably the individual
transformations between the variant forms of curriculum and it should be also performed in the area of higher
education. During learning as problem solving (see [12]) mentioned transformations of curriculum are
associated with conception of Didactic Communication which can be called in the area of higher education the
conception of Educational Communication (see [1], [2], [6], [9], [13], [14]).

The concept “Curriculum” can be explained as “educational content” (see [10]) and the theory of curriculum,
adequate to conceptions of educational and didactic communications is issuing from the philosophy of
essentialism ((see [11]).

2.1. Curriculum transformations within educational and didactic
communication

In the framework of the conceptions "Didactic Communication" and “Educational Communication®, here is the
order of transformations of scientific curriculum.

This order of transformations (so called Curricular Process) is as follows from the scheme:

Transformation T1: Relevant science — System of relevant science from the point

of view of its communication (Conceptual Curriculum)

Transformation T2: Conceptual Curriculum — Educational content (Intended

Curriculum)

Transformation T3: Intended Curriculum — Textbook as the basic component of the

instruction project and further components (Projected Curriculum)

Transformation T4: Projected Curriculum — Knowledge already achieved

(Implemented Curriculum)

Transformation TS: Implemented Curriculum— Lasting component of the education and

its application. (Attained Curriculum)

2.2. Cognitive modeling and curricular process

Within the framework of described curricular process it was necessary to express and communicate suitably
knowledge of relevant scientific branch. For this purpose new methods were brought up which reflected
cognitive structure of concepts and knowledge (P.Tarabek, P.Zaskodny). These methods emanate from
analytical synthetic modeling cognitive structures (see [3], [4], [6], [12]) and from hierarchically arranged levels
of concept knowledge systems (see [5], [6], [12]). General model of cognitive structure of investigated problem
is consisting in analytical synthetic modeling of concrete investigated problem. The structures of variant forms
of curriculum can be taken as various types of cognitive structures.

Analytical synthetic modeling as individual form of cognitive modeling should be applied above all in the area
of conceptual and intended curricula. And relevant analytical synthetic model of intended curriculum should be
presented in all the parts of projected curriculum. It is not possible to eliminate the analytical synthetic models of
implemented and attained curricula could be by very good documents for evaluation of educational (if need be
also research) process.
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3. ANALYTICAL SYNTHETIC MODELING

Analytical-sythetic model of cognitive structure is described by means of both figure Fig.1 and Legend to Fig.1.

a - Identified Complex Problem

B

A 4

B,

ANALYSIS

Bk

A 4

b; - Partial Problem

b, - Partial Problem

by - Partial Problem

Nr. 1 (PP-1) Nr. 2 (PP-2) Nr. k (PP-k)
C C. C, C, ABSTRACTION G
v v v v ) 4
cq-Partial c,-Partial c3-Partial c4-Partial cj-Partial
Solution Solution Solution Solution Solution
of PP-1 of PP-2 of PP-3 of PP-4 of PP-k
D, D, D5 D;  SYNTHESIS Dy
\ 4 A\ 4 \ 4 Y \ 4

d; - Partial Conclusion
Nr. 1 (PC-1)

d, - Partial Conclusion
Nr. 2 (PC-2)

dy - Partial Conclusion
Nr. k (PC-k)

E|

A 4

A 4

E; RECONSTRUCTION Ex

e - Total Solution of Complex Problem "a" formed
by means of PC-1, PC-2, ...., PC-k

Fig. 1 General model of analytical-synthetic (cognitive) structure
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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,

by, - (Partial Problems PP-k) - Result of analysis: essential attributes and features of investigated phenomenon,

Cy - (Abstraction) - Qualification of abstraction essences within the framework of corresponding knowledge
level,

ci - (Partial Solutions of PP-k) - Result of abstraction: partial concepts, partial knowledge, various relationship,

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.,

Ey - (Intellectual Reconstruction) - Intellectual reconstruction of investigated phenomenon / investigated area of
reality, and

e - (Total Solution of Complex Problem "a")- Result of intellectual reconstruction: analytical-synthetic structure
of conceptual knowledge system.

The models of conceptual and intended curricula in area of physics education were presented in books [13].
Presented models reflect the tendencies of modern theory of curriculum in physics and science educations (see
[14].

Model of cognitive structure of physics in this form was published for the first time in textbook ,,Survey of
Principles of Theoretical Physics (with application on radiology)“ (see [15]) — the authors are assuming it is
one from the first steps to artificial intelligence in the area of education processes.

4. APPLICATION OF ANALYTICAL SYNTHETIC MODELS -
MACHINE LEARNING AND COGNITIVE SYSTEMS

Analytical synthetic models represent cognitive structures and can be arranged into cognitive systems and these
systems can be implemented into cognitive architectures. Because these models outline the curriculum of
knowledge, we can make output from the models, which can serve for learning the machines to process some
task.

How to create the output? We can divide the models into cognitive subsystems which plays a specific role in
solving requested task. We show the principle on the analytical synthetic model of mathematic integration (see
[7]) in chapter 4.1.

4.1 Analytical synthetic model of mathematic integration as an application
on machine learning (cognitive system CS1 is prepared for learning)

Integration is a part of infinitesimal calculus. We can apply the integration e.g. in mathematical analysis for
determination of area beneath the curve, determination of the length of the curve and determination of volume of
the rotated body.

First we have to learn the basic knowledge about the integration. We can divide this learning into the learning
about functions which shall be integrated and the property of function (ability of function to be integrated).
Without this knowledge, we do not know what we shall do. The same is to teach a machine the basic and general
information about integration. The arrangement of the information can be done via analytical synthetic model
(see Fig 2).
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Integration as a part of infinitesimal calculus

A 4

A 4

Investigated mathematical objects
(numeral binary relations —

functions to be integrated)

Investigated properties ofmathematical objects (ability of

functions)
f(x) = F(x) = F(b)-F(a)
v v v v
Definition Function Common process of Application of common
domain, . integration (improper integration process (proper
Domain of prescription integral) integral)
values
f(x) = F(x) F(x) = F(b)-F(a)
v
a) determination of area
beneath the curve
b
S= 'f f (x)dx
v v "
Set of General formulae of
function integration b) determination of the length
values of the curve
| f(xJax=F(x) '
’ 2
L =J}/1+(f (x))* dx
a
¢) determination of volume of
rotated body
b
¥ 2
V = x| (f(x)) dx
a
v v \ 4 v

f:{[x,y]e D, xH, ;y="f(x)}

Results of operation

A

y

a) another numeral binary relations
b) concrete numeral values — area, length, volume

A 4

Confirmation of the function property to be integrated and investigation of the results from the
integration with defined procedures. Presentation of the function set to another function sets.
Calculation of concrete numeral values and further applications of integration

Fig.2 Integration as an operation of the infinitesimal calculus
(cognitive system CS1)
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First we have to learn about the functions. This is done via the left part of model which leads to the
mathematical definition of functions. The right part of model is analysis of integration itself. This part outlines
the general knowledge of integration and its rules. All together helps to place the mathematical integration into
the frame of mathematical operations.

4.2. Analytical synthetic model of illustration of mathematical integration
for concrete elemental function (cognitive system CS2 is setting a good
example)

The second task is to establish the integration closely. Proper integral shall be established the first. Because the
integral is defined as the area beneath the curve y = f(X), we calculate the area with geometric methods. This
calculation is outlined in first quantification of the model. By generalization of proper integral we get the
characteristics and form of improper integral. This is presented in second quantification of model on the basis of
concrete linear function y=px+ q for p=1, g=0 (see Fig 3).

Area beneath y = f(X) (illustration for y = X), limited with x=a, x=b
A \ 4 A
Calculation of area b 2 2 2 5 5 b
with geometric J. f(x)dx = b— _a b_ _a (X
methods a 22 2 2 2,
\ 4 v v
Generalization (proper integral) (F(X) is primitive function )
b
b
[ £ (x)dx = [F(x)L;
a
A \ 4 A
I f (x)dx = F(x) (F()+C)= f(x) [ f(x)ax=F(x)+C

Improper integral based on elemental functions plus constant => requirement of
establishment of integral procedures for more complex functions

Fig.3 Establishment of proper and improper integral (the first step to learn how to
integrate via cognitive system CS2)
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4.3. Analytical synthetic model of illustration of mathematical integration
for more complex functions (cognitive system CS3 is learning)

Then we can establish the general integration procedures and the concrete rules of integration. This shall be done
via analysis and consequent synthesis of procedures of integration of more complex functions. Without this

knowledge, neither we nor machine can process the integration and obtain concrete result (see Fig 4).

Requirement of establishment of integral procedures fore more complex functions

A 4

\ 4

Integration of elemental
functions

jx”dx :anﬂ +C
n+1

J.dx:'[ldx:x+C

J.d—)z(:lnX+C

jsin Xdx =—-cos Xx+C
Icos xdx = sin X+ C
jexdx =*+C

a*+C

J'axdx = loga

Integration of function product
f(x) and g(x)
(e.g. use of method per partes)

[ 1605l = 1 (x)ax)- [ 1(x)alx)ax

A 4

Integration of more complex functions
(e.g. use of substitution method)

J f(x)dx = j g(h(x))h'(x)dx =
= fg(z)dz =G(z)+C=G(h(x))+C

A 4 A 4

Establishment of methods for calculation of improper integral of
function product and more complex functions

A 4

A 4

Establishment of improper integral in general level and rules for calculation of improper integral of
elemental functions, their products, and more complex functions

Fig.4 Establishment of methods of calculation of integral (cognitive system CS3)
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5. CONCLUSIONS

These three models can be arranged consecutively into the cognitive systems (see Fig 5). Complex cognitive
system (formed by partial systems CS1, CS2, CS3) shall serve for machine learning and can be implemented to
more complex cognitive architecture. The architecture shall offer the results from data for mathematical
integration tasks. The advantage of such architecture and systems is the cognition principle of problem solving.
The process arrangement is outlined in Fig 5.

Presented cognitive system is closely associated with some parts of theory of curriculum. The partial cognitive
systems CS1, CS2 and CS3 represent the intended curriculum as result of transformation T2. The complex
cognitive system — it is representation of machine learning in the area of mathematical integration.

Data
enter \

N
N

Results

Fig. 5 Conjunction of three cognitive systems (CS — cognitive system)

The process of calculation of integral shall start with calculation of elemental functions and then in the case of
need it should use the principles of more complex functions integration.

Summarizing the knowledge of analytical synthetic modeling and cognitive systems and architectures we can state
that this type of modeling is applicable to construction of cognitive architectures and processes of machine
learning. The applicability of the modeling and cognitive structures creating could bring a benefit to also the area
of cognitive robotics. We have to learn machines to think and the analytical synthetic modeling is one way how to
model and demonstration of cognitive intelligence. So therefore authors assume that this type of modeling leads
not only to representation of curricula but also to creating of cognitive architecture and thereby artificial
intelligence.
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Summary

The paper discusses human communication from the view point of gender, and outlines the emergence and role of
gender stereotypes in communication. The author emphasizes the importance of interpersonal and mass media
communication in creating gender roles in a gender-structured society — an importance which has been proved by
the author’s own research.

Human communication is currently studied by experts from almost forty different sciences and disciplines. From
the viewpoint of social psychology, communication is defined as a type of social interaction involving the transfer
or exchange of information via symbols, with the goal of influencing somebody; the information is necessary for
effective functioning. Communication as a social act enables people to satisfy their need for social relationships —
i.e. to associate with each other, to help, to have control and influence, and so on. It also satisfies the needs of the
ego by confirming the identity and uniqueness of the individual. The result of communication is consciously or
unconsciously influenced by the relational framework, i.e. the internal (mental, personality) context and the
external context; the external context consists not only of current social and physical conditions, but also by the
fixed contexts of culture, customs and language. The context of communication is projected into the mutual
perception of the partners in communication, in their attribution — the tendency to assign meaning to things, to
attach causes to external events, our own behaviour and that of others, to understand and explain things, to
evaluate.

One of the most important context variables is gender, a concept explained in psychological socio-biological
theories as a view of femininity and masculinity created within the framework of interpersonal relationships and
inter-generational social exchanges. People acquire and verify thoughts, experiences, habits, customs, beliefs, and
the meanings of concepts. These theories are based on the assumption that differences between feminine and
masculine behaviour are encoded in our biological natures but are also shaped by culture; feminine and masculine
psychological traits are thus acquired. Taking this view of masculinity and femininity, it follows that the concepts
‘woman’ and ‘man’ are social constructions (Oakley, 2000), which license us to certain types of behaviour,
legitimize cognitive patterns for the perception of these behaviours, and create stereotypical sets of firm beliefs
concerning feminine and masculine behaviour. Social exchanges influence the personal identity of an individual
(self-awareness, awareness of identity), which — together with gender identity — emerges at around three years of
age, when a child begins to see itself as ‘I’, becomes aware of temporal change (“although I change, I am still
me”), and gains awareness of the differences between itself and others. The child accepts the gender role currently
valid in the particular society, acquiring gender identity under the influence of socially supported behaviour, both
directly and indirectly. Male individuals develop typically masculine traits, behaviour and ways of experiencing
the world, while female individuals develop feminine equivalents. “The socially determined role of each sex
mirrors behaviour and attitudes that generally correspond with that which is considered by the particular society to
be feminine or masculine behaviour.” (Hurlock, 1985)

Gender identity is thus created, and gender differences — in roles, and subsequently in communication — are largely
acquired. In the traditional conception of gender roles, according to gender stereotypes, feminine individuals are
submissive, weak, less self-controlled, soft, gentle, emotional, evasive, global, empathetic, consensual, intuitive,
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non-linear, simultaneous, adaptable, communicative, polite, and relationship-oriented. The functional asymmetry
of the hemispheres shows a dominance of the right side of the brain, traditionally associated with concrete imaging
and global awareness. In cognitive terms, these individuals display greater intuition, empirical orientation,
tendencies to see reality in implicit terms, underestimation of the importance of details, and simultaneity. The
feminine way of experiencing stress is characterized by medium-level resistance to acute stress, but high
resistance to long-term stress, via internality reactions. The dominant coping strategies are passive, self-pity,
escape or denial, resignation, substitute satisfaction, and seeking support. Masculine individuals are stereotyped
as dominant or authoritative, with aggressive, power-seeking tendencies, strong, autonomous, competitive,
emotionally self-controlling, decisive, hard, rational, analytical, implicit, causal, argumentative, with a distanced
approach to relationships, less friendly. The functional asymmetry of the hemispheres shows a dominance of the
left side of the brain, traditionally associated with verbal logic and atomistic awareness. In cognitive terms, these
individuals display a greater emphasis on factuality, rationality, explicitness, analyticity, and causality. The
masculine way of experiencing stress is characterized by high resistance to acute stress, but low resistance to long-
term stress, via externality reactions. The dominant coping strategies are active, but also include aggression,
rivalry, downplaying of importance, and social self-exclusion. (Inspired by Heller, 2005; Kfivohlavy, 2001;
Nakonecény, 1998; Paulik, 2006; Rehulka, 1998; Smékal, 2004: gn}'/drové, 2006.)

Gender stereotypes also affect characteristic features of feminine and masculine communication:

The feminine model of communication is characterized in formal terms by dynamic and rising intonation (as if
asking questions), more careful pronunciation, question tags, long phrasal answers, indirect communication,
greater eloquence, alertness, fluency, initiative-taking, a more frequent use of words expressing emotions and
motivations, a greater capacity to listen, greater empathy, etc. In terms of content, feminine communication is
oriented towards the relational aspect of communication, cooperation, care, the expression of emotions (joy,
worries, emotional evaluation), and the speaker’s own experience. Women have a greater awareness of ‘body
language’, are better at establishing and maintaining eye contact, assume more open and relaxed positions, use
touching and gesticulation more, and so on. In conflict-solving, women’s negotiating strategies involve more
cooperation and less trust.

The masculine model of communication is characterized by falling intonation, directness, dominance,
brusqueness or even rudeness (swearing, vulgarity, destructive topics), orders and prohibitions, argumentation,
and a weaker need to communicate. Men listen less, interrupt more often, change the subject to their own benefit,
but are also more amenable to being persuaded to cooperate and are more likely to abide by rules when conflict-
solving. In terms of content, men communicate more about the world of work, specialist topics, public and
political issues, external matters, fact-based communication, and technical subjects. Men make less use of ‘body
language’, placing lower emphasis on maintaining eye contact, assuming more closed positions, avoiding touching
individuals of the same sex, gesticulating less, etc. (Inspired by De Vito, 2001; Murray 1993; Planava, 2005;
Schneiderova, 2005; Strauss, Tannen, 1994; Van Pelt, 2001; Vybiral, 2000.)

A gender-structured society is based on idealized images of men and women. Social pressure towards gender
polarization represents a particularly heavy burden for women with markedly masculine traits and vice versa, and
coping can present difficulties. Cultural stereotypes require conventional patterns of behaviour, and deviations
from the required norm either meet with only limited social acceptance, or are considered to be entirely
unacceptable and abnormal. The gender structure of society thus both restricts and facilitates life for individuals,
groups and communities. Czech society is currently undergoing dynamic changes, including a marked shift in the
conception of masculine and feminine gender roles, with the rise of gender equality, gender mainstreaming, and
equal opportunities in achieving life goals. Traditional stereotypes are becoming weakened, especially in private,
family life, education (see the work ‘Gender in Education’ by Irena Smetackova and Klara Vlkova), and in media
images.

The strong influence of the mass media is a result of the media’s powerful role in society. The media is the main
source of information on events both at the national and international levels. The media also acts as a source for
interpretations and opinions on social reality, as well as publicly shared and accepted sets of meanings determining
the nature of norms in a social context — whether in entertainment, information, culture, politics or society in
general. The media contribute to socialization by offering ideas and relationships which, if accepted and mastered
by receivers, allow those individuals to act successfully as members of a particular society. Media-borne examples
serve as a guide for receivers, showing them how to connect events and meanings, to form opinions on society and
the implications for the individual, to interpret relationships between individual events (Burton, Jirdk, 2003, p.
150; Pavlik, 2005).

Jana Hoffmanova (2005) uses the example of women’s magazines to show how means of communication,
strategies and tactics are used by this section of the media to persuade readers to accept gender stereotypes.
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Qualitative research carried out by the present author (Schneiderova, Hodinova, 2005, pp. 195-199), based on the
analysis of 12 video recordings of the TV talk show ‘Prima jizda’, uses methodology grounded in the theory
(Strauss, 1999) that the basic aspects of communication exchanges between conversational partners, on both the
verbal and non-verbal levels, are dominance and submission, passivity and activity, openness and interest,
perception and listening, and faults in communication; the central category is assertiveness in communication. The
research confirmed the existence of gender differences in communication, in dependence on relationships, the
situational context, the topic of conversation, and the social role of the partners in communication. Nevertheless,
the data showed that feminine and masculine models in the media are experiencing slight shifts in the conception
of gender roles, moving towards a more generally assertive type of communication.

The research discussed above shows that the gender conception of communication is a socio-cultural construct. In
this, it displays similar results to much other research, e.g. P. Rosencrantz in the 1960s — demonstrating the
different personality competencies of men and women; S. L. Bem in the 1970s, J. Miluska (1995), J. S. Turner and
D. B. Helms (1995) — dealing with the conception of androgyny and its advantages, especially for women; J. S.
Hyde and M. C. Lynn (1980) on verbal differences; C. N. Jacklin and E. M. Maccoby in the 1970s, or A. H. Eagly
and L. L. Carli — on conformity and submissive tendencies in women; A. H. Eagly in the 1980s, on the provision
of help to women and men, and by women and men; research into the group behaviour of men and women carried
out by A. Anderson and T. Blanchart in the 1980s, etc.

(Chovancik, http://abudehur.wz.cz/psycho/chovancik/aspekty.doc)
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Abstract

For description of applications of Lagrangian formalism to movement of charged particles in homogenous
magnetic field it will be necessary to express the model of physics structure, to extract from this model its special
part — model of classical non-statistical physics, to describe the Lagrangian formalism for electromagnetic field
and finally, on the basis of previous parts of paper, to describe the movement of classical particle in magnetic
field.

Presented paper is issuing from theory of curriculum, above all from conceptual curriculum and intended
curriculum in the area of movement of charged particles in magnetic field.
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Introduction — Variant Formsof Curriculum

For description of applications of Lagrangian formalism to movement of charged particles in homogenous
magnetic field it will be necessary to express the model of physics structure, to extract from this model its special
part — model of classical non-statistical physics, to describe the Lagrangian formalism for electromagnetic field
and finally, on the basis of previous parts of paper, to describe the movement of classical particle in magnetic
field.

Presented paper is issuing from theory of curriculum. This theory will be shortly explained.

Within the framework of theory of curriculum it is necessary to express and communicate suitably the individual
transformations between the variant forms of curriculum and it should be also performed in the area of higher
education. During learning as problem solving (see [7]) mentioned transformations of curriculum are associated
with conception of Didactic Communication which can be called in the area of higher education the conception of
Educational Communication (see [1], [2], [3], [4], [8], [9]).

The concept “Curriculum” can be explained as “educational content” (see [5]) and the theory of curriculum,
adequate to conceptions of educational and didactic communications is issuing from the philosophy of
essentialism ((see [6]).

In the framework of the conceptions "Didactic Communication" and “Educational Communication®, here is the
order of transformations of scientific curriculum.

This order of transformations is as follows from the scheme:

Transformation T1: Relevant science — System of relevant science from the point

of view of its communication (Conceptual Curriculum)

Transformation T2: Conceptual Curriculum — Educational content (Intended

Curriculum)

Transformation T3: Intended Curriculum — Textbook as the basic component of the

instruction project and further components (Projected Curriculum)

Transformation T4: Projected Curriculum — Knowledge already achieved

(Implemented Curriculum)

Transformation T5: Implemented Curriculum— Lasting component of the education and

its application. (Attained Curriculum)

Presented paper is possible to classify into area of Conceptual Curriculum (model of physics structure and
model of classical non-statistical physics) and Intended Curriculum (the movement of classical particle in
magnetic field). These variant forms of curriculum will be investigated from the point of view of the movement of
classical charged particle in magnetic field.

1. Model of Physics Structure and Its Brief Description (see [10])

To explain physics as one of the natural sciences, it is first of all necessary to define natural objects and their
characteristics as investigated by physics.

Natural objects investigated by physics will be described:

1. based on classifications depending on their number and size,
2. from the standpoint of their nature, and
3. from the standpoint of their development up to the present time.

The characteristics of natural objects investigated by physics are given:

4. by states of physical objects and changes in these states, and

5. by particular forms of the motion of physical objects.
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1.1. Classification of Physical Objects Depending on Their Number and Size
(see[10])

The number of physical objects investigated serves as a criterion for differentiating statistical and non-statistical
approaches to investigating physical objects and phenomena from each other. If an object is investigated as one
physical object or as a system of several physical objects, then the investigation is a matter for the disciplines of
non-statistical physics (for example, classical mechanics, quantum mechanics, or relativistic mechanics). When
investigating an object as a physical object comprising enormous numbers of partial physical objects or when
investigating directly an enormous number of partial physical objects, the investigation is a matter for the
disciplines of statistical physics (for example, phenomenological thermodynamics, or statistical thermodynamics).
Sets of enormous numbers of physical objects investigated are typically named macrosystems (the prefix “macro”
indicates the high numbers of objects investigated, not the size of these objects).

Depending on their size, non-statistically considered physical objects can be divided into the following three
categories: macrophysical objects (macro-objects), microphysical objects (micro-objects) and megaphysical
objects (mega-objects).

Macrophysical objects (considered under the collective name “macroworld”) can be directly observed by the
human senses, optical microscopes or telescopes of average size. They include all terrestrial objects down to large
molecules, but also the Sun with the planets, and stars forming the galaxy “The Milky Way”. Macrophysics
explains states and changes in states of macrophysical objects and, in the course of doing this; it frequently
disregards the microstructure of matter and interactions of micro-objects and does not consider the effects of
cosmic objects on terrestrial phenomena. Macrophysics comprises the whole of classical physics except for
molecular physics (the kinetic theory of matter).

Microphysical objects (with their collective name “microworld”) are partially observable by the most up to date
electron and ion microscopes, and their existence can be partially demonstrated by indirect experimental methods
based on theoretical images, and derived from abstract considerations (presenting, for example, experimental data
from the line spectra of elements). Micro-objects mainly include molecules, atoms, ions, atomic nuclei and
fundamental particles. Microphysics explains the states and physical phenomena associated with micro-objects
based on the microstructural characteristics of these objects. It mainly includes molecular, atomic and nuclear
physics, solid state physics, physics of high energies and relativistic and non-relativistic quantum physics, which
serves as a theoretical basis for all these disciplines.

Megaphysical objects (summarized under the name “megaworld”) can be partially observed by the strongest
optical telescopes or their existence can be demonstrated by indirect experimental methods (for example, by
powerful radiotelescopes receiving radio waves from the most distant sites in the cosmic space) based on
theoretical images and derived by abstract considerations. Megaphysical objects include clusters of galaxies and
super-clusters of these clusters - the set of these megagroups forms the megastructure of the universe as a whole.
Megaphysics deals with studying the effects of megaphysical objects on states and physical phenomena. It
includes astrophysics, relativistic cosmology and cosmogony as interdisciplinary branches. In the field of “pure”
physics, megaphysics mainly includes the general theory of relativity and gravitation and further related
disciplines, for example, the special theory of relativity.

1.2. Nature of Physical Objects (see [10])

From the standpoint of the classification of physical objects by their size into microphysical, macrophysical and
megaphysical, it is obvious that physical objects characterized by a higher order of structure originate by
combining structures of lower orders. For the characterization of the nature of physical objects, it is of primary
importance to describe structures of the lowest levels.

These structures reflect the smallest known micro-objects - fundamental particles -which can be divided into the
following two principal types - fermions (whose spin equals odd multiples of h/4z and which obey the Pauli’s
exclusion principle) and bosons (whose spin equals even multiples of h/4x and which are not governed by the
Pauli’s exclusion principle). Most fundamental particles have their antiparticles with opposite charges, provided
that the particle and antiparticle are annihilated in the course of their interaction. For example, in the annihilation
of an electron and anti-electron (positron) both particles are annihilated producing two or three high-energy
photons of the annihilation radiation. Only electrically neutral bosons are not associated with their antiparticles
during their origination or annihilation.
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The structures of physical objects are formed by structural elements and carriers of forces acting between
them. Mutual interactions make possible the existence of a physical object as a whole. Physical objects with
structures of the lowest orders have fermions as structural elements and bosons are the force carriers.

There are three structures of the lowest orders. According to the type of their interactions they can be called
the Fundamental Strong Interaction, the Residual Strong Interaction and the Weak Interaction. These three
interactions share one characteristic - their range is very short (they can be manifested only in the smallest
microphysical objects). However, if the micro-object is within the range of their action, they are many times
stronger than interactions with an unlimited range. There are two types of structures formed by interactions
with unlimited ranges - the Electromagnetic Interaction and the Gravitational Interaction. These interactions are
prevalent in forming structures associated with macrophysical and megaphysical objects with respect to their
unlimited range. Three structures formed by interactions with very short ranges and two structures formed
by interactionswith unlimited ranges will be described below.

Presented paper is associated with Electromagnetic Interaction. This interaction will be shortly described.

The structure “ Electromagnetic Interaction” is responsible not only for the stability of atoms as a whole, but
also for the stability of a number of macro-objects. Its range is unlimited and thus it is manifested in both the
microworld and macroworld. Structural elements are particular substance constituents of physical objects
described by the quantity “electric charge” (for example, protons in atomic nuclei, and electrons in atomic
envelope, but also carriers of macrocharges), and carriers of electromagnetic interactions are photons, which are
closely associated with the electromagnetic field.

With the help of these five structures it is possible to understand the principles of any physical object as
mutual interactions of substances and fields. “Substance” and “field” represent two of the principal forms of
mass examined by physics: “substance form of mass” and “field form of mass”. Physical objects are formed by
structural elements (that are frequently formed by the substance form of mass) and by carriers of interactions
between structural elements (that are frequently formed by the field form of mass). In more complex physical
objects, the combination of substances and fields can be very complicated.

1.3. Statesand Changesin States of Physical Objects (see [10])

The statistical approach (statistical physics) and non-statistical approach (non-statistical physics) to the
investigation of the state and changes in the state of a physical object, make it possible to divide these states into
thermodynamic (statistical) and motional (non-statistical) states. Motions as changes in these states can be divided
into statistical (thermodynamic, disordered) and non-statistical (ordered) motions.

The state of a physical object is determined by a set of external conditions (external parameters), under which
the physical object exists, and a set of independent internal characteristics (internal parameters) of the
physical object examined. The external and internal parameters together are state parameters. In general, the
states of the physical object can be divided into non-equilibrium states (external or internal parameters are
functions of time) and equilibrium states (external and internal parameters are steady, invariable in time).

External parameters associated with the motion of a physical object as a whole (the internal structure of the
physical object is not taken into account) are closely related to the non-statistical approach and non-statistical
physics. On the other hand, the remaining external parameters and internal parameters (the internal structure of the
physical object is taken into account) are closely associated with the statistical approach and statistical physics.

In the investigation of a macrosystem, whose motion as a whole is not taken into account, the most general states
of equilibrium or non-equilibrium can be termed °‘states of the thermodynamic equilibrium or of the
thermodynamic non-equilibrium’. The thermodynamic equilibrium states and thermodynamic non-
equilibrium states can be commonly termed ‘thermodynamic states. A typical approach to their
description is the statistical approach as the main method of statistical physics. Transitions between
thermodynamic states are associated with thermodynamic processes. The thermodynamic process as a way of
changing the state parameters of a thermodynamic state is a description of statistical (thermodynamic, disordered)
motion, for example in phenomenological thermodynamics and statistical thermodynamics. Examples of
thermodynamic processes are isothermic, isochoric, isobaric or adiabatic processes in ideal gas.

In contrast, when taking into account only the motion of a physical object as a whole (the physical object is not
considered as a macrosystem), the most general equilibrium states can be reduced to so called ‘static’ and
‘stationary’ states and the most general non-equilibrium states to so called ‘quasi-stationary’ and ‘non-stationary’
states. Static, stationary, quasi-stationary and non-stationary states can be considered under
a common name: “motional states’. A typical approach to the description of motional states is the non-
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statistical approach asthe main method of non-statistical physics. The typical structure of motional states can
correspond for example, to the static, stationary, quasistationary and non-stationary electromagnetic field theory
(in the Maxwell phenomenological, i.e. non-structural conception) or stationary and non-stationary states of an
electron bound in the atomic envelope. In an electron in the stationary state, the shape of “the probability cloud”
does not vary in time, i.e. the distribution of the probability of the electron abundance in the atomic nucleus
surroundings remains unaltered. In an electron in non-stationary states, the shape of “the probability cloud” varies
over time. In a photon in the stationary state, the shape of its “probability cloud” (Gaussian) does not vary in time,
i.e. the distribution of the probability of the photon wave length remains unaltered over time. In
a photon in non-stationary states “the Gaussian” varies in time. Transitions between motional states are associated
with the relevant form of the non-statistical (ordered) motion.

1.4. Subject of Investigation in Physics and M ethods of I nvestigation
(see [10])

a) Subject of investigation in physics

Classification of physical objects by their size and by statistical and non-statistical approaches to their
examination; recognition of the current principle of physical objects as mutual interactions between substances
and fields, and descriptions of thermodynamic and motional states including descriptions of particular forms of
motion associated with changes in state parameters - these are particulars making it possible to delimit the subject

of investigation in physics.

Based on mutual interactions of substances and fields, physics examines thermodynamic and motional states and
changes in these states (as changes of state parameters) in macrosystems and in microphysical, macrophysical and
megaphysical objects. Briefly - based on the mutual interactions of substances and fields, physics examines states

and changes in states, in statistically as well as non-statistically considered physical objects.

This delimitation of the subject of physics presents a differentiation of physics from the other natural sciences. For
example, in contrast with physics, which examines mainly “quantitative laws of mutual interactions between
substances and fields”, the subjects of chemistry are “the laws of the synthesis of atoms to molecules and the
decomposition of molecules to atoms, and the study of the characteristics of elements and compounds”. In the
microworld, instead of “mutual interactions between substances and fields”, it is possible to speak about “mutual

interactions of substance particles (substance micro-objects) and field particles (field micro-objects)”.

b) Statistical and non-statistical approachesto the subject examined by physics

The two principal methods used in physics when investigating the characteristics of physical objects are statistical
and non-statistical approaches. The statistical approach serves as a basis for the disciplines of statistical physics
and, based on experimental experience acquired by experimental physics; it employs the application of concepts of
mathematical statistics and probability calculus for investigating thermodynamic states and their changes in
macrosystems. Statistical physics introduces the concept of a statistical assembly as a set of macrosystems; it
searches for distribution functions attributing probabilities to particular thermodynamic states and it determines
the mean values in the assembly (statistical analogues) as a quantitative expression of the values of state
parameters. The non-statistical approach serves as a basis for the disciplines of non-statistical physics and, based
on the experimental experience acquired by experimental physics, it employs applications of the concepts of the

differential, integral, variation and operator calculus for investigating motional states and their changes in
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microphysical, macrophysical and megaphysical objects. Non-statistical physics introduces a dynamic concept of
motional equation as an expression of the causes of the motion and a kinematic concept of the motional law as a

description of the state of motion.

¢) Threedimensions of statistical and non-statistical approaches

Both principal methods (statistical and non-statistical approaches) have the following three dimensions: classical
dimension, quantum dimension, and relativistic dimension. The quantum dimension is based on respecting the
wave-particle duality; the relativistic dimension is based on respecting the dependence of space and time on the

distribution and motion of physical objects.

The disciplines of quantum physics replace the classical trajectory in a substance quantum micro-object (for
example, an electron bound in an atomic envelope) or in a quantum mechanical system of substance micro-objects
(for example, a system of electrons in an atomic envelope), with a set of sites at which the material quantum object

or quantum mechanical system of material objects occurs at a given time with the highest probability.

In a field quantum micro-object or a quantum mechanical system of field micro-objects (for example, a photon or
group of photons enclosed in a volume V), classical waves or particle fluxes, for example, are represented by a set
of wave lengths acquired most likely by a field quantum micro-object or quantum mechanical system of field

micro-objects at a given time.

These representations were provided by developing new mathematical-physical formalism of primary quantization

in substance micro-objects and of secondary quantization in field micro-objects.

Consideration of the wave-particle duality in macrosystems of micro-objects is provided by the disciplines of
quantum physics by respecting the existence of a set of “probability clouds” (with a different interpretation in
substance and field particles) and by their mutual overlapping resulting in the indistinguishableness of particular

micro-objects, in addition to the statistical interpretation of phenomena.

The disciplines of relativistic physics replace the classical concepts of “absolute space” and “absolute time” by the
flat Minkowski space-time in the special theory of relativity and the curved Riemann space in the general theory
of relativity. This replacement is provided by the development of new relativistic mathematical-physical

formalism.

The quantum and relativistic dimensions, in contrast to the classical dimension, do not make possible “direct”
observation of the physical objects investigated. Their existence can be mostly demonstrated by indirect
experimental methods (“indirect” observation with the help of an instrument) based on theoretical images and
derived by abstract considerations.

The two basic methods (the statistical and non-statistical approach) are divided into six partial approaches to the
examination of states and their changes in physical objects. Within the scope of the statistical approach, statistical
physics should explain the classical statistical approach, quantum statistical approach and relativistic statistical

approach. Within the scope of the non-statistical approach, non-statistical physics should explain the classical non-
statistical approach, quantum non-statistical approach and relativistic non-statistical approach.
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1.5. Representation of Model of Physics Structure (see [10])

On the basis of paragraphs 1.1. — 1.4. now it is possible to introduce the model of physics structure

Physics as one of the natural sciences

v v
Natural objects investigated Characteristics of natural objects investigated
v v h 4 v h 4
Classification of Nature of Develop- External conditions Statistical and non-
objects by number objects ment of ~and independent statistical nature of
and size objects internal properties objects
of objects
v v h 4 v h 4
Macrosystems Mutual Disintegra- External and Macrosystem of
] ) interactions tion of internal state physical microobjects
Micro-objects of general parameters
M biect substances unitary S
acro-objects and fields .interactign Tll’ge 1nyzg.1?13111t¥ Physical objects
Mega-objects into partial and variabiiity o classified by size
interactions parameters
v v v h 4 h 4
Outline of the structural elements of Equilibrium and non-equilibrium motional states and
physical objects and carriers of interactions their change as non-statistical motion
in the current microworld, macroworld and o o )
megaworld Equilibrium and non-equilibrium thermodynamic states
and their change as statistical motion

A 4 A 4

Physicsasa particular natural science

a) Particular forms of motion: Description of particular ways of changing state parameters within the scope
of statistical (disordered) motion in macrosystems and non-statistical
(ordered) motion in micro-objects, macro-objects and mega-objects

b) Subject of examination in physics: States of physical objects and their changes based on mutual
interactions of substances and fields

¢) Principal methods of physics: Based on experimental experience and by means of physical measurement
techniques, a statistical approach as the basic method of statistical physics
and a non-statistical approach as the basic method of non-statistical physics

A 4 h 4
Quasi-classical statistical approach and its Classical, quantum and relativistic non-statistical
relativistic dimension within the scope of the approach within the scope of the disciplines of non-
disciplines of statistical physics statistical physics
y A

M ediated results of physics Methodologies of investigating general macrosystems, description
of characteristics of particular macrosystems
Methodologies of investigation and description of characteristics
of substance object and electromagnetic field
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2. Model of Classical Non-Statistical Physics

2.1. Description of the Model of Classical Non-Statistical Physics (see [10])

The starting point of the classical non-statistical approach can be seen in non-quantum and non-relativistic

approximations.

In the non-quantum approximation, the wave-particle duality is not considered. The free electromagnetic field
with a given frequency and an enormous number of low-frequency photons propagates through the vacuum as
well as through dielectrics as a “pure” electromagnetic wave. In contrast, a low number of high-frequency photons
of the free electromagnetic field with a given frequency, material points, solid bodies, and continuum particles,

behave as “pure” corpuscles.

In the non-relativistic approximation, space and time are considered as absolute - thus, the statement is not valid,
according to which physical laws express relationships between “material objects”. This approximation can be

adopted under conditions of low velocities and small mass densities in the physical objects examined.

The electromagnetic field as classical and non-statistical object will be described in 3.chapter.

The model of the classical non-statistical approach indicates that the main method of examining classical motional
states and their changes (as forms of the classical non-statistical motion) is the d’Alembertian formalism and the
Lagrangian and Hamiltonian formalisms resulting from it. This formalism in the field of free particles and
conservative force fields and in the field of certain continuum models (for example, the Euclidean solid) is
switched over to the well known Newtonian formalism. When considering an “ultra-relativistic” electromagnetic
field, it is necessary to employ the Lagrangian and Hamiltonian formalisms without the simplification of the

Newtonian formalism.

The Lagrangian and Hamiltonian formalisms include the following steps for a system of N particles: It won’t be

used in presented paper.

The Lagrangian and Hamiltonian formalisms include the following steps for the continuum: It won’t be used in

presented paper.

The Lagrangian and Hamiltonian formalisms include the following steps for the electromagnetic field: It will be

presented in 3. chapter.
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2.2. Representation of the M odel of Classical Non-Statistical Physics (see
[10])

System of particles, continuum, free electromagnetic field — motional states and their changes

v v
Non-stationary and quasi-stationary motional Stationary and static motional states and
states and their changes caused by forces conditions of their duration
v v
D’ Alembert principle, Hamilton principle: D’ Alembert principle, Hamilton principle:
Lagrange (Hamilton) function L (H) Lagrange (Hamilton) function L (H)
\ 4 \ 4
Motional equation and motional law: Description Motional equation and motional law:
of quasi-stationary and non-stationary states and Description of stationary and static states and of
of their changes their changes
\ 4 \ 4

General description of states and of their changes for the system of particles (second type Lagrange
equations, Hamilton canonic equations, the principle of virtual works), for the continuum (general motional
equation and the general equation of continuum equilibrium), and for the free monochromatic
electromagnetic field (the motional equation of the free electromagnetic field)

\ 4 v \ 4
Particular description of the Particular description of Particular description of the free
system of particles the continuum electromagnetic field
\ 4 v \ 4

Motional states and their changes in models of particle systems (free and bound system, solid body), in
models of the continuum (Pascalian perfect fluid, Newtonian viscous fluid, Euclidean solid, Hooke’s
elastic continuum), in the free magnetic field with a given frequency (an enormous number of low-

frequency photons — electromagnetic wave motion, small number of high-frequency photons — an ordered
flux of particles)

A 4

Simple applications of classical mechanics: Switch to Newtonian formalism

Simple applications of electromagnetic field theory: Field sources and vortices (Maxwell equations,
scalar and vector potential)

Common application of classical mechanics and electromagnetic field theory: the Lorentz force and the
motion of the classical electron in the constant electromagnetic field
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3. Electromagnetic Field and Description of I1ts Formalism

3.1. Electromagnetic Field as Classical Non-Statistical Object (see [10])

In considering the electromagnetic field, the classical and non-statistical “pure” wave interpretation can be
accepted only in cases of large quantum numbers of oscillators with frequencyV, into which the free
electromagnetic field (a field in the absence of charges) is divided within the quantum theory. The large quantum
numbers correspond to enormous numbers of photons and then it is possible to switch from the representation of
a partial photon by the “wave packet” or “Gaussian” with energy hV to an electromagnetic wave in an
“extensive” space containing no charges. This electromagnetic wave already describes by its motional equation the
force action of the macroscopic electric field intensity and macroscopic magnetic field magnetic induction,
exerted, for example, on particles of a hypothetical medium in their ordered transverse oscillating motion. It
behaves as a “classical” wave and as a non-statistical physical object, in spite of the fact that this “classical” wave
propagates with a phase speed equal to the speed of light. For the representation of a single photon by the
“Gaussian”, the electric field intensity is concentrated only in certain “small” regions of space that, however, also
propagate with the phase speed C - this is, however, not electromagnetic wave motion or electromagnetic radiation
as considered in the usual macroscopic conception.

In the sphere of the electromagnetic field, the classical and non-statistical interpretation can also be accepted only
for long distances from a system of charges - this condition is a condition of the free electromagnetic field and
thus, it should be associated with a condition of an enormous number of photons. Under these two conditions,
the electromagnetic field can be considered as a classical and non-statistical physical object propagating through
space (a vacuum or non-ferromagnetic dielectric) as a “classical” electromagnetic wave. At large distances from
the system of charges (in the so called ‘wave zone of radiation’) and in the presence of enormous numbers of
photons, electromagnetic radiation can also be considered as electromagnetic wave motion.

3.2. The Lagrangian and Hamiltonian Formalismsin Electromagnetic Field

The Lagrangian and Hamiltonian formalisms include the following steps for the electromagnetic field:

a) Determination of motional equations for a charge in an electromagnetic field (mostly second type Lagrange
equations; the use of the charge Lagrange function in an electromagnetic field),

b) Adjustment of motional equations and determination of the relation for the Lorentz force (including the
introduction of electric field intensity and the magnetic induction of the magnetic field),

c) After solving the problem of the charge motion in a constant electromagnetic field (the constant field is
independent of time), as a side product it is possible to delimit the first two electromagnetic field equations
(first pair of Maxwell equations for electric field vortices and magnetic field sources),

d) Specifying the Hamilton principle (principle of least action as a basic task of the calculus of variations) for the
electromagnetic field,

e) Determination of the third and fourth equations of the electromagnetic field (second pair of Maxwell equations
for magnetic field vortices and electric field sources),

f) Demonstration of the existence of electromagnetic waves in media containing no free charges (in vacuum and
in dielectric) by deriving the wave equation for the electromagnetic wave motion.

4. The Movement of Classical Charged Particlein Homogenous
Magnetic Field

4.1. Lagrange Equations of Charge (elaborated according to [10])

The principal formalisms of mechanics are the Lagrangian and Hamiltonian formalisms. The use of the
Lagrangian and Hamiltonian formalisms is given by the following sequence of steps a) through e):

a) Delimitation of the physical problem and classical initial conditions (values of coordinates and velocities at a
given instant of time),

b) Determination of the appropriate number r of bonds (i.e. geometric limitations of the motion) and the
appropriate number n of the general coordinates ¢j and the linear momenta pj (the number of ¢ as well as p;is
obtained by subtracting the number r of bonds from the number 3N of common Cartesian coordinates of N
particles, i.e. N=3N—r),
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c¢) Determination of the Lagrange function L and Hamilton function H (in simple cases H=T + V, where T is
kinetic energy and V is potential energy)

() L=T-V, H=X p; g, -L=T+V,

d) Determination of the motional equations (Lagrange equations of the first or second type or Hamilton canonic
equations; in the case of the changeover to the Newtonian formalism, determination of the relevant form of
Newton’s second law of motion, i.e. the law of force). Lagrange equations of the second type for simple cases are
in the form

(4oL oL
dt dq; dq;
their number is N =3N—r, and the Hamilton canonic equations can be written
. oH . oH ‘
(22) qj ==, pj =-——(they are 2n in number).
Ip; 9q;

The law of force for a free material point is commonly in the form (0) F=mr.

e) The solution to motional equations with the aim of finding the form of motional law (i.e. the trajectory in the
phase space in the case of Hamiltonian formalism, the trajectory in the configuration space in the case of
Lagrangian formalism, or only the trajectory within the Euclidean space and common Cartesian coordinate system
in the case of the Newtonian formalism). The configuration space is an n-dimensional space of the general
coordinates ¢ (] typically denotes all the n general coordinates) and the phase space is a 2n-dimensional space of
the general coordinates ¢ and the general linear momenta p;. General linear momenta p; can be obtained from

® p=%
J

The constant electromagnetic field is a field that is independent of time. The classical charge is a charged particle
moving with non-relativistic speeds along common trajectories.

For finding the Lagrange function L of the charge Q in a constant field, it will be necessary to generalize relation
(1) - instead of relation L = T —V, it will be necessary to use the relation L = T — U with the generalized potential
energy U (the generalized potential energy also depends on speeds). The kinetic energy T of the charge is given by

T:%mvz,

where V is the charge non-relativistic speed. The potential energy U can be expressed by
U=-QEF - % B(FxV),

where E and B are the constant electric field intensity and magnetic induction of the constant magnetic field, I’
is the common position vector. The Lagrange function for the constant field can be then written in the form

@ L=T-U= Y mt+QEr+Y Brxv).

After a substitution for L into second type Lagrange equations (2) (generalized coordinates q;=X, =Y, 0z=2), it is
possible to obtain a summarized form for all the three motional equations

5) mF=Q.E+Q (\7><|§)

After comparison with the law of force (0), it is possible to see that the electromagnetic field examined acts on

—_—

a charge by an electromagnetic force Felmg (the so called ‘Lorentz force’) that consists of an electric force Fel

and magnetic force Fmg 2 (6) Felmg = Fe( + Fmg -QE+ Q(\7>< é)

The constant electromagnetic field will be further investigated separately as a homogeneous electric field and
homogeneous magnetic field.
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4.2. Structure of Derivation (elaborated according to[10])

The homogeneous and constant magnetic field will have its magnetic induction B (0,0,B); the electric field will

have its intensity E (0,0,0). The initial conditions of the charge motion are V (0,v,0), T (0,0,0). After substitution
into the Lagrange function (4) its form will be

L= %m(xz " yz +72 )+% B (xy— xy) (see Paragraph 4.3.).

After substitution into second type Lagrange equations (2) for the Lagrange function, it is possible to obtain
motional equations in the form

Qgp, Q

mX— = By— > Qs &
2 7 2

BYy=0, my+ = Bi+ =BX=0, m2=0

By using initial conditions and introducing @ = , it is possible to obtain the first two motional equations in

QB
m
the simple form X=@ Y, ¥ =-@ X (see Paragraph 4.4.).

The motional equations can be solved by introducing a complex variable & = X + 1Y. The equation ¥ =-@ X

can be then multiplied by the imaginary unit i and summed with the equation X= @ V; the result will be

0= -1 W (. In this equation, integration results in:
Ina =-1wt+1InC, ie. & =1V exp (—iw1) (integration constant C = 1Vp).

By using the Euler relation, it is possible to obtain & =1V cos @t + Vo sin @ t. Based on the equality of
complex numbers on the left and right sides of the equation obtained and on further integration, it is possible to
obtain the motional law in the form

v, v, Vv, .
=-—cos wt+ —, y= — sin wt (see Paragraph 4.5.).
@ @ w

Thus, the trajectory is a circle in the coordinate plane of the x- and y-axis with coordinates of its centre

A . mv,
— and 0 and radiusr= — = —— (see Paragraph 4.6.)
(0] w B

4.3. Finding the Form of the L agrange Function (elaborated according to
[10])
Find the form (4) of the Lagrange function

_1 =7 Cy S (F v

L A mv’+QEFT + ) B(Fxv)

for a homogeneous magnetic field B (0,0,B).
Solution

a) E(0.00). B0.0B). FxV=(yz—yz)i +(2x—2¢)] + (xy — xy)k
b) Ef =0, B(fxV)=B(xy-xy), V=X +y’ +2°
Result

L=%m()’(2+y2+22)+% B(xy — xy).
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4.4. Finding the Forms of the L agrange Equations (elabor ated accor ding
to[10])

For a homogeneous magnetic field B (0,0,B) and its Lagrange function

1 . . . .
L=5 m (X2 + y2 + Zz) + % B(xy— xy) (see Paragraph 4.3.), find the forms of the Lagrange equations by

. . d oL dL
a substitution for L into 2) — ————=
dtdq; dq,
Solution
d dL dL d({ . Q Q.. . . . ) QB
———-—=0 — | mMX—=By |-—By=0=> mx-QBy=0 =0Yy,0=——-
dt 9 ox :dt[ 2 y) o BY=0= M-QBy=0=X=wy.0="
d oL dL d({_ . Q Q.. . . . . QB
—————=0 — +=Bx|+=Bx=0 +QBx=0 =-WX0=——
dtay oy jdt(my 2 j 2 = m+Q = YEere=T

Result The forms of the motional equations are X=@y, Y=-w X, 2=0.

4.5. Finding the M otional Law for a Classical Proton (elaborated according
to [10])

For a homogeneous magnetic field B (0,0,B) and its second type Lagrange equations X=@y, V=-w X,
@ = — (see Paragraph 4.4.), find the motional law for a classical proton with a charge Q = €. Use the complex
m

variable & = X + 1Y and Euler relation
exp(— ik) = cos K— i sin K. The initial conditions are I' = F(0,0,0) , V= \7(O,V0 ,0).

Solution

a) AdditionX=wy, iy =-iwXx = X+iy=w(y—iX) = X+ij=—(x+iy) => d=-iwa
1

da ) . ) . —imt . .. —iwt
b) The first integration — = -i@wdt = In & = -iwt+InC = a=C.e s o= v e !

o

. —iwt .. . —iwt . .
c) Euler relation € =cos wt—1sin wt= 1v,€ =V sin wt+1vycos ot =
= X=Vpsin wt, y=V,cos ot
. . Vo Vo
d) The second integration X =- — cos @t +C;, y= — sin wt+C;, =
w w

v, v, vy .
=>X=-—coswt + —, y= sin ot

~0
1) 10} w
Result

. I VO VO = VO . = "
The form of motional law is I = (- — cos et +—) i + — sinat j+0 K.
[0 [ w
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4.6. Finding the Shape of the Proton Trajectory (elaborated according
to[10])

The motional law for a classical proton with initial conditions ' = I_"(0,0,0) , V= \7(0, V, ,0) in a homogeneous

magnetic field B (0,0,B) is in the form derived in Paragraph 4.5.

_ V V - V . - g
Fr=(--2coswt+-2)i+-Lsinwt j+0k,
@ ® @

where @ = Q— . Find the shape of the proton trajectory and write the resonance condition for the possible use of
m

a cyclotron for the proton acceleration.

Solution

2

V V, Vv, . \Y/ Y/

=-Lcoswt + L, y=-"sinot= (X——L) +y =
® @ ® ® w

V, V,
Result 1 The proton trajectory is a circle with its centre S ,0] and radius I = =2
w w

. o QB QB .
Result 2 The angular frequency of the circular motion is @ = ——, frequency V= 2— . The alternating
m zm

voltage on cyclotron duants should adhere to the mentioned resonance condition.
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Abstract

The contribution presented here describes a laboratory built for teaching personal dosimetry and methods of the
teaching process. The laboratory is equipped with instruments employed for monitoring doses, activities and dose
rates in all-state organizations, in nuclear and health facilities and in industrial companies using ionizing radiation
sources. These are thermoluminescent and electronic dosemeters with appropriate reading devices, instruments for
measuring dose rates and beta and alpha activities and also a gamma-ray spectrometric system for determining
gamma-ray doses. Not only students of the Faculty of Health and Social Studies of the University of South
Bohemia, but also students of other Czech universities are being familiarized with principles of these instruments.
Based on several experiments carried out with each instrument in the laboratory, students have a chance to check
their function and parameters in this laboratory. The most important parameters include long-term as well as short-
term stability of measurements, different dependences of measurement results, for example of the radiation type
and energy, direction, time of irradiation, etc. In the course of their degree works, the students measure doses of
persons working with ionizing radiation sources or doses and activities in the environment with the use of these
systems. Thereafter, the students subject the results obtained from the laboratory as well as from the practice to
statistical processing and dosimetric interpretation in the manner typically used by physicists in their practical
occupational environment. Presented curriculum is showing the importance of the projected curriculum as integral
part of theory curriculum (see paragraphs “Educational Dimension of Contribution).

The contribution is classified from the point of suitable variant form of curriculum. The curriculum process
created by conceptual curriculum, intended curriculum, projected curriculum, implemented curriculum, and
attained curriculum enables the classification as follows: Laboratory for Teaching Personal Dosimetry and
Methods of the Teaching Process is representing significant part of the projected curriculum.
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Projected Curriculum, Transformations of Didactic Communication, Teaching Personal Dosimetry, Methods of
Teaching Process, Laboratory Instruments, Monitoring Doses, Monitoring Activities, Monitoring Dose Rates,
Thermoluminescent and Electronic Dosemeters, Statistical Processing, Dosimetric Interpretation
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INTRODUCTION IA — VARIANT FORMS OF CURRICULUM

Within the framework of theory of curriculum it is necessary to express and communicate suitably the individual
transformations between the variant forms of curriculum and it should be also performed in the area of higher
education. During learning as problem solving by Zaskodny’ mentioned transformations of curriculum are
associated with conception of Didactic Communication which can be called in the area of higher education the
conception of Educational Communication.

The concept “Curriculum” can be explained as “educational content” and the theory of curriculum, adequate to
conceptions of educational and didactic communications is issuing from the philosophy of essentialism.

Survey of curriculum variant forms transformations within educational and didactic communications

In the framework of the conceptions "Didactic Communication" and “Educational Communication®, here is the
order of transformations of scientific curriculum.

This order of transformations is as follows from the scheme:

Transformation T1: Relevant science — System of relevant science from the point

of view of its communication (Conceptual Curriculum)

Transformation T2: Conceptual Curriculum — Educational content (Intended

Curriculum)

Transformation T3: Intended Curriculum — Textbook, laboratories as the components of the

instruction project and further components (Projected Curriculum)

Transformation T4: Projected Curriculum — Knowledge already achieved

(Implemented Curriculum)

Transformation T5: Implemented Curriculum— Lasting component of the education and

its application. (Attained Curriculum)

Presented contribution is issuing from Transformation T4. Its content is creating the typical part of projected
curriculum in the area of radiation physics. This contribution tries to show that not only conceptual and intended
curriculums are very important but also the elements of projected curriculum are very necessary for total picture of
theory of curriculum.

INTRODUCTION IB - TEACHING PERSONAL DOSIMETRY

The Faculty of Health and Social Studies of the University of South Bohemia was founded in 1991. At the
Department of Radiology and Toxicology, the branches “Applied radiobiology and toxicology”, “Radiological
assistant” and “Protection of inhabitants oriented at CBRNE (Chemical-Biological-Radioactive-Nuclear-
Explosives)“, are accredited within bachelor study programs, the branch “Crisis radiology and toxicology” being
accredited in a further master study. The above mentioned branches include subjects concerning radiation physics,
radiation protection, dosimetry, clinical dosimetry, etc. In all these subjects, the students are taught to gain
knowledge of instruments and measurement systems useful in personal dosimetry of employees working with
ionizing radiation as well as of inhabitants: for monitoring both external irradiation and internal contamination.
This teaching process cannot rely on pictures only. Thus, in association with constructing a new building in Ceské
Budgjovice, the Faculty of Health and Social Studies also established the teaching laboratory of personal
dosimetry'®, in which the students will have their chance to work with certain measurement systems and
dosemeters.

We initiated the teaching process with monitoring doses from external irradiation with the help of DMC 2000 XB
electronic dosemeters from the company Merlin Gerin (henceforth EPD)' and thermoluminescent LiF dosemeters
(with the Harshaw 3500 meter) (henceforth TLD)?. The students are taught to be able to handle with the
equipment, to determine the system stability, dosemeter background, directional (and latter also energy)
dependences of the detection efficiency and fading of dosemeters. The measurement of dose rates, particularly
from the natural background, is performed on the NRG 302 A device.” In a further work, they determine the
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energy dependence of dosemeters and external irradiation meters and its use in practice (determination of doses at
nuclear power plants, in health facilities, in industry, etc.).

Monitoring of the internal contamination of persons comprises measurements of activities of excreta with the help
of gamma-ray spectrometry® and low-background measurements of alpha- and beta-emitters. The same equipment
serves for monitoring radionuclides in the environment. Students learn to handle with these instruments and to
calibrate them for particular types of radioactive sources. Thereafter, they perform practical measurements of
activities of materials from the environment, including biological materials (e.g. the urine, etc.).

II. DESCRIPTION OF TEACHING EQUIPMENT

A. TLD INSTRUMENTATION

The manual TLD reader Harshaw, model 3500 is a computer-controlled, hand-operated bench instrument for
thermoluminescent dosimetry measurements.

The reader is controlled by the Harshaw WinREMS software,? which is a dosimetric controlling system based on
Windows. This software provides all the functions for the calibration and quality control, as well as storing,
transfer and export of all the dosimetric data.

TL detectors made of different materials are available in various sizes of chips, rods and discs, which may all be
read off in the model 3500. In our case, TLD-100 chips are used, which are put onto a heated planchet of the
reader.

The reader employs contact heating up to 400 °C. The time and temperature profile (TTP) is defined by the user in
three segments as follows: Preheating, Acquisition, Annealing, each of them with independent time and
temperature.

To improve the precision of reading low exposures off and to prolong the planchet life, model 3500 provides
streaming of nitrogen around the planchet.

B. EPD INSTRUMENTATION

The electronic personal dosemeter of the company Merlin Gerin, type DMC 2000 XB consists of a PVC case
(resistant to a 1.5-m fall), two silicon detectors (producing pulses after interactions of photons or electrons with
sensitive parts of diodes shielded by different filters), electronic circuits (including an amplifier, microprocessor,
etc.) and Li-Mn battery. The weight of the whole dosemeter including the battery and removable clip does not
exceed 60 g.

For the use of the personal dosemeter, it is suitable to know the procedure, by which instantaneous values of
personal dose equivalents H, Hy and of their rates can be immediately determined. The dosemeter operates in
several modes. The “standby” mode and the “measurement” mode are most frequently used:

Standby mode - the display indicates: =~ PAUSE

The measurement mode — the display indicates: The dose equivalent H,,
The rate of the dose equivalent H,,
The dose equivalent H;
The rate of the dose equivalent Hy

Switching from the standby mode to the measurement mode and vice versa is carried out by hand directly on the
dosemeter (by pressing a button) or with the help of the LDM 220" scanner and the SW Dosimass’ on a computer.
Both methods (manually and by the SW), make it possible to preset signalization levels (alarm) of all the four
quantities measured. Acoustic signal is also issued by the dosimeter if these levels are exceeded.

C.NRG 302 A INSTRUMENTATION

The NRG 302 A dose ratemeter serves (thanks to its easy portability — weight up to 4 kg) for the location of
ionizing radiation sources and mapping photon ionizing radiation fields in outdoor as well as indoor environments.

The instrument response is given by the counting rate, which can be read off in a range of 10" to 3x10* s with
a precision of +1%. With respect to the energy dependence in a range of gamma-ray energies of 25 keV to 2.5
MeV, the correction for the device sensitivity £ should be introduced from
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N=kD,
where # is the counting rate (s™) and D is the dose rate (Gy s). The coefficient & is provided in a table.
D. GAMMA-RAY SPECTROMETER

A gamma-ray spectrometer in the classical setup: Nal(T1) scintillation detector, preamplifier, amplifier, analog-to-
digital converter (ADC), multichannel analyzer (henceforth MCA) and evaluation unit (PC) with the user SW. In
the current state of art, ADC and MCA are parts of PC and their parameters are controlled by the SW in a way that
makes possible optimum evaluation of the detector response. We use the program ACCUSPEC, which enables
one to preset inter alia the following parameters:

- Scintillation detector voltage (750 V is used here);

- Time of measurement (Acquire Preset) including starting and stopping the measurement and spectrum clearing
(Acquire On, Out, Erase);

- ADC (Setup ADC) for example lower and upper discrimination (coarse LLD, fine LLD, ULD), conversion
(Gain) etc.;

- Display including Setting of pulse axis (V scale — lin, log, sqrt) etc.;

- Calibration of channel axis automatically from spectra in the PC memory or manually: energy or peak half-width
(FWHM);

- And a number of further parameters described in the manual.
E. LOW-LEVEL ALPHA-BETA COUNTING ASSEMBLY

The NA 6201 type system from the company Tesla PfemysSleni comprises an anticoincidence connection of
a proportional detector (methane-filled measuring detector) and scintillation detector, everything in lead shielding.
The evaluation system consists of classical parts: high voltage power supply for the two detectors, preamplifier,
amplifier, analog-to-digital converter and pulse and time counter (Scaler, Timer). The high voltage power supply
makes it possible to apply 1000 to 5000 V on the proportional detector and 400 to 2000 V on the scintillation
detector.

III. LABORATORY TASKS

A.TLD

1. Task 1- Reference light stability

a) Short-term measurement of reference light.

Order: ten times, three times with 60 min pauses.

b) Long-term measurement of reference light.

Order: ten times 30 s every week.

2. Task 2 — Current stability in dark (noise) and detector background

a) Long—term measurement of current in dark (without nitrogen).

Order: ten times in each of three consecutive weeks.

b) Long-term measurement of detector background (without nitrogen).

Order: five dosemeters in each of three consecutive weeks.

3. Task 3 — Stahility of detector background measurement, measurement efficiency, fading
a) Long-term measurement of non-irradiated detector (background with nitrogen).
Order: five dosimeters in each of three consecutive weeks.

b) Measurement of detector exposed to 5 mGy.

Order: three dosemeters in each of three consecutive weeks.
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B. EPD
1. Task 1 —Measurement of background

a) Switch to the measurement mode and back to standby mode. Switch within the measurement mode to Hp, Hp
rate, Hs and Hs rate.

Ten times.

b) Determination of background in measurement modes Hp and Hs.
Five dosemeters for a period of 5 weeks.

2. Task 2 —Measurement of detection efficiency

a) Reading the Hp and Hs on a dosemeter exposed to 5 mSyv; radiation directed perpendicularly to the dosemeter
(0°).
5 dosemeters.

b) Reading the Hp and Hs of a dosemeter exposed to 5 mSv; radiation directed obliquely to the dosemeter (45°,
90°).

5+ 5 dosemeters.

Task 3 — Dependence of response on time

a) Reading off the Hp and Hs (see Task 2 a).

5 dosemeters (the same as in Task 2 a) situated for two months inside of shielding).
b) Reading off Hp and Hs (see Task 2 b).

5+ 5 dosemeters (as in Task 2b) situated for 2 months in shielding).

C. NRG 302 A INSTRUMENT
1. Task 1 —Measurement of natural background in laboratory

a) The instrument is switched on, the level of battery charging is determined and the instrument is allowed to rest
at time constant 10 s. Thereafter, the background value in laboratory is measured 1 m above the floor on a scale
corresponding to the range preset. The range is preset in a way providing that the pointer moves between 0.1 and
0.9 the scale.

b) The instrument in switched to time constant 3 s and allowed to rest for 1 min; the background value is read off.
c¢) The same procedure with time constant 1 s.
d) The same procedure with time constant 0.3 s.

e), f), g) and h): The same procedure as under a) to d) in reverse order of time constants, always after 1 min
resting.

i) The correction filter is attached to the probe and the procedures under points a) to h) are performed.
2. Task 2 — Outdoor measurement of natural background

In this task, procedures under a) to i) are the same as in Task 1. Outdoor measurements are performed 1
m above the ground (preferably above grass or ploughed soil).

3. Task 3 —Measurement of etalon dose rate

In this task, a *’Cs etalon is put onto the detector and procedures a) to i) are performed as in Task 1 (in
point i); the etalon is put onto the correction filter. Based on Table I, the etalon dose rate for the given geometry is
calculated from the counting rate.
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D. GAMMA-RAY SPECTROMETER
Task 1 — Calibration with ®Co point source

A ®Co point source (under 100 kBq) is put onto the detector and the detector voltage (750 V) is switched on. The
measurement time (Acquire Preset Live) is set: 160 h in this case. Accumulation of counts from the photon source
is started. The procedures after completing the accumulation are as follows:

a) The cursor is set to the center of the first peak, and the channel corresponding to energy of 1175 keV is
established; the same procedure is performed for the second *°Co peak at 1332 keV.

b) With the help of markers, both peaks (ROIs) are marked and the counts in each ROI (integral) and in each peak
top (centroid) are read off.

c¢) The efficiency is calculated as counts per second per activity unit and the half-width of each peak is determined
with the help of the program ACCUSPEC (Calibrate — Manual — FWHM).

d) The spectrum is cleared and the whole procedure from the spectrum acquirement to the evaluation of the
efficiency and half-width is repeated twice more.

e) Results are subjected to statistical processing.
2. Task 2 —Energy calibration in Marinelli geometry

The Marinelli vessel with a radionuclide mixture (total activity up to 100 kev) is put onto the detector, the voltage
of 750 V is switched on, the time of measurement of 160 h is preset (Acquire — Preset — Live) and spectrum
accumulation is started (Acquire — On). After completing the accumulation for particular peaks, the pair Channel
(Ch) - Energy (E) is set in such a way that the cursor is situated to the peak center and appropriate photon energies
are entered into the PC (Calibrate — Manual — Energy) for at most of 10 peaks. After last touching of Enter, the
program ACCUSPEC calculates the dependence

E=A+B xCh.

The axis of channels is thus calibrated. The process is repeated after five weeks and the two dependences are
compared with one another.

Task 3 — Detection efficiency in Marinelli geometry

This task is a continuation of Task 2 in the sense that the accumulated and energy-calibrated spectrum is used. The
procedure for each peak is identical with steps a) to e) in Task 1, provided that a curve of dependence of the
efficiency for each peak (integral per one channel or centroid) on the photon energy is conclusively plotted.

E. NA 6201 MEASURING ASSEMBLY
1. Task 1 — Optimum setting of proportional detector

Onto a dish situated under the proportional detector, a *°Sr etalon is placed and measured at different voltage
values on the proportional detector; the voltage on the proportional detector is set to 1000 V and subsequently
increased at 100-V steps (each step of 25 divisions) to 4600 V (0 to 900 divisions); the measurement time is of
300 s for each measurement step. The resulting number of counts is plotted in a graph of the dependence on the
detector voltage, and the center of the plateau of the curve is considered as the optimum voltage for the
measurement.

2. Task 2 — Optimum setting of scintillation detector

The procedure is similar to that in Task 1, but the voltage on the scintillation detector is varied (on the
proportional detector, there is a constant voltage at the optimum point according to Task 1). The voltage is varied
by 40-V steps (each step of 25 divisions) from 560 to 1200 V (100 to 500 divisions) with time of 300 s per each
measurement step. Thereafter, the optimum point (voltage) of the measurement is established from the dependence
of the number of counts on the voltage.

3. Task 3— Determination of *Sr etalon detection efficiency

a) The number of counts from the *’Sr etalon is measured at optimum points of both detectors for 600 s. The
measurement is performed five times and the average value and standard error are calculated in counts per s. The
detection efficiency is established as a ratio of the counting rate and etalon activity.

b) After five and ten weeks, the measurement under a) is repeated, all the average values are compared and the
measurement stability is established.
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IV. STATISTICAL DATA PROCESSING

1. Mean value and standard error

The most important distribution describing the distribution of the likelihood of a random quantity of continuous
nature (in contrast to binomial and Poisson distributions describing the distribution of the likelihood of a discrete
variable), is the normal distribution (also referred to as the Gaussian distribution).

If we denote the mean the background value by P
P=XP;/n

and the squared error by s°, then
s=XP-P)/(n-1)

P; are individual values of the background measured or possibly other responses and n is the number of
immediately consecutively carried out measurements.

2. Significance and detectability

Let us assume that the detection system response is a general variable following the normal distribution of the
likelihood and that the response to the background has its mean value P and response to the sample has its mean
value N, . If we denote the response value, which is the smallest response already corresponding to the response of
the sample measured, by N; then we deliberately accept a risk that the background response will also be
erroneously considered as the sample response with a probability a. The probability a is named the significance
level in statistics.

If we consider responses larger than N, as significant at a chosen significance level a , then there must necessarily
be a response with its mean value N,>N;, which will be erroneously considered as not significant with a
probability f . The probability a expresses the risk of a false positive conclusion, where the fluctuation of the
background response is erroneously considered as a response not caused by the background.

Altshuler and Pasternak’ introduced the name the smallest significant (critical) response for N, and the smallest
detectable response for N,. If the measurement system response is the number of counts (TLD instrument
indicates nanocoulombs), we speak about the critical or possibly smallest detectable number of counts.

The determination of N, is a test of significance at a significance level chosen. The determination of N, is a test
(prediction) of the acceptability of a particular method (measurement time, detection geometry) used for
establishing the system response to the object measured.

Curie® derived general relations for N, and N, with assuming a known value of the background response P and
chosen significance levels a and £.

If we accept the same risks of both errors, i.e. u, = up = u, with assuming that u’ « 8P, we obtain simplified
relations

N, =u~N2P, N,=u’+2N, =u’ +2u~N2P

Quantile u = 2.33 is usually used (for a significance level a = S = 1%).

3. Time dependence of the response

This dependence is determined as linear or quadratic (or even of higher order depending on the type of the
function) dependence of the response to the time, for example in the following measurements:

— The time dependence of the long-term measurement of reference light (stability) is obtained by the linear
regression of average daily values (from ten measurements) depending on time,

— The time dependence of the long-term measurement of the noise and background is obtained by the linear
regression of average daily values (from ten measurements or five dosimeters) depending on time,

— The time dependence of long-term measurements of irradiated dosemeters (fading) is obtained by the quadratic
regression of mean daily values (from three irradiated dosemeters) depending on time.
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The linear regression is carried out by fitting the straight line P =a + b ¢ to points in the graph of the dependence
of P; on t; , where P stands for the response of measuring the background or noise or reference light and t for time
(days, weeks). Constants a and b of the straight line are calculated from the system of equations

XPi=an+blXy
IPt=aXt;+b Xt

The quadratic regression is carried out in a similar manner for the parabola D =a + b ¢ + ¢ £ and points of the
graph D; (response of irradiated dosemeters) vs. ¢ (time). Constants a, b, ¢ of the parabola are calculated from the
system of equations

IDi=an+bXti+cXt]
IDjti=a Xt+b Xt +c Xt
D t'=a ZtP+b Tt +c Tt

V. CONCLUSION

The described method of measuring and evaluating data enables the students to master the work with equipment
for measuring external irradiation of persons and qualified evaluation of doses and dose rates. This knowledge is
suitable for persons working with ionizing radiation sources as well as for members of the public administration,
police and firemen, who are supposed to manage radiation accidents. Practical skill based on theoretical
knowledge will also offer a wider view of solving emergency situations.
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Abstract

The curricular process of chemistry is described as the succession of transformed variant forms of curriculum.
The analytical synthetic modeling curriculum variant form is described. The model of general chemistry is
presented as a part of analytical synthetic model of conceptual curriculum of chemistry.

CONTENT

1. Curriculum transformations within educational and didactic communication
2. Analytical synthetic modeling Variant Form of Curriculum

3. Analytical Synthetic Model of Conceptual Curriculum of General Chemistry

1. Curriculum transformations within educational and didactic
communication

Within the framework of theory of curriculum it is necessary to express and communicate suitably the individual
transformations between the variant forms of curriculum and it should be also performed in the area of higher
education. During learning as problem solving (see Prochazka, Zaskodny, 2007, [1]) mentioned transformations
of curriculum are associated with conception of Didactic Communication which can be called in the area of
higher education the conception of Educational Communication .

The concept “Curriculum” can be explained as “educational content” and the theory of curriculum, adequate
to conceptions of educational and didactic communications is issuing from the philosophy of essentialism.
The concept “Variant form of curriculum” can be explained as “variant form of educational content”.

In the framework of the conceptions "Didactic Communication" and “Educational Communication®, here is the
order of transformations of scientific curriculum.

This order of transformations is as follows from the scheme:

Transformation T1: Scientific System of Chemistry — Scientific system of chemistry from the point of view of
its communication (Conceptual Curriculum of Chemistry)

Transformation T2: Conceptual Curriculum of Chemistry — Educational content of Chemistry (Intended
Curriculum of Chemistry)

Transformation T3: Intended Curriculum of Chemistry — Instruction project of Chemistry and its
components (Projected Curriculum of Chemistry)

Transformation T4: Projected Curriculum of Chemistry — Knowledge already achieved (Implemented
Curriculum of Chemistry)

Transformation T5: Implemented Curriculum of Chemistry — Lasting component of the education and its
application (Attained Curriculum of Chemistry)
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Both, the succession of variant forms of curriculum and the succession of transformations T1 to T4 are
creating “Curricular Process of Chemistry”.

The general chemistry will be investigated as the conceptual curriculum (as the scientific system of chemistry
from the point of view of its communication) and as the integral part of curriculum process of chemistry.

2. Analytical Synthetic Modeling of Variant Forms of Curriculum

The analytical synthetic modeling variant form of curriculum will be described with the help of work
P.Zaskodny, 2007, [2]. The general analytical synthetic model variant form of curriculum as the analytical
synthetic model of problem solving is presented by means of figure Fig.1 and Legend to Fig.1.

a - Identified Complex Problem (Identifikovany slozity problem)

v A
b, - Partial Problem
No. 1 (PP-1)

Dil¢i problém ¢.1 (DP-1)

b, - Partial Problem
No. 2 (PP-2)
Diléi problém ¢&.2 (DP-2)

by - Partial Problem
No. k (PP-k)
Dil¢i problém ¢.k (DP-k)

4 4 \ 4 A4
¢;-Partial c,-Partial cs-Partial c4-Partial cj-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
v \4 A4 Y

d; - Partial Conclusion
No. 1 (PC-1)
Dil¢i zavér ¢.1 (DZ-1)

d, - Partial Conclusion
No. 2 (PC-2)
Dil¢i zavér ¢.2 (DZ-2)

dy - Partial Conclusion
No. k (PC-k)
Dil¢i zavér €.k (DZ-k)

v

e - Total Solution of Complex Problem "a" formed by means of PC-1, PC-2, .., PC-k

e - Celkové reseni slozitého problému ,,a“ vytvoiené pomoci DZ-1, DZ-2, .., DZ-k

Fig. 1 (Obr. 1)

General Analytical Synthetic Model of Cognitive Structure

Obecny analyticko-synteticky model kognitivni struktury
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Legenda k obr. 1
Legend to Fig. 1

a

a

By
B
by
by
Cx
o

Ck

Ck

Dy
Dy

dy
dy
Ex
Ey

(Identifikovany slozity problem) — Zkoumana oblast reality, zkoumany jev

(Identified Complex Problem) — Investigated area of reality, investigated phenomenon

(Analyza) — Analytické roz¢lenéni v ramci odpovidajici kognitivni trovné
(Analysis) — Analytical lay out within the framework of corresponding cognitive level
(Dil¢i problémy DP-k) — Vysledek analyzy: podstatné atributy a rysy zkoumaného jevu

(Partial Problems PP-k) — Result of analysis: essential attributes and features of investigated phenomenon

(Abstrakce) — Vymezovani podstat abstrakci v ramci odpovidajici kognitivni trovné

(Abstraction) — Delimitation of essences by abstraction within the framework of corresponding cognitive
level

(Dil¢i feseni DP-k) — Vysledek abstrakce: dil¢i pojmy, dil¢i poznatky, rizné vztahy, atd.

(Partial Solutions of PP-k) — Result of abstraction: partial concepts, partial knowledge pieces, various
relationship etc.

(Syntéza) — Syntetické nalezeni zavislosti mezi vysledky abstrakce v ramci odpovidajici kognitivni trovné

(Synthesis) — Synthetic finding of dependencies among the results of abstraction within the framework of
corresponding cognitive level

(Diléi zavéry DZ-k) — Vysledek syntézy: princip, zakon, zavislost, souvislost, atd

(Partial Conclusions PC-k) — Result of synthesis: principle, law, dependence, continuity etc.

(Myslenkova rekonstrukce) — Myslenkova rekonstrukce zkoumaného jevu / zkoumané oblasti reality

(Intellectual Reconstruction) — Intellectual reconstruction of investigated phenomenon / investigated area of
reality

(Celkové feseni slozitého problému ,a”) — Vysledek myslenkové rekonstrukce: analyticko-synteticka
struktura pojmové poznatkového systému

(Total Solution of Complex Problem "a") — Result of intellectual reconstruction: analytical synthetic
structure of conceptual knowledge system

3. Analytical Synthetic Model of General Chemistry

The analytical synthetic model of general chemistry is presented with the help of figure Fig.2 in Czech and
in English

This model represents the result of transformation T1 — conceptual curriculum of chemistry as the scientific
system of chemistry from the point of its communication
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Obr.2 (Fig.2) Analyticko-synteticky model konceptudlniho kurikula obecné chemie

ANALYTICKO SYNTETICKY MODEL OBECNE CHEMIE — konkrétni chemicka disciplina jako
uskute¢nény proces (IMPLEMENTED)
Spojovacim kritériem discipliny je energie (stabilizace systémt, zajiSténa minimem energie souboru castic)

' v

Zkoumané struktury latek, soubory Zkoumané fyzikalni a chemické
elementarnich ¢astic, modely atomu) vlastnosti latek jako odraz vnittni
struktury latek

A\ 4

Klasifikace elementarnich Castic Klasifikace chemickych vazeb a slabych
vazebnych interakci, molekulové orbitaly

\ 4 \ 4 \ 4 y
Klasické hledisko Kvantové mechanické Klasické hledisko Kvantove
hledisko mechanické
(pravdépodobnostni vinova hledisko
funkce y)
\ 4 \ 4

VInové-mechanicky model vazby,
molekulové diagramy

, v

Atomova spektra, hmotnostni Molekulova spektra, infracervena
spektrometrie a Ramanova spektroskopie, elektronova
spektroskopie

! !

Interagujici soubory Castic a energii — chemické reakce

Klasifikace chemickych reakci Klasifikace zakladnich druht sloucenin,
vzniklych chemickymi reakcemi

v
Reakce zalozené na Reakce zalozené na vyméné
vymeéné ¢astic energie (radioaktivita)
A 4 \4

Predmét zkoumani obecné chemie jako konkrétni chemické discipliny: obecna chemie studuje na zakladé
zakladnich chemickych zakont a periodicity elektronovych konfiguraci strukturu a z ni vyplyvajici obecné
fyzikalni a chemické vlastnosti prvki a jejich sloucenin, chemické reakce, reakéni mechanismy a vzniklé
soubory sloucenin, urcuje jejich nazvoslovi a definuje zakladni latkové konstanty a chemické vypocty.
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Fig.2 Analytical synthetic model of conceptual curriculum of general chemistry

An analytical synthetic model of general chemistry — a concrete chemical branch as an implemented process
A linking criterion of the branch is energy (stabilization of systems, assured by minimum energy of sets of

particles)

Surveyed structures of substances (sets of
elementary particles, atom models)

Classification of elementary particles

Surveyed physical and chemical characters of
substances as a reflection of inner structure of
substances

\ 4

Classification of chemical fixations and weak
linking interactions, molecular orbitals

A4 y A4
Classical view point Quantum mechanical view Classical view point Quantum
point (probability wave mechanical
function ) view

Atom spectra, mass spectrometry

v v

Wave mechanical bond model molecular
diagrams

Molecular spectra, infrared and aman
spectrometry, electron spectometry

Copuled particle and energy sets — chemical reactions

\ 4

Chemical reaction classification

A4

A

Classification of basic kinds of chemicals
originated from chemical reactions

Reactions based on particle
swap

Reactions based on energy swap
(radioactivity)

An object of exploring general chemistry as a concrete chemical branch: general chemistry studies on the
background of basic chemical laws and periodicity of electron configurations a structure and general physical
and chemical characters of elements and their chemicals flowing from it, chemical reactions, reaction
mechanisms and arosen sets of chemicals, defines their terminology and defines basic substance constants and

chemical calculations.
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Abstract

The curricular process of chemistry is described as the succession of transformed variant forms of curriculum.
The analytical synthetic modeling curriculum variant form is described. The models of inorganic and organic
chemistry are presented as the parts of analytical synthetic model of conceptual curriculum of chemistry.

CONTENT

1. Curriculum transformations within educational and didactic communication
2. Analytical synthetic modeling Variant Form of Curriculum

3. Analytical Synthetic Model of Conceptual Curricula of Inorganic and Organic Chemistry

1. Curriculum transformations within educational and didactic
communication

Within the framework of theory of curriculum it is necessary to express and communicate suitably the individual
transformations between the variant forms of curriculum and it should be also performed in the area of higher
education. During learning as problem solving (see Prochazka, Zaskodny, 2007, [1]) mentioned transformations
of curriculum are associated with conception of Didactic Communication which can be called in the area of
higher education the conception of Educational Communication .

The concept “Curriculum” can be explained as “educational content” and the theory of curriculum, adequate
to conceptions of educational and didactic communications is issuing from the philosophy of essentialism.
The concept “Variant form of curriculum” can be explained as “variant form of educational content”.

In the framework of the conceptions "Didactic Communication" and “Educational Communication®, here is the
order of transformations of scientific curriculum.

This order of transformations is as follows from the scheme:

Transformation T1: Scientific System of Chemistry — Scientific system of chemistry from the point of view of
its communication (Conceptual Curriculum of Chemistry)

Transformation T2: Conceptual Curriculum of Chemistry — Educational content of Chemistry (Intended
Curriculum of Chemistry)

Transformation T3: Intended Curriculum of Chemistry — Instruction project of Chemistry and its
components (Projected Curriculum of Chemistry)

Transformation T4: Projected Curriculum of Chemistry — Knowledge already achieved (Implemented
Curriculum of Chemistry)

Transformation T5: Implemented Curriculum of Chemistry — Lasting component of the education and its
application (Attained Curriculum of Chemistry)
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Both, the succession of variant forms of curriculum and the succession of transformations T1 to T4 are

creating “Curricular Process of Chemistry”.

The general chemistry will be investigated as the conceptual curriculum (as the scientific system of chemistry

from the point of view of its communication) and as the integral part of curriculum process of chemistry.

2. Analytical Synthetic Modeling of Variant Forms of Curriculum

The analytical synthetic modeling variant form of curriculum will be described with the help of work
P. Zaskodny, 2007, [2]. The general analytical synthetic model variant form of curriculum as the analytical

synthetic model of problem solving is presented by means of figure Fig.1 and Legend to Fig.1.

a - Identified Complex Problem (Identifikovany slozity problem)

\ 4 A
b, - Partial Problem b, - Partial Problem by - Partial Problem
No. 1 (PP-1) No. 2 (PP-2) No. k (PP-k)
Dil¢i problém ¢.1 (DP-1) Dil¢i problém ¢.2 (DP-2) Dil¢i problém &.k (DP-k)

vcl—Palrtial c‘;—Partial g c;-Partial c4-Partial cj-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
v A \ 4 Y

d; - Partial Conclusion
No. 1 (PC-1)
Dil¢i zavér ¢.1 (DZ-1)

d, - Partial Conclusion
No. 2 (PC-2)
Dil¢i zavér ¢.2 (DZ-2)

dy - Partial Conclusion
No. k (PC-k)
Dil¢i zavér ¢.k (DZ-k)

v

e - Total Solution of Complex Problem "a" formed by means of PC-1, PC-2, .., PC-k

e - Celkové reseni slozitého problému ,,a“ vytvoiené pomoci DZ-1, DZ-2, .., DZ-k

Fig. 1 (Obr. 1)

General Analytical Synthetic Model of Cognitive Structure

Obecny analyticko-synteticky model kognitivni struktury
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Legenda k obr. 1
Legend to Fig. 1

a

a

By
By
by
by
Cx
Cx

Ck

Ck

Dy
Dy

dy
dy
Ex
Ex

(Identifikovany slozity problem) — Zkoumana oblast reality, zkoumany jev

(Identified Complex Problem) — Investigated area of reality, investigated phenomenon
(Analyza) — Analytické roz¢lenéni v ramci odpovidajici kognitivni trovné

(Analysis) — Analytical lay out within the framework of corresponding cognitive level
(Diléi problémy DP-k) — Vysledek analyzy: podstatné atributy a rysy zkoumaného jevu

(Partial Problems PP-k) — Result of analysis: essential attributes and features of investigated phenomenon

(Abstrakce) — Vymezovani podstat abstrakci v ramci odpovidajici kognitivni Grovné

(Abstraction) — Delimitation of essences by abstraction within the framework of corresponding cognitive
level

(Dil¢i feseni DP-k) — Vysledek abstrakce: dil¢i pojmy, dil¢i poznatky, rizné vztahy, atd.

(Partial Solutions of PP-k) — Result of abstraction: partial concepts, partial knowledge pieces, various
relationship etc.

(Syntéza) — Syntetické nalezeni zavislosti mezi vysledky abstrakce v ramci odpovidajici kognitivni trovné

(Synthesis) — Synthetic finding of dependencies among the results of abstraction within the framework of
corresponding cognitive level

(Diléi zavéry DZ-k) — Vysledek syntézy: princip, zakon, zavislost, souvislost, atd

(Partial Conclusions PC-k) — Result of synthesis: principle, law, dependence, continuity etc.

(Myslenkova rekonstrukce) — Myslenkova rekonstrukce zkoumaného jevu / zkoumané oblasti reality

(Intellectual Reconstruction) — Intellectual reconstruction of investigated phenomenon / investigated area of
reality

(Celkové feseni slozitého problému ,a”) — Vysledek myslenkové rekonstrukce: analyticko-synteticka
struktura pojmové poznatkového systému

(Total Solution of Complex Problem "a") — Result of intellectual reconstruction: analytical synthetic
structure of conceptual knowledge system

3. Analytical Synthetic Models of Inorganic and Organic

Chemistry

The analytical synthetic models of inorganic and organic chemistry are presented with the help of figures Fig.2
and Fig.3 in Czech and in English

These models represent the result of transformation T1 — conceptual curriculum of chemistry as the scientific
system of chemistry from the point of its communication
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Obr.2 (Fig.2)Analyticko-synteticky model konceptuilniho kurikula anorganické chemie

ANALYTICKO SYNTETICKY MODEL ANORGANICKE CHEMIE — konkrétni chemicka disciplina jako
uskutecnény proces (IMPLEMENTED)
Spojovacim kritériem discipliny je periodicita struktury a vlastnosti prvkti v Mendélejevové periodické
soustave prvkl

A
Zkoumané vzajemné periodické vztahy prvki v

Zkoumané fyzikalni a chemické vlastnosti latek
Mendélejevove periodické soustaveé prvkid (PSP)

jako dusledek vnitini struktury atomti prvka

A 4

Klasifikace chemickych Klasifikace chemickych Klasifikace reakénich Klasifikace chemickych
vazeb jako dusledek reakci jako dusledek mechanismi prvka vazeb jako disledek
stavby valen¢nich vrstev plynoucich z jejich stavby valencnich vrstev

stavby valenc¢nich vrstev
polohy v PSP prvka

prvku prvki

' ! ! !

Klasifikace soustav v anorganické chemii

Klasifikace reakci v anorganické chemii

i \4 \4 l \4

Reakce zalozené Reakce zalozené || Reakce zalozené na Soustavy Soustavy z hlediska
na vyméng Gastic | [na vymeéné energie|| zménach skupenstvi z hlediska vymény energie
latek velikosti ¢astic s okolim
v
Redoxni endotermni homogenni homogenni oteviené
protolytické exotermni heterogenni heterogenni uzaviené
analytické koloidni izolované
syntetické
konverzni
substitu¢ni
komplexotvorné
acidobazické
\ 4 A

Soustavy anorganickych latek definovanych
fyzikalnich a chemickych vlastnosti, pfipravené pro
praktické vyuziti

Soubory chemickych déji za vzniku energeticky
stabilizovanych anorganickych slouc¢enin

Predmét zkoumani anorganické chemie jako konkrétni chemické discipliny: anorganicka chemie studuje na
zaklad¢ periodicity elektronovych konfiguraci prvkd v PSP prvky samotné, jejich slouceniny a reakéni
mechanismy, jimiz tyto latky vznikaji. Popisuje vlastnosti a vyuziti sloucenin, urcuje jejich nazvoslovi.
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Obr.3 (Fig.3) Analyticko-synteticky mode konceptudlniho kurikula or ganické chemie

ANALYTICKO SYNTETICKY MODEL ORGANICKE CHEMIE — konkrétni chemicka disciplina jako
uskutec¢nény proces (IMPLEMENTED)
Spojovacim kritériem discipliny je vaznost uhliku v excitované stavu prostiednictvim piekryvll ¢ an

v

A 4
Uhlovodiky jako binarni slou¢eniny uhliku a vodiku Derivaty uhlovodikii —
\ '

»  Uhlovodiky se ¢ vazbami | Bezkyslikaté derivaty || Kyslikaté derivaty | |

v fetézcich uhlovodikt uhlovodika

Uhlovodiky se @ vazbami || droxvderiva

v fetézcich » Dusikaté derivaty || |pj Hydroxyderivaty
Uhlovodiky s konjugovanymi > - | ™ Karbonylové slou¢ [
systémy 7 vazeb — »  Halogenderivaty
| Karboxylové kyseliny [
A 4 A4 y
Zakladni typy reakénich mechanismt —| Specifické reakéni mechanismy derivata
organickych sloucenin uhlovodiki
y > Esterifikace
Organické reakce Organické reakce . —
prostiednictvim prostiednictvim Alkalicka a acidicka hydrolyza
o elektront 7 elektronti
»| Karboxylace a dekarboxylace
Oxidace a redukce
> Aldolova kondenzace

y A4 y

Energetické bilance organickych reakci

' \

Vliv prostorového uspofadani molekul organickych Vliv prostorového usporadani molekul organickych
latek na jejich reaktivitu latek na jejich fyzikalni a chemické vlastnosti

A 4

Predmét zkoumani organické chemie jako konkrétni chemickeé discipliny: organicka chemie studuje na zékladé
Ctyfvaznosti uhliku a jeho schopnosti fetézit se obrovské mnozstvi organickych sloucenin, mechanismy
organickych reakei a zplisoby vyuziti organickych latek v fadé odvétvi. Urcuje ndzvoslovi organickych

sloucenin.
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Fig.2 Analytical synthetic model of conceptual curriculum of inorganic chemistry

An analytical synthetic model of inorganic chemistry — a concrete chemical branch as an implemented
process
A linking criterion of the branch is a periodicity of a structure and element characters in the Mendelejev
Periodical Table of Elements

Surveyed physical nad chemical characters of
substances as a result of of an inner structure
of element atoms

Classification of
chemical fixations as a
result of constructing
valence layers of
elements

Surveyed mutual periodical elations of
elements in endelejev Element Periodical
Table (EPT)

A 4

\4

Classification of
chemical reactions as a
result of constructing
valence layers of

Classification of react.
element mechanisms
flowing from their
position in EPT

elements

Classification of
chemicals synthetised on
the basis of elem.
position in EPT
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Classification of reactions in inorganic chemistry

Classification of sets in inorganicchemistry

v
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\d
Reactions based Reactions based Reactions based Sets from the Sets from the point of
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changing changing substance state sizes (granular) environs
v
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protolytical exothermic heterogeneous heterogeneous closed isolated
analytical syntetic colloidal
conversial
substitutional
complexing
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\ 4 y

Sets of chemical processes at the occurance of
energeticly stabilized inorganic chemicals

Sets of inorganic substances of defined physical and
chemical characters, prepared for practical usage

chemicals, establishes their terminology.

An object of surveying inorganic chemistry as a concrete chemical branch: inorganic chemistry studies on
the basis of periodicity of electron configurations of elements in EPT elements themselves, their chemicals
and reaction mechanisms, from which these substances originate. It describes characters and use of
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Fig.3 Analytical synthetic model of conceptual curriculum of organic chemistry

An analytical synthetic model of organic chemistry — a concrete chemical branch as an implemented process
A linking criterion of the branch is carbon binding in an excited state by means of
o and = overlapping

'

\ 4
Hydrocarbons as binary chemicals of carbon and Hydrocarbon derivates -
hydrogen
v l
» Hydrocarbons with o fixations | Oxygenousless ] Oxygenous ||
in strings hydrocarbon derivates hydrocarbon derivates
Hydrocarbons with 7 fixations |
in strings »  Nitrogen derivates [ [® Hydroxyderivates 1]
Hydrocarbons with conjugated Carbonyl chemical
. - > : | | || Carbonyl chemicals |
systems of 7 fixations Halogen derivates
P Carboxylacids [
v v JV
Basic types of reaction mechanisms —| Specific reaction mechanisms of hydrocarbon
of organic chemicals derivates
v y d Esterification
Organic reactions by Organic reactions by
means of ¢ electrons means of « electrons Alcali and acidic hydrolisis
. Carboxilation and
decarboxilation
Oxidation and reduction
> Aldol condensation
A v y

Energy balance of organic reactions

! '

An impact of space molecule setting of organic An impact of space molecule setting
substances on their reactivity of organicsubstances on their physical and
chemical characters

y

An object of surveying organic chemistry as a concrete chemical branch: organic chemistry studies on the basis
of carbon tetra-binding and its ability of concatenating a huge amount of chemicals, mechanisms of organic
reactions and ways of using organic substances in a number of branches. It defines terminology of organic
chemicals.

68




Educational and Didactic Communication 2007, Applications, Vol. 3 — Science Education — Conceptual curricula

REFERENCES

[1] Prochézka, P., Zaskodny, P. (2007) Analytical Synthetic Modeling Problem Solving. In: Educational and
Didactic Communication, Vol.3.-Applications. Bratislava, Slovak Republic: Didaktis

[2] Zaskodny, P. (2007) Methods of Structuring Variant Forms of Curriculum. In: In: Educational and Didactic
Communication, Vol.1.- Theory. Bratislava, Slovak Republic: Didaktik

[3] Skrabankova, J. (2007) Theoretical Basis of Creation of Pedagogical Structures — A Models of the Logical
Structure of the Educational Process. Brno, Czech republic: MSD, spol. s.r.o.

69



Educational and Didactic Communication 2007, Applications, Vol. 3 — Science Education — Conceptual curriculum

Conceptual Curriculum of Biochemistry
and its Analytical Synthetic Model

Author: PaedDr. Jana Skrabankova, Ph.D.
Masaryk University, Brno, Czech Republic
Institute of Applied Economic Studies, Ceské Bud&jovice, Czech Republic
janaskrabankova@seznam.cz
Reviewer: Assoc. Prof. Josef Trna, CSc.
Masaryk University, Brno, Czech Republic
Key Words

Curricular Process of Chemistry, Variant Form of Curriculum, Analytical Synthetic Modeling, Analytical
Synthetic Model of Conceptual Curriculum of Biochemistry

Abstract

The curricular process of chemistry is described as the succession of transformed variant forms of curriculum.
The analytical synthetic modeling curriculum variant form is described. The model of biochemistry is presented
as a part of analytical synthetic model of conceptual curriculum of chemistry.

CONTENT

1. Curriculum transformations within educational and didactic communication
2. Analytical synthetic modeling Variant Form of Curriculum

3. Analytical Synthetic Model of Conceptual Curriculum of Biohemistry

1. Curriculum transformations within educational and didactic
communication

Within the framework of theory of curriculum it is necessary to express and communicate suitably the individual
transformations between the variant forms of curriculum and it should be also performed in the area of higher
education. During learning as problem solving (see Prochdzka, Zaskodny, 2007, [1]) mentioned transformations
of curriculum are associated with conception of Didactic Communication which can be called in the area of
higher education the conception of Educational Communication .

The concept “Curriculum” can be explained as “educational content” and the theory of curriculum, adequate
to conceptions of educational and didactic communications is issuing from the philosophy of essentialism.
The concept “Variant form of curriculum” can be explained as “variant form of educational content”.

In the framework of the conceptions "Didactic Communication" and “Educational Communication®, here is the
order of transformations of scientific curriculum.

This order of transformations is as follows from the scheme:

Transformation T1: Scientific System of Chemistry — Scientific system of chemistry from the point of view
of its communication (Conceptual Curriculum of Chemistry)

Transformation T2: Conceptual Curriculum of Chemistry — Educational content of Chemistry (Intended
Curriculum of Chemistry)

Transformation T3: Intended Curriculum of Chemistry — Instruction project of Chemistry and its
components (Projected Curriculum of Chemistry)

Transformation T4: Projected Curriculum of Chemistry — Knowledge already achieved (Implemented
Curriculum of Chemistry)

Transformation TS5: Implemented Curriculum of Chemistry — Lasting component of the education and its
application (Attained Curriculum of Chemistry)
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Both, the succession of variant forms of curriculum and the succession of transformations T1 to T4 are
creating “Curricular Process of Chemistry”.

The general chemistry will be investigated as the conceptual curriculum (as the scientific system of
chemistry from the point of view of its communication) and as the integral part of curriculum process of
chemistry.

2. Analytical Synthetic Modeling of Variant Forms of Curriculum

The analytical synthetic modeling variant form of curriculum will be described with the help of work
P.Zaskodny, 2007, [2]. The general analytical synthetic model variant form of curriculum as the analytical
synthetic model of problem solving is presented by means of figure Fig.1 and Legend to Fig.1.

a - Identified Complex Problem (Identifikovany slozity problem)

A

y

y

4

b, - Partial Problem

No. 1 (PP-1)
Diléi problém ¢.1 (

DP-1)

b, - Partial Problem
No. 2 (PP-2)
Diléi problém ¢.2 (DP-2)

by - Partial Problem
No. k (PP-k)

Dil¢i problém ¢.k (DP-k)

"cl-Partial c‘zr—Partial g c3-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

v v v A

d, - Partial Conclusion

No. 1 (PC-1)

Diléi zavér &.1 (DZ-1)

d, - Partial Conclusion
No. 2 (PC-2)
Dil¢i zavér ¢.2 (DZ-2)

dy - Partial Conclusion

No. k (PC-k)

Diléi zavér &k (DZ-k)

v

e - Total Solution of Complex Problem "a" formed by means of PC-1, PC-2, .., PC-k

e - Celkové FeSenti sloZitého problému ,,a“ vytvorené pomoci DZ-1, DZ-2, .., DZ-k

Fig. 1 (Obr. 1)

General Analytical Synthetic Model of Cognitive Structure

Obecny analyticko-synteticky model kognitivni struktury
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Legenda k obr. 1
Legend to Fig. 1

a

a

By
By
by
by
Cx
Cx

Ck

Ck

Dy
Dy

dy
dy
Ex
Ex

(Identifikovany slozity problem) — Zkoumana oblast reality, zkoumany jev

(Identified Complex Problem) — Investigated area of reality, investigated phenomenon

(Analyza) — Analytické roz¢lenéni v ramci odpovidajici kognitivni Grovné
(Analysis) — Analytical lay out within the framework of corresponding cognitive level
(Dil¢i problémy DP-k) — Vysledek analyzy: podstatné atributy a rysy zkoumaného jevu

(Partial Problems PP-k) — Result of analysis: essential attributes and features of investigated phenomenon

(Abstrakce) — Vymezovani podstat abstrakci v ramci odpovidajici kognitivni trovné

(Abstraction) — Delimitation of essences by abstraction within the framework of corresponding cognitive
level

(Dil¢i teseni DP-k) — Vysledek abstrakce: dil¢i pojmy, dil¢i poznatky, rizné vztahy, atd.

(Partial Solutions of PP-k) — Result of abstraction: partial concepts, partial knowledge pieces, various
relationship etc.

(Syntéza) — Syntetické nalezeni zavislosti mezi vysledky abstrakce v rdmci odpovidajici kognitivni Grovné

(Synthesis) — Synthetic finding of dependencies among the results of abstraction within the framework of
corresponding cognitive level

(Dil¢i zaveéry DZ-k) — Vysledek syntézy: princip, zakon, zavislost, souvislost, atd

(Partial Conclusions PC-k) — Result of synthesis: principle, law, dependence, continuity etc.

(Myslenkova rekonstrukce) — Myslenkova rekonstrukce zkoumaného jevu / zkoumané oblasti reality

(Intellectual Reconstruction) — Intellectual reconstruction of investigated phenomenon / investigated area of
reality

(Celkové feSeni slozitého problému ,,a”) — Vysledek myslenkové rekonstrukce: analyticko-synteticka
struktura pojmove poznatkového systému

(Total Solution of Complex Problem "a") — Result of intellectual reconstruction: analytical synthetic
structure of conceptual knowledge system

3. Analytical Synthetic Model of Biochemistry

The analytical synthetic model of biochemistry is presented with the help of figure Fig.2 in Czech and
in English

This model represents the result of transformation T1 — conceptual curriculum of chemistry as the scientific
system of chemistry from the point of its communication
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Obr. 2 (Fig. 2) Analyticko-synteticky model konceptualniho kurikula biochemie

ANALYTICKO SYNTETICKY MODEL BIOCHEMIE — konkrétni chemicka disciplina jako
uskutecnény proces (IMPLEMENTED)
Spojovacim kritériem discipliny je ATP jako zdroj energie pro déje, probihajici v Zivych
soustavach

v

Specifické slozeni biochemickych sloucenin

(C,0,H,N)
Zkoumané biochemicky Zkoumané latky, zajistujici vztahy
vyznamné latky mezi biochemicky vyznamnymi
latkami - biokatalyzatory
> Sacharidy
Enzymy <
> Lipidy
Metabolické déje - .
intracelularni Vitaminy <
a extracelularni
Proteiny procesy
/ Hormony <
Nukleové kyseliny
\ 4
Vzéj'emne:: vztahy létek prostfedni'ctyim' Katalyzované d&je
specifickych druht vazeb (glykosidicka, v Zivjch soustavich
esterova, peptidova, H-mustek)

¢ A

Ustaveni dynamickych rovnovah jako vysledki interakei biochemicky vyznamnych
latek prostfednictvim biokatalyzatort (C, O, H, N)

v

Zajisténi funk¢nosti Zivych soustav

v

N —

Predmét zkoumani biochemie jako konkrétni chemické discipliny:
biochemie studuje
chemické slozZeni organismt a jejich ¢asti - staticka biochemie;
chemické déje probihajici v organismech, jejich lokalizaci a dalsi reakce jednotlivych latek v
organismech - dynamicka biochemie (jedna se o studium pfemény latek a riznych forem energii);
vztah chemickych déjii k zivotnim projeviim organismi - funk¢ni biochemie a zptisob usporadani
jednotlivych molekulovych slozek a biochemickych déji v organismu
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Fig.2 Analytical synthetic model of conceptual curriculum of biochemistry

An analytical synthetic model of biochemistry — a concrete chemical branch as an implemented
process
A linking criterion of the branch is ATP as a source of energy for processes running in living
bodies

v

A specific structure of biochemical chemicals

(C,0,H,N)
Surveyed biochemically Surveyed substances, assuring
significant substances relations between biochemically
significant substances —
biocatalyzers
> Carbohydrates
Enzymes <
> Lipids Metabolic processes -
intracellular and . .
extracellular pcesses Vitamins <
Proteins
Hormones <
Nucleids acids

Mutual relations of substances by
means of specific kinds of chemical
fixations (glycocidic, esteric, peptidic,
H-stud)

Catalyzed processes in
living bodies

v v

Establishing dynamic balances as results of interactions of biochemically
significant substances by means of biocatalyzers

v

Assuring a utility of living bodies

v

An object of biochemistry as a concrete chemical branch: biochemistry studies

1. chemical structures of organisms and their parts — static biochemistry;

2. chemical processes running in organisms, their location and other reactions of particular substances in
organisms — dynamic biochemistry ( it deals with study of substance exchanges and various forms of
energies);

3. arelationship of chemical processes to life signs of organisms — functional biochemistry and a way of
setting particular molecule parts and biochemical processes in organism
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Abstract

Paper executed classification of radiological physics what belongs between natural sciences. The yellow areas
marks the radiological physics in interrelation of the physical dynamic action. lonizing radiation is the base of
radiological physics.

Content
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2. Model of Conceptual Curriculum of Physics
3. Incorporation of Radiological Physics
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1. Description of Curricular Process

Within the framework of theory of curriculum it is necessary to express and communicate suitably the individual
transformations between the individual forms of existence of curriculum and it should be also performed in the
area of higher education. During learning as problem solving (see [1]) mentioned transformations of curriculum
are associated with conception of Didactic Communication which can be called in the area of higher education the
conception of Educational Communication (see [1]).

The concept “Curriculum” can be explained as “educational content” (see [1]) and the theory of curriculum,
adequate to conceptions of educational and didactic communications is issuing from the philosophy of
essentialism (see [1]).

In the framework of the conceptions "Didactic Communication” and “Educational Communication®, here is the
order of transformations of scientific curriculum.

This order of transformationsis as follows from the scheme:

Transformation T1: Relevant science — System of relevant science from the point

of view of its communication (Conceptual Curriculum)

Transformation T2: Conceptual Curriculum — Educational content (I ntended

Curriculum)

Transformation T3: Intended Curriculum — Textbook as the basic component of the

instruction project and further components (Projected Curriculum)
Transformation T4: Projected Curriculum — Knowledge aready achieved

(Implemented Curriculum)

Transformation T5: Implemented Curriculum— Lasting component of the education and

its application. (Attained Curriculum)

The curricular process can be associated with the succession of variant forms of curriculum:
Conceptual Curriculum,

Intended Curriculum,

Projected Curriculum,

Implemented Curriculum,

Attained Curriculum.

2. Model of Conceptual Curriculum of Physics

The investigation of incorporation of radiological physics within physics structure should be started from model of
conceptua curriculum of physics. The model of conceptual curriculum (model of physics structure) is presented in
this paragraph (see [2]). The parts of model are marked by means of chaptersin book [2].
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3. Incorporation of Radiological Physics
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Radiological physics is the part of physics which concentrates on ionising radiation - its origin, properties,
interactions and detection. These events function at the level of the structural elements of all physical objects.
Their course is determined by reciprocal interactions with the carriers of these interactions (see 11.2.). Radiological
physics is working, above al, with micro-obcects and macro-objects. Radiological physics is possible to take as
apart of non-statistical physicswith its classical, quantum, and relativistic dimension (see 11..8).

The yellow areas on the graph marks the place of radiological physics in the conceptual curriculum of physics as a
natural science. Radiological physics is a system of dynamic actions which forms the basis of reciproca
interactions of solids and arrays.
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Abstrakt

V ptispévku je naznacen vyvoj didaktické komunikace ve vyuce fyziky od feci a textu, az po soucasné informaéné
komunikac¢ni technologie. Tento vyvoj je ilustrovan ukazkami vykladu ¢asovych zavislosti kinematickych veli¢in
pfi pohybu pruzného mice.

Z hlediska obsahu vyuky je pro vyvoj didaktické komunikace charakteristické, ze jsou do sdélitelné podoby
transformovany ve stale vétsi mife poznatky, které jsou obtizné dostupné smyslovému vnimani, nebo se tykaji
aplikaci komplexniho charakteru. Zatim co na pocatku 20. stoleti v ucebnicich téméi chybély poznatky, které by
vyzadovaly vyssi stupen abstrakce a zobecnéni, na konci stoleti tvorily jiz podstatny podil v ucivu poznatky
vyZzadujici znacny stupen abstrakce. Fyzikalni obraz svéta, k némuz fyzikalni poznani smétuje, se opira o teorie,
jejichz didakticka komunikace je obtizna a ¢asto malo u¢innd. Vyuka fyziky se soustfedila zejména na poznatky
o objektech a dg&jich, které zak mohl nejen smyslové vnimat, ale mohl se s jejich konkrétni podobou setkavat
a zak mnohdy smysl poznatkl tzv. moderni fyziky obtizn¢ chape a Casto ma i uréité psychické zabrany piijimat
s davérou pohledy na svét o¢ima napf. specialni teorie relativity nebo kvantové fyziky. Zde pak sehravaji
dilezitou funkci nejriznéjsi modely (realné nebo virtualni), kterymi se smyslim dostupnym zpisobem nové
poznatky ve fyzice priblizuji. Je paradoxem didaktické komunikace ve fyzice, Ze stile obtizn&jsi
komunikovatelnost fyzikalnich poznatkd je do jisté miry kompenzovana pravé bohatstvim moznosti, které¢ do
didaktické komunikace pfinaseji soucasné informac¢né komunikacni technologie. Ty se stavaji zdkladem do jisté
miry samostatné didaktické discipliny oznacované jako technologie vzdélavani.

Z hlediska vyvoje didaktické komunikace, ktery se diky modernim technologiim neustale obohacuje a vétvi do
riznych technickych feseni, mizeme bez narokii na Giplnost vymezit v hierarchickém uspotadani nejdulezité;si jeji
formy:

[ Reova prezentace uciva uéitelem

[J Text (ucebnice, zapisu na tabuli apod.)
[1 Realny experiment

[1 Algebraicka, popi. graficka prezentace
[1 Dynamicko ikonicka prezentace

[J Dynamicky model

[J Multimedialni interaktivni prezentace

Jak nové technologie mohou ovlivnit vlastni didaktickou komunikaci je mozné ilustovat na jednoduchém prikladu
mechanického déje — padu pruzného micku s opakovanym odrazem. Tento relativné jednoduchy déj mize byt ve
vyuce prezentovan nékolika zptisoby s riiznou urovni pohledu na uvedeny déj. Muze to byt:

Textova a obrazova prezentace

Reéalny experiment podporovany pocitacem
Simulace fyzikalniho d€je pocitacovym programem
Interaktivni simulaéni model

Dynamicky model a jeho studium

Analyza digitalniho zaznamu realného déje
Vzdalena laboratof (virtualni experiment)

Nékteré z téchto moznosti jsou podrobnéji uvedeny v publikaci [1] a v obrazové prezentaci [2].
V praktické vyuce je dosud malo docenéna jedna znovych technologii vyuzivajici snadnou dostupnost
digitalizovaného obrazového zaznamu, ktery lze pofidit béznym digitdlnim fotoaparatem. Moznosti této

technologie byly zkoumany na piikladech kmitani riznych typti mechanickych oscilatord (tlumeny pruzinovy
oscilator, kyvadlo, spfazena kyvadla, chaotické kyvadlo), pfiéemz byly posouzeny kvality volné¢ dostupného
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softwaru pro aplikaci metody tzv. videoanalyzy. Vysledky jsou shrnuty v publikaci [3], ke které se vztahuje
obrazova prezentace [4].

Obsah

[1] Lepil, O.: K vyvoji didaktické komunikace ve vyuce fyziky. In: Sbornik z konference DIDFYZ 2004, FPV
UKEF, Nitra 2005. (viz Vzdélavaci a didakticka komunikace, 3.dil — dodatky, didcom1.pdf)

[2] K vyvoji didaktické komunikace ve vyuce fyziky — obrazova a graficka ptiloha (viz Vzdélavaci a didakticka
komunikace, 3.dil — dodatky, didcom2.pdf)

[3] Lepil, O. (2004). Videoanalyza kmitani mechanickych oscilatorti, Matematika, fyzika, informatika 14, str. 214
— 221 (viz Vzdélavaci a didakticka komunikace, 3.dil — dodatky, videokmit1.pdf)

[4] Videoanalyza kmitavych déjii — obrazova a graficka ptiloha (viz Vzdélavaci a didakticka komunikace, 3.dil —
dodatky, videokmit2.pdf).
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Abstrakt

Prispevok sa zaobera didaktickou komunikaciou z viacerych hl'adisk. Analyzuje $truktiry pojmov tematického
celku pri hl'adani odpovede na otazku ,,Co u¢im?“. Dalej analyzuje stvislosti medzi metédami sprostredkovania
uciva a hodnotenim ich u¢innosti v suvislosti s otazkou ,,Ako uéim a ako hodnotim Ziakov?*“. Zaobera sa
verbalnou komunikdciou na vyucovacich hodindch v suavislosti s hladanim odpovedi na otazku ,,Ako
komunikujem so ziakmi?“. V zavere popisuje prvky didaktickej komunikacie ako prostriedku vytvorenia
atmosféry priaznivej rozvoju ziakov v suvislosti s otazkou: ,,Co svojou &innostou spdsobujem.

Obsah
1. Uvod

2. Terminy, vychodiska a zamery

3. Analyza $truktiry pojmov tematického celku

4. Respektovanie suvislosti medzi metodami sprostredkovania uéiva a hodnotenim jeho zvladnutia
5. Verbalna komunikacia na vyucovacich hodinach

6. Didakticka komunikacia ako prostriedok vytvorenia atmosféry priaznivej rozvoju ziaka

1. Uvod

Iste nevyslovime ni¢ nového, ked’ povieme, Ze dnesné vyucovanie vo vSeobecnosti (t.j. nevyluCujeme Specialne
pripady in¢ho charakteru) nie je efektivne, nevytvara podmienky na tvorbu myslienok o predmete zaujmu,
neprovokuje ziakov argumentovat’ a samostatne cielavedome konat. Ked sa prenesieme do 80-tych rokov
predchadzajticeho storocia, stretneme sa s tou istou charakteristikou ti€innosti vyucovania. V tom Case, teoretici
vyucovania (didaktiky) pri hl'adani zmeny k lepSiemu, povazovali za jeden z prostriedkov zlepSenia situdcie tzv.
heuristickd metdda. V sulade s touto myslienkou sa organizovali $kolenia, seminare a konferencie, ktorych ulohou
teoretického charakteru. Vel'a ucitelov zistilo, Ze heuristickd metdéda vlastne zodpoveda ich zauzivanej praxi, je
ucinné a vytvara pozadované zmeny.

Metdda bola naro¢né na Cas, t.j. na plnenie, v tom €ase zavdzného tematického planu vyucovania. Pri porovnani
s tradiénym vyucovanim sa pri plneni Casového planu dostalo vzdy do tzv. Casovej tiesne, o bolo inSpekciou
vel'mi nepriaznivo hodnotené. Tento ¢asovy sklz vznikol aj preto, ze poznatky nadobudnuté novou metddou sa
hodnotili metdédami a prostriedkami vyucovania, ktoré hodnotili iba uroven pamite a schopnost reprodukcie, t.. to
nové, ¢o heuristickd metdda priniesla, ostalo nepov§imnuté. V nasledujucich rokoch, aj ked’ sa skolské inspekcia
uz tak prisne nezaoberala hodnotenim plnenia ¢asovych rozpisov tematickych planov, nemala heuristickd metoda
ziadnu moznost sa rozvinit, lebo korunnym prostriedkom hodnotenia tirovne vedomosti sa stali jednotne
vyhodnocované vedomostné testy. Treba si uvedomit’, Ze tieto testy maju rozhodne svoje potrebné miesto v celom
systéme vzdelavania. Zial, v suasnosti sa stali ,,médnym*“ univerzilnym prostriedkom hodnotenia Grovne
vyucCovania. Stratili tym svoj pévodny vyznam a pripominaju skor ,,zaplevelené pole” ako ucinny prostriedok
hodnotenia tirovne vyucovania. Na zaver tejto ivahy treba konstatovat’, ze snaha zmenit pragmatiku vyucovania
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zavedenim heuristickej metddy ostala na polceste. Sme presvedéeni, ze ni€ z toho, ¢o sa vlozilo do pedagogicke;j
praxe na konci minulého storocia, celkom nezaniklo, implicitne existuje d’alej a bude mozné v iom pokracovat’.

Pretoze renesancia postupov a prostriedkov heuristickej metédy moéze vo velkej miere podporit’ snahy
o skvalitnenie vyucovania v duchu najnovsich poziadaviek nan, je na mieste dokoncit’ to, ¢o ostalo na polceste.
Vykro€eniu v tomto smere sa venuju myslienky v tejto publikacii. Ich teoretickym vychodiskom st poznatky
ruského vedca L. S. Vygotského, prezentované v publikacii Myslenky a fe¢, SPN, Praha 1970, ktoré autorka
pouzila na systematické utriedenie skuisenosti ziskanych pri velkom pocte hospitacii a naslednych hodnoteni prace
vynikajucich uitel'ov na zékladnych a strednych $kolach v CSSR, Pol'sku, Rusku, Ukrajiny a NDR v priebehu 10-
tich rokov.

Cely prispevok bude mat’ tri Casti, spracované v stulade s pedagogickou praxou triedne — hodinovej vyucby na
nasich zakladnych a strednych $kolach: I. priprava vyucovania, II. uskutocnenie pripraveného a III. hodnotenie
Ucasti celého procesu.

Prva Cast’ obsahuje tieto kapitoly:

1. Terminy, vychodiska a zamery. Text je doplneny zékladnymi poziadavkami na vytvorenie podmienok, ktoré
umoznia ziakom v priebehu vyucovania objavit’ pre nich nové poznatky.

2. Analyza §truktiry pojmov tematického celku. (Hladanie odpovede na otdzku ,,Co uéim?*)

3. Respektovanie suvislosti medzi metdodami sprostredkovania uciva a hodnotenim ich G¢innosti. (,,Ako u¢im
a ako hodnotim ziakov?*)

4. Verbalna komunikécia na vyucovacich hodinach. (Hl'adanie odpovedi na otazku ,,Ako komunikujem so
ziakmi?“)

5. Didaktickd komunikacia ako prostriedok vytvorenia atmosféry priaznivej rozvoju ziakov. (Uvedomenie si
faktu: ,,Co svojou &innost'ou spdsobujem.*)

Na zaver uvodu vyslovime zékladné poziadavky, ktoré treba respektovat’, ked’ chceme vytvorit’ predpoklady na
zavedenie heuristickej metddy na Skolach.

1. Heuristickd metoda je jednou z najefektivnejSich metod vytvorenia podmienok na to, aby sa ziaci naudili
samostatne mysliet, argumentovat a konat.

2. Aby tato metdda bola u€inna, treba vytvorit’ komplexny model vyucovania, ktory sa sklada z tradicnych
a presne definovanych pedagogickych pojmov doplnenych objektmi, ktoré sit podmienkami na vytvorenie
atmosféry vyuCovania priaznivej rozvoju ziaka.

3. Uz zname a Casto diskutované metoddy a prostriedky organizovania ucebnych situécii, treba doplnit’ novymi
metddami a prostriedkami hodnotenia vysledkov prace v nadvéznosti na sprostredkovanie nového uciva.

4. V celej organizécii vyucovania dat’ o najvacsi priestor zivej diskusi ucitel’ — ziak, ziak — ziak v ramci
heuristickej metddy sprostredkovania novych poznatkov.

5. Vsetko nové treba stavat’ na poznatkoch ziskanych pamétou a reprodukovanim lebo v opaénom pripade by
heuristickd metdda ,,stala na vode. Preto je potrebné do vyucovania vzdy zaradit’ aj tradi¢né metody
hodnotenia (testy) a sprostredkovania nového uciva (vzorové priklady, cvi¢enia).

6. Pretoze ide o nové prvky, ktoré sa budi dostavat’ do ucebnych situacii, bude plnenie ¢asového planu
vyucovania tematického celku flexibilné v ramci poziadaviek zakladného uciva.

Poznamka

Ucebné situacie vhodné na objavovanie nastani, ked” mam tlohu, v ktorej je presne formulovany ciel’ a na jej vyrieSenie:
- pozname prostriedky a hl'adame metodu,

- pozname metodu a hl'adame prostriedky,

- hladame prostriedky aj metddu.
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2. Terminy, vychodiska a zamery

Nasledujuce uvahy vychadzaju z publikacie Vygotskij, L. S.: Mysleni a fe¢, SPN, Praha, 1970, z ktorej uvadzame
citacie. Pre vyvoj (uvedomovanie, utvaranie, vystavbu, sémantizaciu) oboch druhov pojmov vo vyvoji intelektu
ziakov plati nasledovné:

,» Ako ukazuji vyskumy, vyssie psychické funkcie spaja vSeobecna vlastnost’, a to, Ze st sprostredkovanymi
procesmi, pretoze vo svojej Struktire obsahujil ako ustrednu a zakladnt Cast’ celého procesu pouzitie znaku, ako
zékladného prostriedku zamerania a regulovania psychickych procesov.*

,»V nasom probléme vytvarania pojmov, je tymto znakom slovo, ktoré ma iilohu prostriedku vytvarania
pojmov, ¢im sa zarovei stdva jeho symbolom.“ (s. 123)

»~Experimentalne skimanie procesu vytvarania pojmov ukazalo, Ze funkéné pouZivanie slova alebo iného znaku
ako prostriedku aktivneho zamerania pozornosti, roz¢lenenia znakov, ich abstrakcie a syntézy, je zakladnou

a nevyhnutnou stucast’ou celého jeho procesu. Vytvorenie pojmu alebo sémantizacia slova je vysledkom zlozZitej
aktivnej ¢innosti (operovania so znakom alebo slovom), ktorej sa z(i¢astiiuju vSetky zakladné intelektualne
operacie v Specifickej kombinacii. (str. 128)

»---Vytvaranie vedeckych pojmov, rovnako ako spontannych nekon¢i, ale prave zac¢ina v momente, ked’ si Ziak
po prvykrat preii osvojuje vyznam alebo termin, ktory je nositelom vedeckého pojmu®. (str. 179)

»Proces utvarania pojmov nie je redukovatel'ny na asociacie, pozornost’, isudok, determinujice tendencie
(napriklad vedomie ciel’a), aj ked’ su tieto funkcie nutnymi sti€astami zlozitej syntézy, akou je utvaranie pojmov.
Ako ukazuji vyskumy, ustrednt ulohu v tomto procese mé pouZzitie znaku alebo slova ako prostriedku,
pomocou ktorého ovlida Ziak vSetky Specifické opericie, ako aj ich priebeh, pricom zameriava ich ¢innost’
na rieSenie vytycenej ulohy.*

,»VSetky obvykle vymenované psychologické funkcie su sti¢astou procesu tvorenia pojmu ako procesy
sprostredkované znakom alebo slovom, ako procesy zamerané na rieSenie urcitej ulohy a tym spojené v novej
kombinacii (v novej syntéze), v ktorej kazdy z tychto procesov zastava Specialnu tulohu.“

»Pojem existuje v spojeni so slovami, teda pojmové myslenie nemoze existovat mimo slovného myslenia. Teda
Specifické pouZivanie slova (znaku) je produktivnou pric¢inou a jednym z prostriedkov utvarania pojmu.*
(str. 129)

»Pojem v intelekte ziaka vznika vtedy, ked’ sa skupina abstrahovanych znakov znova syntetizuje a ked’ takto
vytvorend abstraktna syntéza sa stava zakladnou formou myslenia.“ (str. 159)

Skumajme teraz vzajomny vzt'ah vedeckych a spontannych pojmov pri uceni:

,»Vyvoj vedeckych pojmov prebieha v podmienkach vzdelavacieho procesu, ktorého $pecifickou formou je
spolupraca pedagoga a ziaka. Ide o taka spolupracu, pri ktorej dozrievaji vyssie psychické funkcie za pomoci
ucasti ucitela”. (str. 169)

,» 10 nas vedie k teoretickej hypotéze o trochu zvlastnom vyvoji vedeckych pojmov. Tento vyvoj je podmieneny
tym, Ze ako uréujici, opakujici sa moment pri jeho vstupe sa prejavuje ako prvotné verbalne ucenie, ktoré

v podmienkach organizovaného systému zostupuje ku konkrétnemu, t.j. k javu, zatial’ ¢o tendencie vyvoja
spontannych pojmov prebicha mimo urceny systém — ide nahor k zovseobecneniu®. (str. 168-169)

»Slabost’ beznych (spontannych) pojmov sa prejavuje, podl'a idajov nasho vyskumu, neschopnost’ou abstrakcie
a 'ubovol'ného operovania s nimi. Slabost’ vedeckého pojmu je jeho verbalizmus, prejavujici sa ako zakladné
nebezpecie pri jeho vyvoji, ako nedostato¢na nasytenost’ konkrétnym. Jeho silnou strankou je schopnost’
I'ubovol'ného pouzitia, t.j. pripravenost’ k akcii. (str. 169)

,»Tento proces vyvoja pojmu alebo vyznamu slov vyzaduje cely rad psychickych funkcii, ako st zamerna
pozornost’, logicka pamét’, abstrakcia, porovnavanie, rozliSovanie, no vsetky tiet zlozitejsie procesy nemozu byt
obsiahnuté iba v pamaéti.“ (str. 170)

,-..Z1ak si neosvojuje vedecké pojmy, neuci sa ich, nezmociuje sa ich pamatou, ale ticto pojmy vznikaju
a vytvaraja sa na zaklade najvysSieho usilia vSetkej aktivity vlastného myslenia“. (str. 177)

,»Vyvoj spontannych a vedeckych pojmov su navzajom tesne stvisiace procesy, ktoré sa neustale navzajom
ovplyviuji. Vyvoj vedeckych pojmov sa neustale musi opierat’ o ur¢itd Groven dozrievania spontannych pojmov,
uz len preto, Ze bezprostredna skusenost’ nas uci, ze vyvoj vedeckych pojmov je mozny iba vtedy, ked’ spontanne
pojmy dietat’a (ziaka) dosiahli urcita uroven abstrakcie. Na druhej strane musime predpokladat’, ze vznik pojmov
vyssieho typu, ako su vedecké, nemoze zostat’ bez vplyvu na troven skor vzniknutych pojmov z toho

&5



Educational and Didactic Communication 2007, Vol. 3, Applications — Science Education — Model didaktickej komunikécie
na zakladnej a strednej Skole

jednoduchého dévodu, Ze oba druhy pojmov neustale na seba vzajomne pdsobia. to musi viest’ k tomu, Ze
Struktirne vyssie zov§eobecnenie, ktorym sa vyznacuji vSetky vedecké pojmy, vyvolava zmeny v §truktirach
spontannych pojmov. Vyvoj vedeckych a spontannych pojmov prebieha za réznych vnitornych aj vonkajs$ich
podmienok, no zaroven ostava vo svojej podstate jednotny. (str. 177).

Vieme, Ze metddy a prostriedky vychovno-vzdelavacieho procesu, ako spolocensko-ucelovej organizacie, je
zostaveny na zéklade poziadaviek jednoty vzdeldvania, vychovy akultiry, tak, aby sa reSpektovalo vedice
postavenie 'udského rozumu v sulade s rozumovym chapanim sveta a tvorivé postavenie ¢loveka.

Vzhl'adom na tieto poziadavky sa ststred’'uje vyuCovanie na vytvorenie podmienok utvarania vedeckych pojmov
v intelekte Ziaka. V stvislosti s prave vyslovenou poziadavkou uvedieme niekol’ko uvah:

Z filozofického hladiska existuji etapy vyvoja pojmu, v ktorych sa prejavuji rozne aspekty (hl'adiskd, pojatia,
zorné uhly) zodpovedajtice trovni 'udského myslenia. V priebehu vyvoja pojmu sa menia atribaty pojmu (t.j. jeho
zakladné dominantné vlastnosti). Kazdému atributu pojmu zodpoveda model, v ktorom pojem ,,u¢inkuje.

Vedecky pojem je teoreticky konstrukt, ktory existuje jedine v celom systéme prislusnej teérie a jeho aspekty
zodpovedaju suc¢asnému stavu vedeckého poznania (myslenia). V tomto systéme existuje jeho univerzalny model.
Modely (obycajne sa liSia konstrukciou aj prvkami, z ktorych pozostavaju) zodpovedajiice jednotlivym etapam
vyvoja st $pecialnymi pripadmi univerzalneho modelu.

V stvislosti so Specidlnymi modelmi sa formuluje aj vyznam pojmu, ktory je obycajne reprezentovany
definiciou. Treba si uvedomit, Ze pojem, ako idedlny konstrukt ma v danom vedeckom systéme svoj pevne (a
jednoznacne) urceny vyznam. Vyznam je urceny v suvislosti s univerzalnym modelom a tym implicitne obsahuje
vSetky aspekty historického vyvoja konkrétneho pojmu.

V procese prace s pojmom sa vynaraju urcité Specifické situacie, ktoré vyzaduju aplikacie niektorych Specifickych
vlastnosti (charakteristik), ktoré sa v historii vyvinu pojmu utvorili. Teda v procese prace s pojmom, ak ked’
existuje jeho univerzalny model a nie s nim spojeny vyznam, pouzivame niektoré jeho ¢iastkové modely.

Vo vedeckej praci moze nastat’ aj situacia, v ktorej pouZzijeme existujuce zakladné charakteristiky pojmu z nového
aspektu. V tom pripade vystupujeme z hranice univerzalneho modelu a nastava etapa obohacovania vyznamu
pojmu. V procese prace s pojmom sa prejavuje dynamika, ktori zapriCiiiuje dialektika znameho a neznameho
v procese poznavania. Obohatenie vyznamu pojmu je ¢asto spojené so zmenou metdd aj prostriedkov prace.

V procese prace s pojmom sa prejavuje dialektika poznaného a neznameho, ktora vytvara dynamiku pojmu —
nazvime ju zmysel pojmu.

Zmysel vedeckého pojmu je dany spdsobom jeho pouzivania v procese ziskavania novych poznatkov, v procese
jeho aplikacii, ako aj v procese jeho kazdodenného rutinného pouzivania.

Zmysel je dynamicky, v ¢ase neohraniceny fenomén, ktory ma vplyv na zmenu zakladnych charakteristik pojmu,
suvisiacich s jeho univerzdlnym modelom, t.j. vyznamom. Vyznam zodpoveda sucasnému stavu poznania
(vedeckého vedomia). Zmysel zodpoveda sucasnym metddam a prostriedkom prace s nim (prostriedkami sa
myslia aj Struktiry myslenia). Z hl'adiska 'udského poznania je zmysel pojmu vzdy bohatsi nez jeho vyznam.

Vyznam obsahuje minulé a sucasné,

Zmysel obsahuje minulé, si¢asné aj budice.

Poznamka:

Termin ,,spontanny pojem‘ budeme pouzivat’ pre pojem, ktory sa tvori v procese praktickej ¢innosti v bezprostrednom
styku s 'ud'mi (t.j. pojem oznaéeny slovom hovorového jazyka) a termin ,,vedecky pojem* pre pojem, ktory sa utvara
v procese vyucovania.
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2. Analyza Struktury pojmov tematického celku (Hl’adanie
odpovedi na otazku ,,Co u¢im?*)

Vyrazové prostriedky

U pojmu budeme rozoznavat’:

nazov — je to slovo

symbol (symbolicky zapis) — je to obrazok

vyznam — je to informacia o vybranych charakteristikach pojmu

zmysel — su to vlastnosti, vztahy charakteristickych znakov v systéme pouzivania pojmov

reprezentacia — je to systém prostriedkov, pomocou ktorych ziak ziskava skusenosti a poznatky o pojme

Nazov a symbol pojmu sa zavadza:
nazornou definiciou — ukaZe sa na objekt pojmu, pripadne na jeho znazornenie: Toto nazyvame... , Toto je ...

nominalnou definiciou — napriklad: hrusku, jablko, ¢eresiiu nazyvame spolo¢nym menom ovocie

Vyznam sa zavadza:
nazornou definiciou —  ukaZze sa vlastnost’, vztah: pozri, ruza ma ..., ked’ odmerias, zistis...

popisom — napriklad: Ked’ zohrejeme vodu na 100 °C, dostaneme paru.
Ked odpocitame viacsie Cislo od mensicho, dostaneme zaporné ¢islo.

logickou definiciou — (objekt, ktory definujeme) je (to pomocou ¢oho definujeme), napriklad: Laska je vola
podstipit’ namahu pre zdokonalenie svojho blizneho.

O vyzname budeme hovorit’ vZdy vo vztahu k definicii; o zmysle vo vzt'ahu k uéebnym situadciam. Budeme
diferencovat’ definovanie nazvu od definovania vyznamu. (Casto je to mozné iba sledovanim kontextu).

Zmysel

Zmysel sa utvara prostrednictvom metod a prostriedkov umoznujucich ziakovi ziskat’ rad podnetov, ktoré mu
sprostredkuju skiisenosti a poznavanie.

Podra druhu prostriedkov, pomocou ktorych Ziak ziskava skisenosti a poznatky o pojme, hovorime o:

¢innostno-obrazovej reprezentacii pojmu — pozorovanie obrazkov, tvorenie obrazkov, manipulacia s modelom,
pozorovanie samotného objektu (napriklad chrusta), konstrukcia kruznice pomocou povrazka, apod.

slovno-symbolickej reprezentacii pojmu — poznatky sprostredkované textom obsahujucim vedecké terminy.

Poznamka: Tematickym celkom sa rozumie vsetko to, z Coho Cerpa ucitel’ pri priprave na vyucovanie.

Ukazka analyzy tematického celku z osnov strednej Skoly

Ako vidime, Struktiura pozostava z dvoch modelov kvadratickej rovnice: algebrického (A) a geometrického (G).
V geometrickom sa nachadzaju dve alternativy kritérii na postdenie poétu korenov (I a II).

Algebricky model vychadza z existencie polynomu 2. stupnia a jeho rozkladu. Kvadratickd rovnica je vyraz,
ktorého hodnota je 0. Pocet koreniov kvadratickej rovnice je zavisly na existencii hodnoty neznamej x, pre ktora sa
vyraz rovna 0. Pri hl'adani korefiov rovnice sa pouziva veta a * b = 0 <=> ked’ a = 0 alebo b = 0, priCom sa
vyslovia poziadavky, ktoré umoznia rozklad troj¢lena.

Geometricky model vychadza z existencie paraboly v(O, X, y), posunutia, ktoré je zhodnym zobrazenim a jej
priese¢nika s osou x. Pocet korenov je zavisly od vzdjomnej polohy paraboly a osi x (I) alebo od vzajomne;j
polohy paraboly a priamky (II). Algebricky a dva geometrické modely vytvaraju kontext pre argumentaciu
kauzalnych vztahov. Napriklad na otdzku: ,,Pre€o ma kvadratickd rovnica najviac dva korene?, mozno
odpovedat”:

87



Educational and Didactic Communication 2007, Vol. 3, Applications — Science Education — Model didaktickej komunikécie
na zékladnej a strednej Skole

1. Pri pouziti vety o nulovej hodnote su¢inu dvoch vyrazov mozeme po Uprave troj¢lena uvazovat’ iba o najviac
dvoch vyrazoch — (A).

2. Parabola méze mat’ s ¢iselnou osou x najviac dva spolo¢né body (GI).

3. Priamka mdze mat’ s parabolou najviac dva spolo¢né body (G2).

Struktiira pojmov je zvolena tak, aby umoznila pracovat” heuristickou metédou, t. j. poskytovala ,,vel'a materialu
na diskusie, pri ktorych sa budu objavovat’ vztahy a vlastnosti novych pojmov.

Do ucebnych situdcii mozno zahrnut aj diskusiu pri sprostredkovani nového uciva (napriklad: spolocne so ziakmi
mozno odvodit’ vzorec a diskutovat’ o jeho pouzitelnosti). Ked’ sa pozorne pozrieme na strukturu pojmov, vidime,
ze vysvetlenie (vyklad novej latky) staci pouzit’ iba pri zavedeni novych terminov. Vsetko ostatné moézu ziaci,
pomocou Sikovne zvolenych navodov a otazok, objavit samostatne. Mo6ze sa pouzit’ zauzivana metoda: nové
poznatky — rieSenie vzorového prikladu nahradit’ metédou nové poznatky — diskusia — rieSenie Gloh. Takto zvolena
diskusia umoznuje ucitel'ovi posudit’ stupent porozumenia vyznamu nového pojmu, ale aj posudenia efektivnosti
(G¢innosti) pripravy, t.j. postidenie primeranosti, G¢innosti otazok, ktoré si pre diskusiu ucitel’ pripravil. V tomto
pripade ide o ucebnu situaciu, ktora sa malo pouziva v praxi je vSak efektivna, lebo pomocou Sikovnych,
cielavedome zostavenych otazok, sa mozno ihned” dozvediet, ¢i si vyznam pojmu ziak spravne utvara (alebo ¢i sa
nejedna iba o verbalizmus). Netreba ¢akat’ az na situdciu, ked’ ziak nevie vyriesit’' tlohu a az potom hladat’ pri¢inu
jeho neschopnosti.

Napriklad diskusia vyprovokovana otdzkami:

1. Preco prave priesecniky paraboly s osou x || y st vhodné na to, aby boli znazornenim korenov kvadraticke;j
rovnice? S odpoved’ou cakame aj argumentaciu.

2. Mohli by byt priesecniky paraboly s osou x modelom korenov kvadratickej rovnice, ak by bola jej os x || y?

3. Aky je vztah medzi moznostou (pripadne nemoznost'ou) rozlozit’ kvadraticky trojélen a poctom priese¢nikov
paraboly s osou x?

Kvadraticka rovnica

A — algebricky model G — geometricky model
polynom 2. stupiia »| kvadraticka funkcia parabola v (O: x, y)
a jeho rozklad v R kvadraticka rovnica
v
— - Y graf kvadratickej
n.umer'lcka m.etoda funkcie a kvadraticke;j
rieSenia rovnice v R rovnice v (0 x_ V)
' v
pocet korenov kvadra- odvodenie vzorca pre Posunutie
tickej rovnice vzhl'a- vypocet koretiov v(0:X,y)
dom na existenciu rovnice !
rozkladu polynému
poly pocet korenov

kvadratickej rovnice

A v(0:x,y)
vzajomny vztah korenov |
a koeficientov kvadraticke;j ,
rovnice
priamka v (O: x, V)
A 4

pocet korenov kvadratickej
rovnice v (O: X, y)
11
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3. ReSpektovanie suvislosti medzi metodami sprostredkovania
uciva a hodnotenim jeho zvladnutia (Ako u¢im a ako hodnotim
pracu zZiakov?)

Hlavny cielom intelektualnej vychovy je naucit’ ziakov mysliet. Podla L. S. Vygotského pojem sa v intelekte
ziaka utvara (interiorizuje) v procese myslenia. Vyucovanie treba organizovat’ tak, aby zamerne podnietilo
zmysluplné utvaranie myslienok a myslienkovych Struktar, ktoré umoznia uvedomit’ si Struktiry myslenia. Tento
zlozity a dost’ malo poznany proces si moézeme zjednodusit’ nasledujiicou schémou:

Podmienky tvorby myslienok

I .Tvorba objektov myslenia

vzbudenie zaujmu

\

A
A 4

bezprostredna skiisenost’

/

socialna komunikacia v oblasti
manipulacnych aktivit

II. Tvorenie Struktiry
myslenia

e<—

zamerna pozornost’

sustredenie

Manipulacia s myslienkami (myslienkova aktivita)

III. Uvedomenie si
Struktary myslenia ako na to?

|| _

socialna komunikacia v oblasti
myslienkovej aktivity
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Ako vidime, §truktira pozostava z troch etap, ktoré su sice teoreticky diferencované, no v skutoénom mysleni
ziaka su ich hranice difiizne. Pri priprave ucenych situacii ich vSak treba reSpektovat’.

Treba si uvedomit, e ide o §truktiru, v ktorej je dolezity kazdy prvok. Struktura sa stava celkom novym objektom
iba v aktivnej atmosfére spolupdsobenia ucitela a Ziaka. Tato skutoénost nemozno objektivizovat, ma
individualny a neopakovatel'ny charakter.

Existuje vSak urcity objektivny zaklad, ktory mozno organizovat’ s cielom vyprovokovat’ urcity druh myslenia,
vhodny na osvojenie ur¢itého druhu ucebnej latky. V suvislosti stym mozeme hovorit’ o volbe vyucovacich
metod.

V pripade, Ze v ramci ucebnych situacii chceme

— utvarat’ potrebné navyky, zrucnosti a rozsirovat’ pamét, zvolime metddu vyucovania, ktora umoziuje ziakovi
jednoznacne, v ramci presne vymedzenej ¢innosti, postupovat’ k ciel'u;

— vyuzivat’ a uprednostiiovat’ obrazotvornost’, napaditost’, fantaziu a tvorivost’ ziakov, volime tak metddu
vyucovania, ktora umozinuje prostrednictvom rdéznych modelov pojmov postupovat’ k ciel'u (vyrieseniu ulohy)
réznymi cestami.

Obe tieto poziadavky mozeme splnit’ vol'bou dvoch vyrazne odlisnych metdd vyucovania:

— algoritmickej metody
— nealgoritmickej metddy

Charakteristickou Crtou algoritmickej metody je, ze instrukcie, ktoré su sucastou navodov konania, plne a presne
podmienuji myslienkovy proces, presne a jednoznacne predpisuju riesitelovi, ako ma v urcitych situaciach konat’.
Instrukcie pre postup nenechavaju riesitel'a na pochybnostiach o charaktere a slede ich plneni. Aby vyriesil Glohu,
musi iba presne splnit’ to, Co predpisuje navod. Algoritmicka metdda obycCajne obsahuje organizované cvicenie
podrla zasady od jednoduchs$ieho k zlozitejSiemu. Pri praci s touto metédou sa nepocita s tvorivostou a invenciou
ziaka (v niektorych pedagogickych publikaciach sa v tychto situaciach hovori o konvergentnych tlohach alebo
o konvergentnych uéebnych situaciach).

Charakteristickou ¢értou nealgoritmickej metddy je, Ze nechava rieSitelovi volnost’ pri vybere postupu, pocita
s tvorivost'ou a invenciou ziaka. Pokyny, ktoré ziak dostava, maji urcita (vopred planovantl) davku neurcitosti.
(V pedagogickej literature sa Casto tato metéda uvadza terminom divergentné lohy). Nealgoritmicka metdda
spravidla obsahuje heuristické (objavovatel'ské) rozhovory s triedou, skupinova pracu ziakov, konzultaciu ziakov
v priebehu ich samostatného riesenia problémov.

Prave spomenutymi metdédami sa podrobne zaoberajii publikacie:

Talyninova, N. F.: Teoretické problémy programového uéeni, Praha SPN 1971
Landa, Z. N.: Algoritmy a uceni, Praha, SPN, 1973

Gagné, R. M.: Podminky uceni, Praha, SPN, 1975

Pre potreby prace v ramci tematického celku budeme zarad’ovat’ medzi metddy nealgoritmického charakteru
heuristickt (objavovatel’skl) metodu a v suvislosti s algoritmickymi metédami budeme hovorit’” o programove;j
metode.

Tieto dve metddy doplnime klasickou metédou vykladu uciva (vysvetlenie uciva).

Jednotlivym metédam, vzh'adom na charakter spolupdsobenia ucitel’a a Ziakov mozeme priradit’ Struktary
pedagogickej komunikacie (pozri odsek 4):

— programova metoda — konzultacia, ziak sa pyta
— heuristicka metdéda — spolupraca, konzultacia, ziak sa pyta
— vysvetlenie u¢iva — vyklad, ziak sa pyta
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Metodam sprostredkovania uciva mdzeme priradit’ formy hodnotenia takto:

ziacky referat

heuristickd metoda frontalny rozhovor
skupinova praca

ustne skusanie pri tabuli
test vyklad uciva

programova metoda pisomna praca pisomna praca

/1\

rozcvicka

jeden ziak odpoveda
ustne skuSanie ——————  viac ziakov odpoveda

frontalny rozhovor s triedou

pre niekol’ko zZiakov
pisomna praca

pre celu triedu
pisomné skusanie / pre niekol’kych ziakov
\ test
\ pre celu triedu

/ pisomné
rozcvicky \
ustne

/ pisomné prace

ziacke referaty

hodnotenie domacej prace

/ na vyucovacej hodine

skupinova praca

\’ mimo vyu¢ovania

Poznamka: Slovom ,.test* je oznacena praca podl'a vypracovanej predlohy obsahujuca alternativy pre odpovede, dopliiovanie
grafov, pripravenych obrazkov, usporadiivanie vyznacenych symbolov, slov, apod.

4. Verbalna komunikacia na vyu€ovacich hodinach (HPadanie
odpovedi na otazku: ,,Ako ué¢im?)

Vzhl'adom na citacie na zaciatku textu, hlavnym prostriedkom utvarania vyznamu pojmu v intelekte ziaka je
verbalna komunikacia ziak — ucitel’, ziak — ziak. T4to sa, v§ak, mdze vhodne dopliat’ pracou s poéitacom.

Uvedieme $tyri vyrazne rdzne sposoby verbalnej komunikéacie, ktoré sa vyskytuju v ucitel'skej praxi.
Zviditel'nujeme ich prostrednictvom schém, v ktorych su vyznaéené objekty: ucitel’ (U), ziak (Z) a obsah uciva
(O). Tieto su pospajané komunikacnymi cestami C, ktoré charakterizuju jednotlivé etapy.

91



Educational and Didactic Communication 2007, Vol. 3, Applications — Science Education — Model didaktickej komunikécie
na zékladnej a strednej Skole

Vyklad uciva

Cl1, C2 ... ucitel’ sa oboznami s ucivom a pripravi sa na jeho sprostredkovanie

(0]
C3 ... ucitel’ upriami pozornost’ ziakov na obsah uciva C1 C5
C4 ... ziak sustred’uje pozornost’ na obsah uéiva C2 C4
C5 ... ziak spracuva poznatky v obsahu uciva C3

C6 ... ziak podava informacie ucitel'ovi o obsahu uéiva U

N«

Co
Situéciu pri vyklade u¢iva mozno charakterizovat’ aj vetou : ,,Pozrite, je to takto.“

Schéma zodpoveda situécii vo vyucovani, ked’ ucitel’ vysvetl'uje nové ucivo, riesi vzorovy priklad, robi rozbor
Skolskych a domadcich tloh, alebo systematizuje poznatky. Komunikacné cesty C1 a C2 patria do pripravy ucitel’a
na vyucovanie. Cesty C3 a C4 prebiehaju na vyucovacej hodine. Cesty C5 a C6 sa uskuto¢nia bud’ na vyucovacej
hodine alebo patria do domacej pripravy ziaka. Cesta C6 znamena odpovede ziakov posudzované bud’ z hl'adiska
ucinnosti vykladu alebo z hl'adiska hodnotenia Ziaka.

(0]
Spolupraca
Cl aC2 ... ucitel aj ziaci pozoruju obsah uciva Cl1 C2
C3 aC4 ... ziskavaji o iom informacie a spractvaji ich C3 4
C5 a C6 ... vymenia si navzajom svoje poznatky C5
U

» Z

Situdciu mozZno charakterizovat’ otdzkou: ,,Ako na to?*

Schéma zodpoveda situdcii vo vyucovani, ked’ si ucitel’ zoberie ziaka (Ziakov) C6
za spolupracovnika (spolubesednika). Vsetky komunikac¢né cesty prebiechaji na vyucovacej hodine. Pri priprave na
tuto formu komunikacie musi ucitel’ pocitat’ s alternativnymi (nie presne o¢akdvanymi) reakciami ziakov.

Konzultacia

(0]
Cl ... ziak pozoruje obsah uciva
C2 ... ziada o nom ziskava informacie a spracuva ich C4 Cl
C3 ... ziak da otazku ucitel'ovi C5 C2

C3

C4 a C5 ... ucitel’ konfrontuje svoje poznatky s otazkou ziaka

C6 ... ucitel odpoveda ziakovi U > Z

Situaciu mozno charakterizovat’ otdzkou: ,,Pomoézete mi?*, ,, Postupoval som spravne?* C6

Schéma zodpoveda situécii, ked’ ucitel’ necha ziakov samostatne pracovat’ v niektorej ucebne;j situacii. Potom
v pripade, ze Ziak nevie postupovat’, mu pomaha alebo v pripade, ze ulohu vyriesi spravne, prediskutuje s nim cely
postup rieSenia.

Ziak sa pyta: (0]

Cl1 ... ziak pozoruje obsah uciva

C2 ... ziada o niom informaciu od ucitel'a C4 C1
C3 ... ucitel’ na zéklade otazky ziaka pozoruje obsah uciva C3 C6

C4 ... ucitel’ spracuva poznatky o obsahu uciva, na ktory bol ziak upozorneny C2

CS ... informuje ziaka (odpoveda ziakovi) U < > 7.
C6 ... ziak na zaklade odpovede ucitel’a spracuva poznatky o ucive C5

Situaciu mozno charakterizovat’ otazkou: ,,Preco je to tak (také)?“, ,Co keby to bolo aj takto?*
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Schéma zodpoveda situécii vo vyucovani, ked nieco vyprovokuje Ziaka k otazke. Tato schéma moze byt
mimovol'na, ucitel’ ju neplanoval alebo ucitel'om naplanovana Sikovnou volbou ucebnej situacie.

Omyl, chyba a hodnotenie prace Ziaka

Pri objavovani (heuristickd metéda) je omyl (chyba) sticastou myslenia a umoziuje najst’ riesenie. Ziak je pri
objavovani sustredeny na hl'adanie cesty, prostriedkov rieSenia. Chyba varuje, Ze cesta nie je spravna, alebo, Ze
treba nie¢o vediet, ¢o som zabudol. Ziak musi byt sustredeny na rozpoznanie chyby, ktort urobil a na ,,vyvodenie
dosledkov* z vlastnej iniciativy.

Pri praci podl'a navodu (programova metdda), ktory ma ziak ovladat, omyl (chyba) znemozni napredovanie (lebo
niet inej cesty), preto je trestuhodnd. V tomto pripade sa ziak musi ststredit’ na to, aby neurobil chybu.

Tieto dva rdzne postoje k chybe treba respektovat’ pri praci heuristickou alebo programovou metédou. treba ich,
vsak, reSpektovat’ aj pri hodnoteni prace a vedomosti ziakov. Preto nie je, napriklad, vhodné hodnotit’ vedomosti
ziaka ziskané v priebehu heuristického rozhovoru testom, ale zvolime si, napriklad, samostatni pracu, ktorej
rieSenie budeme so ziakom konzultovat’.

5. Didakticka komunikacia ako prostriedok vytvorenia atmosféry
priaznivej rozvoju Ziaka ,,Co svojou ¢innost’ou sposobujem?*

Vyjdeme z modelu vychovno-vzdelavacieho procesu v podmienkach triedno-hodinového vyucovania. Model sme
zostavili na zéklade tychto poziadaviek:

1. Konstruovat’ systém, v ktorom sa zvyrazni atmosféra vyuc¢ovania ako determinant Gi¢innosti ucenia.

2. Prvky systému a ich vztahy zvolit’ tak, aby sa mohol sledovat’ determinacny charakter atmosféry vyucovania.

3. Diferencovat jeho dva podsystémy. Prvy z nich je konStruovany z teoretickych poznatkov tedrie vyucovania
a ich vztahov, nazveme ho objektivna zlozka. Druhy je zostaveny z pojmov, ktorych vyznam nemoézeme
presne vymedzit’, lebo obsahuju neobjektivizovatel'né zlozky osobnosti ucitel’a, individuality ziakov, ako aj
kolektivu triedy, nazveme ho subjektivnou zlozkou. (V tomto prispevku vzhl'adom na ucel informacii
nebudeme tito oblast’ precizovat’ pomocou psychologickych pojmov).

Treba si uvedomit’, ze atmosféra vyucovania je pojem, ktory mozno vymedzit’ iba ¢iasto¢ne. Ide o psychologicky,
a nie pedagogicky pojem, lebo patri do oblasti citovej interakcie uéitela a ziakov, je individualneho
a neopakovatelného charakteru. Atmosféra vyuovania nepatri medzi zlozky vychovno-vzdelavacieho procesu,
ktoré mozno riadit’. Jej charakter je priamo zavisly na osobnosti ucitela, kde dominuji najmé jeho humanne
postoje, ako je napriklad empatia a pedagogické intuicie, ktoré umoznuji modifikovat’ uéivo. Vyznam atmosféry
vyucovania mozno vsak Ciastone vymedzit’ prostrednictvom urcitého zvoleného systému pojmov, ktory umozni
»zviditelnit* niektoré atribty jej Struktury, a tym ndjst GCinné prostriedky na vytypovanie nevyhnutnych
predpokladov pre vytvorenie atmosféry vyucovania priaznivej rozvoju osobnosti ziaka.

Teraz opiSeme jednotlivé prvky a vztahy systému zviditel'neného schémou na nasledujuce;j strane.

Rozoberieme teraz jednotlivé prvky a vztahy Struktiry modelu (v schéme ide o oznacenie okienok ¢islami 1-7, I-
VII).

Struktira je konstruovana z pojmov, ktorych vyznam je vymedzeny v pedagogike. Vyznam tychto pojmov znova
neuvadzame (ako je napriklad pojem: vekové osobitosti ziakov). Sustredime sa iba na pojmy, ktorym vyznam
dopiiame za Ggelom ich diferencovania. Diferenciicia je potrebnd z hladiska ciela (t.j. utvorenie atmosféry
priaznivej rozvoju), ktory sledujeme.

V modeli diferencujeme tieto prvky (pojmy):

1. didakticky text (4): normativ, ktory zohl'adiiuje pedagogické zasady pri transformacii vedeckych poznatkov
do uciva, pedagogicky text (IV): vznikd v ramci verbalnej pedagogickej komunikacie (hovorova aj pisomna
forma), t.j. jeho stvarnenie je zavislé na osobnosti ucitel'a a charakteristike triedy (okrem iné¢ho),

2. Struktira komunikacie (7): teoreticky konstrukt abstrahovany z pedagogickej praxe (pozri odsek 4),
zameranie komunikacie (III): verbalna aj neverbalna komunikécia Ziakov a ucitel’a,

3. metody hodnotenia (5): pedagogické pojmy (pozri odsek 3) zameranie hodnotenia (II): pdsobenie ucitel’a na
Ziakov v ramci ich hodnotenia,

4. metody vyulovania (5): pedagogické pojmy (pozri odsek 2), modifikacia uciva (I): schopnost’ ucitel’'a menit’
stratégiu posobenia na ziakov pri predpokladanych aj spontanne vzniknutych situaciach v triede.
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objektivna zlozka - —
- — vekové a socialne osobitosti
zamery vzdelavania P | ziakov, ciele vzdelavania
2 3
veda
jazyk vedy
1
Co si pripravim? obsah, §truktira uéiva, didakticky text
4
v
metody metddy hodnotenia Struktira komunikacie
vyucovania P | 6 PN 7
5
subjektivna zlozka
v \ 4 v
modifikacia uéiva zameranie hodnotenia zameranie komunikécie
I 11 111
7'}
. R ) spravanie ucitela,
Co sposobujem?
pedagogicky text
/ v \
autoreflexia charakter kolektivu triedy,
citel'a s o
“ individualita Ziakov
A%
VI
/
vonkajsie podmienky
VII
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Objektivna zloZka (t. j. tedria). Prvky 1-3 determinuji obsah, konstrukciu uciva a charakter didaktického textu
ucebnic. Metdédy vyucovania a hodnotenia, ale aj $truktira komunikacie s zavislé od obsahu a Struktary uéiva.
Vyber metdod vyuCovania je zavisly na Strukture uéiva a metddy hodnotenia na obsahu uéiva, Struktire
komunikacie a metédach vyufovania. Teda metédy vyuCovania, Struktira komunikacie a metdédy hodnotenia
tvoria jeden celok, ktorého posobnost’ je uréena prave charakterom vézieb medzi nimi.

Subjektivna zlozka (mdzZeme ju oznacit, v zaZenom vyzname, aj ako pedagogicku prax) je charakterizovana
osobnost'ou ucitel’a, individualitou ziakov, ako aj celého ziackeho kolektivu. Tieto dve zlozky spolu s vonkajsimi
podmienkami determinuju spravanie ucitel’a a charakter pedagogického textu, ¢o suvisi so schopnost'ou ucitela
modifikovat’ u¢ivo.

Ststredime sa teraz na problematiku vytvarania nevyhnutnych predpokladov vytvorenia atmosféry vyucovania
priaznivej rozvoju ziaka.

Ako vidime, existuji teoretické poznatky, ktorych reSpektovanie moéze ovplyviiovat utvaranie atmosféry
vyuCovania. Ddlezitu tlohu pre nase skiimanie maji vizby objektivnej a subjektivnej zlozky, ktoré sa utvaraju
prave v ramci pedagogickej komunikacie.

Objektivnu zlozku mozno (ako vieme) tiez charakterizovat’ ako teoreticky predpoklad G¢innosti vyucovania. ktory
sa da sledovat’ v projektovej Casti vychovno-vzdelavacieho procesu. Subjektivnu zlozku mozno charakterizovat’
ako predpoklad ucenia, ktory mozno sledovat’ iba v procese interakcie ucitel’a a ziakov. Z hl'adiska reSpektovania
objektivnej zlozky, ako aj existencie pedagogického talentu (kde dominuji najmé pedagogické invencie), mozu
nastat’ napriklad tieto pripady:

1. Ucitel’ bez uvedomelého re$pektovania teoretickych poznatkov z pedagogiky a psychologie, iba na zaklade
svojej odbornej erudicie a osobnosti vytvara priazniva atmosféru vyucovania.

2. Ucitel respektuje teoretické poznatky, je odborne na vyske, no nevytvara atmosféru vyucovania priaznivi pre
rozvoj osobnosti ziaka.

3. Ucitel respektuje teoriu a vytvara priaznivl atmosféru vyucovania.

V prvom pripade ide o spontanny pedagogicky talent, ktorého existenciu nemozno zaznavat’. V tretom pripade ide
bud’ o pedagogicky talent, ktory naviac svoje pocinanie vie odévodnit’ prostrednictvom teérie, alebo ide o ucitel’a,
ktory ,,na sebe cielavedome zapracoval®.

Pre nase d’alSie skimanie dolezity prave pripad druhy. Ak vylic¢ime absenciu ddlezitych vlastnosti, potrebnych na
ucinné pedagogické pdsobenie, tak treba najst’ prostriedky a metddu, ako v tomto pripade pomoct ucitelovi
vytvorit’ atmosféru vyucovania priaznivii rozvoju osobnosti ziaka.

Vyslovujeme nasledovnt hypotézu: Jednou z pri¢in méze byt neschopnost’ spravnej transformacie didaktického
textu do textu pedagogického, ktord je ovplyvnend (v praxi zauzivanymi) vzormi spravania, zamedzujicimi
vytvorenie a rozvoj atmosféry priaznivej rozvoju ziaka. V tomto pripade treba ucitelovi poskytnit vzory
spravania, ktorych respektovanie je potrebné na vytvorenie atmosféry priaznivej rozvoju ziaka. ide o nieco, ¢o sa
v naSej pedagogickej literature dosial’ (pokial’ viem) nevyskytuje. V ramci tohto prispevku poskytujem ukazku
jedného z moznych spdsobov komunikacie ucitel'a a ziakov s cielom vytvorit’ atmosféru vyucovania priazniva
rieSeniu problémov (t.j. potrebné pre uspesntl heuristickti metodu).

Ak si ucitel’ vybral ucivo, pripravil ucebné situacie, vhodné na aplikovanie heuristickej metody, tak musi vediet
vytvorit’ atmosféru, ktora sa diametralne odliSuje od atmosféry vyucovania v ramei klasickej vyucovacej hodiny,
pripadne vyucovacej hodiny, na ktorej sa pracuje algoritmickou metddou (t.j. rieSia sa konvergentné ulohy).
V opacnom pripade nebude zvolend metéda Ucinna. Pre vytvorenie tejto atmosféry, ktor nazveme atmosféra
rozvoja ¢innosti, platia urcité pravidla. Strucne uvedieme:

Utitel’ po zverejneni a vysvetleni problémovej ulohy komunikuje s triedou. Ziakov nevyvolava, tito dobrovolne
reaguji na situdciu vytvorenit zameranim ulohy alebo otazkou ucitel’a. (Pri tomto druhu komunikacie Ziaci pri
odpovediach Casto nevstavaji zo stoliciek). Obsah komunikacie aj pouzivané vyjadrenia sii zamerané na rozvoj
¢innosti, to znamena, Ze nespravnemu, pripadne netplne vyslovenému vyroku, ktory nevedie k ciel'u, nie je
venovand pozornost’ (pozri poznamku v odseku 4). Ide tu o odklon od pravidla zauZivaného v praxi, ze kazdému
nespravnemu vyroku treba venovat pozornost, treba ho opravit’ a ziaka vyviest z omylu. PretoZe sa cela trieda
venuje rieSeniu problému, kde prave metdoda pokusu a omylu ma svoje opodstatnenie, chyba sa stava sucastou
procesu hl'adania cesty rieSenia, teda nie je zavrhnutiahodnym faktom, ale nie¢im Comu sa nemoézeme vyhnut'.
Dosiahnutie ciel’a je zalezitostou celého kolektivu triedy, preto sa odmeiiuju iba dobré a k ciel'u veduce napady.
V tejto atmosfére sa da predpokladat, ze ziak, ktory sa pomylil, bude mat’ moznost’ v priebehu d’alSej Cinnosti
celej triedy objavit’ svoj omyl, pripadne nan zabudnut’. Pri takto organizovanej praci ucitel’ hodnoti iba dobré
vyroky ziakov.
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Struktaru komunikacie znazornime schémou:

ucitel’ ziada mienku triedy

spravne
ucitel’ suhlasi
ziak reaguje na situaciu
ucitel’ nevenuje pozornost’ vyroku ziaka
nespravne ucitel’ nesuhlasi, no neopravuje jeho nazor

ucitel’ ziada mienku triedy

Priblizime si slova ,,nevenuje pozornost™. Znamena to, ze bez toho, aby akokol'vek komentoval vyrok ziaka, da
pokyn k vyslovovaniu d’al$ich nazorov. Ziaci na zaklade predchadzajuceho dohovoru o spésobe komunikacie
vedia, Ze sa vyslovilo nieco, ¢o nevedie k ciel'n, teda je to vlastne zbytocné. Ide o napad, ktory sa neosvedcil.
Kazdy vie, ze ma pravo vyslovit' aj napady, ktoré nevedi k cielu. Zaroven vie, ze ked’ sa v priebehu rieSenia
problému sam nepresvedcCil, Ze jeho ndpad bol naozaj neprospesny, tak ma moznost po vyrieSeni problému
vyslovit' svoje namietky bud’ pred celou triedou alebo len v pritomnosti ucitel’a. Je dolezité, ze ucitel’ pri tomto
druhu komunikacie nekarhd, nepozastavuje sa nad nevedomost'ou ziakov, nepoukazuje na zavaznost’ chyby a pod.
Ked’ reaguje, tak iba takto: ,,Mne sa to nezda. Nie je to spravne. Nie. Pod’'me dalej*, a pod. Ziadat’ mienku triedy
znamena vytvorit’ situaciu, v ktorej moézu ziaci vyslovit' svoj nazor k dobrému, pripadne k zlému vyroku
spoluziaka. Napriklad ucitel’ sa obrati na triedu s otazkou: ,,Co myslite, je to dobré? D4 sa tento nézor pouzit’ pri
rieSeni? Ma niekto iny nazor?* a pod.

Zaverom chceme zdoraznit, Ze reSpektovanie uvedenych pravidiel je nutnou, no v ziadnom pripade nie
postacujicou podmienkou na to, aby sa vytvorila atmosféra rozvoja Cinnosti (t. j. vhodna na rieSenie
problémovych uloh). ide o pripravnu (projektovu) Cast vychovno-vzdelavacicho procesu, teda o teoreticku
(idedlnu) cast’ transformacie didaktického textu do textu pedagogického, t.j. iba jeden z pohl'adov na vzt'ah prvkov
modelu v jeho schéme oznacenych ¢islami 7 a III. Realiz4cia uvedenych pravidiel a jej Gspesnost’ je zavisla na
osobnosti ucitela. Na jeho ochote reSpektovat’ osobnost’ ziaka (aj malého), pravo ziaka na individudlny nazor.
Dalej, ako sa vie vzit’ do problémov svojich Ziakov pri riedeni uloh, ako vie pomdct’ nesmelému, ako vie na druhej
strane stlmit’ prejav mimoriadne ambicidozneho. No najmd v jeho schopnosti v tychto situaciach ustapit od
zauzivaného zvyku a pripustit, ze chyba nie je polutovaniahodny priestupok, ale organicka zlozka rieSenia
problémov (lebo uplne ina situcia nastava pri vysvetlovani nového uciva, kde chyba Ziaka poukazuje na urcita
deformaciu vnimania poskytovanych informacii). Teda teoreticka priprava moéze spolupdsobenim postojov
a dispozicii ucitel'a menit’ text ucebnic v zivy pedagogicky text spoluexistencie uéitela a ziakov — v atmosfére
rozvoja ¢innosti.

96



Educational and Didactic Communication 2007, Applications, Vol. 3, — Science Education — Fyzikéalne miskoncepcie

Fyzikalne misconcepcie — Physics Misconceptions
Pavol Tarabek, Didaktis, didaktis@t-zones.sk

Kracové slova: miskoncepcia, fyzikdlna miskoncepcia, aristotelovskd miskoncepcia, pojmova miskoncepcia,
ucebnicova miskoncepcia

Key words: preconception, misconception, physics misconception, Aristotelian misconception, conceptual miscon-
ception, textbook misconception

Abstrakt: Praca poukazuje na niektoré pri¢iny vytvarania fyzikalnych miskoncepcii v poznatkoch Studentov, ktoré
vyplyvaja z osnov a ucebnic. Detailne sa zaobera aristotelovskou miskoncepciou pohybovych tcéinkov sily, ktora aj
na konci strednej 8koly vyrazne prevazuje nad spravnom newtonovskou koncepciou. Dalej poukazuje na nepresné
definicie fyzikalnych terminov, ktoré vedu k chybam vo vypoctoch (rok, AU, svietivost’) a nakoniec su prezento-
vané dva priklady miskoncepcii v u¢ebniciach fyziky (atom, stavova rovnica plynov).

Abstract: The paper shows some causes of formation of physics misconceptions in the minds of learners, which
follow from curricula and textbooks. The study deals with Aristotelian misconception of force that predominates in
the minds of students not only in the beginning, but at the end of high school. Then some incorrect definitions of
physical terms leading to mistakes in the calculations are showed (the year, AU, luminosity). At the end some
textbook misconceptions are showed (e.g. about the atom).

1. Co su to miskoncepcie?

Prekoncepcie (preconceptions) su primarne empirické poznatky deti, ziakov a Studentov ziskané obvykle vlastnym
poznavanim zalozenym na pozorovani reality a zovSeobecneni pozorovanych faktov, a preto niekedy nespravne.

Miskoncepcie (misconceptions, student’s frameworks) si nespravne a formalne poznatky ziakov, Studentov
a dospelych, pricom ide o chybne utvorené pojmy, mylné koncepcie zakonov a pravidiel, nespravne vysvetlovanie
faktov. Problém, na ktory mnohi autori upozorfiuji, spociva v tom, mnohé prekoncepcie a miskoncepcie su
v mysleni ziakov a Studentov hlboko zakorenené, na vytvarani miskoncepcii sa podiela aj Skola a pretrvavaja az do
dospelosti [1]. Podiel'aji sa na tom svojou chybovostou uéebnice (vyskumy miskoncepcii v uéebniciach [12],
nespravne nastavené osnovy (vyskumy naro¢nosti pojmov a poznatkov vzhl'adom na kognitivnu Groven ziaka, nutna
redukcia uciva, [6]), formalne vedené vyuCovanie (vyskumy vplyvu metodiky vyucovania na vytvaranie
miskoncepcii, [9, 13]), atd. Vedie to k otazke: Aky zmysel ma vlastne Skolské vzdelavanie? Tento problém zacal
rieSit uz Ausubel [1] a v sicasnosti sa nim dlhodobo zaobera napr. The Meaningful Learning Research Group [10].

Konkrétne ukazky prekoncepcii a miskoncepcii

1. Vysledky orienta¢nej skigky posluchadov tivodného kurzu geofyziky Univerzity of Illinois uverejnené v r.1998

v Casopise Americkej geofyzikalnej tnie [18]:

— 18 percent Studentov tvrdilo, ze Slnko obieha okolo Zeme.

— 50 percent Studentov malo nazor, ze zdrojom slne¢ného ziarenia su chemické reakcie. Inak povedané, polovi-
ca Studentov nevedela o existencii termonuklearnych reakcii, a tym ani o principe vodikovych zbrani — pol
storocia od konstrukcie prvej vodikovej bomby.

— 83 percent posluchacov nevedelo, Ze sklon zemskej osi je pri¢inou striedania ro¢nych obdobi. V tejto stvis-
losti sa autori $tiidie odvolali na skorsiu §tadiu, podl'a ktorej novoprijati $tudenti Harvardskej univerzity po-
vazovali rocné obdobia za nasledok premenlivej vzdialenosti Slnko - Zem.

— 55 percent bolo presved¢enych, ze biliardova gul'a a kolkéarska gul’a, obe vypustené z rovnakej vysky naraz,
nedopadni na Zem naraz. Fakt, ze Galileo vyriesil tato tlohu pred Styrmi storociami a Ze jeho rieSenie viedlo
k formulécii modernej dynamiky, nebol viac nez polovici skiiSanych Studentov znamy.

2. Aristotelovska miskoncepcia sily
Vysledky prieskumov vykonanych na Slovensku [20], v ktorych bol skimany vyvoj Grovne poznatkov ziakov
ZS a studentov SS vo fyzike, priniesli zistenie, ze vedomosti, ktoré ziaci a Studenti ziskavaji v Skole, sice naras-
taju, ale rastie objem nielen spravnych znalosti ale aj nespravnych znalosti — miskoncepcii

Otazkou ,,Ako sa prejavuje posobenie sily na telesa? bola testovana kognitivna véizba medzi silou a pohybom
telesa.

Na newtonovskej urovni ma tato vizba tvar F = a, t. j, ,,sila vyvoldva zmenu pohybového stavu telesa (zrych-
lenie, spomalenie alebo zakrivenie drahy)*.

Na aristotelovskej urovni ma tato vizba obvykle tvar F = pohyb, t. j. ,,sila spdsobuje pohyb telesa®.
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Tabul’ka 1: Odpovede na otazku ,,Ako sa prejavuje posobenie sily na telesa?* [20]
&islo stipca 1 2 3 4 5 6
vek respondentov pocet nulova nespravna odpoved’ odpoved’ na Grovni | odpoved’ na Girovni
resp. | odpoved odpoved ,.deformaciou‘ aristotelovske;j newtonovskej
Ziaci 6. ro¢nika Z$ 370 16,0 % 35,1 % 43 % 44,1 % 0,5 %
Ziaci 7. ro¢nika Z$ 307 13,7 % 12,4% 15.3% 54,4% 4,2 %
Ziaci 8. ro¢nika ZS 264 10,6 % 8,7% 26,3% 51,0% 3,4 %
Studenti 1. ro¢. gym. 209 7,6 % 2,5% 2,9% 54,5 % 32,5%
Studenti 2. ro¢. gym. 221 4,4% 2,7 % 4,4% 63,4 % 253 %
Studenti 3. ro¢. gym. 115 2,6 % 0,9 % 2,6% 65,2 % 28,7 %
Studenti 4. ro¢. gym. 187 2,7% 2,1 % 4,3% 63,6 % 27,3 %

Cise}né tdaje vo vietkych stipcoch udavaji percentualny podiel odpovedi z poétu respondentov uvedeného
v stlpci 1 a zaradenych do prislusnej kategorie a vekovej skupiny.

Stipec 2 udava percentualny podiel nulovych odpovedi (Ziaci vobec neodpovedali).

Stipec 3 — Ako nespravne resp. neprimerané boli vyhodnotené tie odpovede, ktoré sice z fyzikalneho hladiska
mohli byt aj spravnymi tvrdeniami, ale na otdzku odpovedali nespravne, napr. ,,sila pdsobi ur¢itym tlakom®, ,.si-
la sa prejavuje prirastkom energie®, ,telesa sa pritahuju a odpudzuju®.

Stipec 4 — Samostatne boli vyhodnotené odpovede typu ,,pdsobenie sily sa prejavuje deforméaciou telies”.

Stipec 5 — Odpovede boli zaradené do aristotelovskej tirovne, ak obsahovali vyjadrenie F = pohyb, popritom sa
niekedy objavili aj vyjadrenia ,,posobenie sily sa prejavuje aj uvedenim do pohybu®, ,, Telesa sa zaéna pohybo-
vat’.”.

Stipec 6 — Odpovede boli zaradené do newtonovskej irovne, ak obsahovali aspoii jednu zo zmien pohybového
stavu: zrychlenie, spomalenie, zakrivenie drahy (posledna indikacia sa vyskytovala iba ojedinele).

Ulohou ,,Dokreslite vietky pdsobiace sily na obrazku!“ bola testovana kognitivna vizba medzi pohybom tele-
sa a silou. Text k obrazku: Gul'6¢ka sa kotil'a doprava po hladkej vodorovnej ploche rovnomernym priamocia-

rym pohybom. O

Taburlka 2: Riesenia tlohy ,,Dokreslite v§etky posobiace sily na obrazku!“ [20]
gislo stipea 1 2 3 4 5 6
vek respondentov pocet nulova verbalna odpoved na urovni | odpoved na Grovni
resp. odpoved’ odpoved’ aristotelovske;j newtonovskej
Ziaci 6. roénika ZS 370 332 % 18,1 % 46,5 % 2,2 %
Ziaci 7. roénika ZS 307 20,8 % 24,8% 41,0% 13,4 %
ziaci 8. ro¢nika ZS 264 21,6 % 9,1% 61,7% 7,6 %
Studenti 1. ro¢nika gymnazia 209 3,3% 2,9% 72,2 % 21,6 %
Studenti 2. ro¢nika gymnazia 221 0,0% 2,7 % 67,8 % 29,5 %
Studenti 3. ro¢nika gymnazia 115 2,6 % 1,8 % 67,8 % 27,8 %
Studenti 4. ro¢nika gymnazia 187 2,1 % 0,6 % 86,1 % 11,2 %

Cisqlné udaje vo vietkych stipcoch udavaji percentualny podiel odpovedi z poétu respondentov uvedeného
v stlpci 1 a zaradenych do prislusnej kategoérie a vekovej skupiny.

Stipec 2 udava percentualny podiel nulovych odpovedi — Ziaci a §tudenti ulohu nevyriesili — sily do obrazku ne-
nakreslili ani nevpisali.

Stlpec 3 — Studenti do obrazku iba dopisali nazov sily, napr. ,zotrvacna sila“, ,.trecia sila®, ,,zotrvacnost™.
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Stipec 5 — Na aristotelovskej urovni $tudenti nakreslili len silu v smere pohybu, len silu trenia alebo nakreslili
obe sily ale rozne velké. Niekedy popri tychto silach dokresl'ovali aj tiazovu silu.

—() O (G

\%

Stipec 6 — Na newtonovskej trovni §tudenti bud’ nakreslili iba tiazovu silu F ¢ smerom dolu alebo silu F smerom
doprava a rovnak treciu silu F; smerom dol'ava alebo obe moznosti. Sily ¢asto aj oznacili symbolmi.

Q) (>~

4
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Ked’7e odpovede na aristotelovskej Girovni (stipec 5) obsahuju popri spravnych vyjadreniach newtonovského ty-
pu aj nespravne vyjadrenia aristotelovského typu, mozeme ich oznacit’ ako aristotelovské miskoncepcie, preto-
ze nezodpovedaju koncepcii sily v Newtonovej mechanike.

Mares, J., Cap, J. Pychologie pro ugitele [1], priklady na miskoncepcie:

Teplo a teplota je to vlastne isté. Teplo suvisi s vy$$imi teplotami.

Tazsie telesa vytla¢aju viac tekutiny neZ lahsie telesa.

Teleso ponorené do kvapaliny sa brani proti utopeniu tym, Ze plava.

Energia je schopnost’ telesa konat’ pracu.

Zvuk sa §iri rychlejsie nez svetlo. Vzdy ked” zapneme televiziu, najprv poujeme zvuk a az potom sa objavi
obraz.

Student Misconceptions [14]

The sun rises exactly in the East and sets exactly in the West everyday.
The sun is directly overhead at 12:00 NOON.

The earth is the center of our solar system.

The moon is only visible at night.

A white light source produces light of only one color - white.
The primary colors are red, yellow, and blue.

Black is a color.

Positively charged objects have gained protons.

A charged object can only attract other charged objects.
Gravitational forces are stronger than electrostatic forces.
Batteries have electricity inside them.

Gravitational potential energy depends only on the height of the object.
Doubling the speed of an object doubles its kinetic energy.
Doubling the speed of a car doubles its stopping distance.
There is no relationship between matter and energy.

Energy is not conserved! Because we are running out of it.
If an object is at rest, no forces act on it.

Large objects exert a greater force than smaller objects.

A force is needed to keep an object moving.

Wood floats and metal sinks.

Pressure and force are the same.

Heat and cold are different things.

Rocks must be heavy.

All metals are attracted to a magnet.

All magnets are made of iron.
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2. Analyza ucebnic zakladnej a strednej Skoly z hl’adiska vzniku
aristotelovskej miskoncepcie sily (Analysis of secondary and
upper secondary school textbooks from the light of Aristotelian
misconception of force)

Z tabuliek 1 a2 vidime, Ze aristotelovska koncepcia sily je prekoncepciou, teda ziaci 6. ro¢nika ju ziskali uz
predtym — zrejme zovieobecnenim vlastnej skiisenosti. Ako ukazuje analyza niZSie citovanych uéebnic, Ziaci ZS aj
Studenti SS =ziskavaju znich spravne poznatky o pohybovych ué¢inkoch sily, &o sa prejavuje narastanim
percentudlneho podielu newtonovskej trovne pojmu ,,sila“ (6. stipec 1. a 2. tabul’ky). Narasta viak aj percentualny
podiel odpovedi typu ,,sila spdsobuje pohyb®, ktory v mysli mnohych ziakov bez rozporu koexistuje s poznatkami
spravnymi na newtonovskej Urovni — tento fakt nazyvame aristotelovska miskoncepcia pohybovych ucinkov sily
(stipec 5 prvej a druhej tabulky). Otdzkou teda je, preto popri naraste spravnej newtonovskej koncepcie sily
vplyvom vyucovania v $kole rastie aj percentualny podiel aristotelovskej miskoncepcie, ktory by mal klesat’.

Na zékladnej Skole sa Zziaci v 7. ro¢niku ucia o tom, Ze sila sposobuje uvedenie do pohybu, zmenu rychlosti,
zrychlenie, spomalenie, zastavenie i zakrivenie drahy (ucebnica [5]) — ,,sila ma posuvné ucinky, t.j. méze pohyb
telesa urychlit, spomalit’ alebo zastavit*. V ucebnici su aj prislusné obrazky, takze Ziaci by mali ziskavat’ spravne
poznatky o pohybovych t¢inkoch sily. Analyza uc¢iva mechaniky v u¢ebniciach strednej skoly [4] ukazuje, Ze o sile
a jej ucinkoch sa Studenti ucia v 2. kapitole v tomto poradi:

1. Vzajomné pdsobenie telies, kde sa konstatuje, Ze ,,vysledkom vzajomného silového posobenia telies moze byt
alebo deformacia tychto telies, alebo zmena pohybového stavu.” Termin ,,zmena pohybového stavu® sa tu obja-
vuje prvykrat a termin ,,pohybovy stav* nie je vysvetleny. Zahrani¢né ucebnice napr. [7, 8] pri u¢ive podobného
charakteru aspon explicitne a na prikladoch uvadzaju, ze ,,sila spdsobuje deformaciu, alebo zrychlenie, spomale-
nie, ¢i zakrivenie drahy telesa“.

2. Inerciélne a neinercialne vzt'azné sustavy, kde sa sice hovori o réznych velkostiach spomalenia na réznych po-
vrchoch, ale o treni sa hovori len v pripade, keby sa jeho vplyv odstranil.

3. Po definicii hybnosti sa odvodzuje z experimentu zovSeobecnenim umernost’ sily a zmeny hybnosti a nasledne
vypocétom II. Newtonov zakon v tvare F = m.a.

4. Potom su v ucebniciach priklady na II. Newtonov zakon.

V praci [20] sa na zaklade kognitivnej analyzy a trojuholnikového modelovania popisuju viaceré poznavacie kroky,
ktoré musi edukant absolvovat, aby sa v mysleni dostal na newtonovsku Groven.

Aristotelovska urovei myslenia v mechanike je totiz prirodzena, pretoze vychadza z beznej skiisenosti ¢loveka,
ktory pozorované javy zovSeobeciuje a vytvara si prvé primitivne empirické zakonitosti.

Prechod na newtonovsku urovei, ktory je sucasne prechodom z empirickej na parametricka az Strukturalnu Groven
pojmovo-poznatkového systému Studenta, si vSak vyzaduje kvalitativnu zmenu myslenia, pri ktorej pévodné pojmy
a poznatky musia prejst’ komplexnou rekonstrukciou.

Aby sa v mysleni Studentov mohol vytvorit’ plnohodnotny pojmovo-poznatkovy systém na parametrickej urovni,
ktory je v mechanike reprezentovany newtonovskou koncepciou, je potrebné postupne realizovat’ viaceré¢ myslien-
kové kroky: Studenti

1. musia v pojmovej oblasti prejst’ procesom idealizacie pojmov;

2. musia pochopit’ zakon zotrvacnosti a podstatu zotrvacnej sily ako sily zdanlivej v neinercialnych ststavach a ako
sily skuto¢nej — reakcie, ktorou posobi akcelerujuce teleso na teleso, ktoré ho tlaci, taha a pod.; to umozni po-
chopit’ podstatu zotrvaénosti telesa ako ,,odporu” vo¢i zmene pohybového stavu;

musia rozlisit’ sily na tie, ktoré uvadzaju teleso do pohybu a brzdné sily,

musia vediet’ analyzovat’ pohyby telesa pod vplyvom sil uvadzajucich do pohybu a sil brzdnych,

v suvislosti s predchadzajucim krokom musia poznat’ a pochopit’ zékon skladania sil,

mali by si formulovat’ hypotézy o priamej umernosti & ~ F a nepriamej imernosti a ~ 1/m,

mali by pochopit’, Ze zmena pohybu sa deje v smere pdsobiace;j sily,

mali by si zostavit’ hypotézu pre II. Newtonov zakon na zéklade predchddzajucich poznatkov.

Aby studenti pochopili, ze hypotézy je potrebné aj overovat’, mozno im ukazat’, ako bola hypotéza F =m. a
testovana skimanim a vysvetl'ovanim pohybov nebeskych telies, k comu je potrebné znalost’ Newtonovho gravi-
tacného zakona a zadkona akcie a reakcie.

e Il

Podrobnejsia analyza vyssie citovanych ucebnic ukazuje nasledovné:

1. Proces idealizacie pojmov nie je v nich ani naznaceny.

2. Analyza zotrvaénych sil je nedostatocna, nasleduje az po zakone zotrvacnosti a neexistuje model myslienkového
postupu veduceho k formulacii zakona zotrvacnosti. Poznamka pod ¢iarou o Aristotelovom zakone sily nie je
previazana na analyzu posobenia aktivnych a brzdnych sil na pohybujuce sa teleso.

3. O brzdnych silach sa Ziaci u¢ia na ZS, na strednej skole sa na ne zabuda.

4. Analyza pohybov telies pod vplyvom sil uvadzajicich do pohybu a sil brzdnych chyba.
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5. Zékon skladania sil je prezentovany dostatocne.

6. Hypotézy o priamej umernosti a ~ F a nepriamej imernosti a ~ 1/m su formulované pomocou hybnosti, chybajt
rozbory roznych zrychleni v r6znych konkrétnych situaciach.

7. Na zmenu pohybu v smere posobiacej sily je v ucebniciach nedostatok obrazkov.

8. Odvodenie II. Newtonovho zakona je formalne, pretoze nevychadza z praktickych skisenosti Studenta, neanaly-
zuje ich, nezovseobeciuje a nekonfrontuje s realitou. Vychadza z experimentov, ktoré st mechanicky zovseo-
becnované. Treba poznamenat’, Ze v historickom vyvoji bola hypotéza II. NZ formulovana ako ddosledok mys-
lienkovych tivah a az potom teoreticky a experimentalne overovana.

Vyssie uvedené fakty mozu vysvetlit', preco je newtonovska troven pojmu ,,sila® tak nizka aj u Studentov gymnézia.
Mozu vysvetlit’ pretrvavanie aristotelovskej irovne, nevysvetl'uje to vsak jej narastanie. Mozno iba hypoteticky kon-
Statovat’, ze Skolsky vyucovaci proces podporuje povrchné empirické zovSeobecnovanie pozorovanych faktov, pri-
c¢om nedostatocnt pozornost’ venuje tym myslienkovym postupom, ktoré st typické pre newtonovsku fyziku i pre
klasicku fyziku vobec [16].

3. Pojmové miskoncepcie (conceptual misconceptions) — vznikajuce
nepresnym definovanim fyzikalnych pojmov a terminov

Pri pisani sprievodcov stredoskolskou fyzikou [17, 19] sa autor stretol s r6znymi nepresnymi alebo neuplnymi
udajmi a definiciami v ucebniciach, na internete, v prehl'adoch uciva a vo fyzikalnych tabulkach, ktoré nasledne
vytvaraju miskoncepcie v mysleni Studentov. Uvedené st niektoré z nich:

1. Rok — Vo fyzike sa okrem kalendarneho roka rozlisuju aj iné fyzikalne definicie roka, napr. rok juliansky
(365,25 dni, den d = 86 400 sekund), ktory sa pouziva pre udavanie dlhych ¢asovych obdobi v astrondmii, napr.
pre obezné doby planét; rok tropicky = 365 dni, 5 hodin, 48 minut, 45,7 sekundy, ktory sa pouziva v definicii
dizkovej jednotky svetelny rok — vzdialenost, ktorti prejde svetlo za tropicky rok. Miskoncepciou je hojne rozsi-
rena predstava, ze ,,rok je 365 dni* (resp. prestupny rok 366 dni). Potom vznikaji problémy pri pocitani prikla-
dov, ked’ Studenti dosadzuju udaje z roznych zdrojov a vyjdia im odli$né vysledky, pretoze nevedia, v akych jed-
notkach pocitaji. Tato miskoncepcia sa da jednoducho prekonat’ tym, ze Studentom zadame ulohu, preco su
napr. udaje o obeznych dobéch planét v roznych informaénych zdrojoch rdzne. Sami pridu na to, ze v niektorych
(povrchnych) uéebniciach sa rok = 365 dni a v inych — presnejsich — je to juliansky rok. Nemusia si to pamétat’,
staci, ak vedia, Ze vo fyzike rok nie je vzdy 365 dni a vedia si presné udaje v pripade potreby najst.

2. Podobna situacia je pri fyzikalnej jednotke AU, ktora sa nerovna vzdialenosti Zeme od Slnka, ako sa to bezne
traduje. Ak Studentovi poskytneme informaciu o meniacej sa vzdialenosti Zeme od Slnka v priebehu roka
a zamysli sa nad tym, uvedomi si, ze definicia jednotky AU (ako konstantného ¢isla) nemoze byt’ zalozena na
meniacej sa vzdialenosti, ale nanajvys o jej strednej hodnote. Aby to bolo presné, ide o ¢islo rovné velkosti vel-
kej polosi eliptickej drahy Zeme okolo Slnka [19]. Tato téma je sicasne vhodnym nametom na sprostredkovanie
postupov, ako su vo fyzike postulované a definované jednotky.

3. Zaujimavym problémom je termin ,,svietivost™ hviezdy definovany v ucebnici fyziky pre 4. rocnik gymnazia
[11] ako energia vyslana z povrchu hviezdy do priestoru za jednotku ¢asu. Evidentne ide o ziarivy vykon hviez-
dy, teda o termin ,,Juminosity*, vo vyzname ,,ziarivost™* hviezdy a nie vo vyzname ,,svietivost™ hviezdy ¢i sve-
telného zdroja, o je fotometricka veli¢ina. Miskoncepcia v mysli Studentov sa vytvara tym, ze nerozliSuju ziari-
vost’ svetelného zdroja meranu vo wattoch od jeho svietivosti meranej v kandelach. Obvykle si neuvedomuju ani
fakt, Ze to, ¢o svetelny zdroj vyZzaruje, sa podstatne lisi od toho, ¢o vidime. Lahko ich z tohto omylu vyvedieme,
ak im ukazeme teleso vyzarujuce infracervené svetlo, ktoré uvidia az pristrojom na no¢né videnie. Nasledné vy-
svetlenie merania vzdialenosti hviezd v kapitole o svietivosti hviezd v spominanej ucebnici je potom pre Studen-
tov nepochopitel'né. Je navySe prili$ stru¢né a netiplné, pretoze pre pochopenie celej problematiky musia Studenti
poznat’ aj pojmy hviezdna velkost,, absolitna a bolometrickd magnitada a d’alSie, ako aj principy merania vzdia-
lenosti hviezd aspoit pomocou cefeid, resp. supernov typu Ia [19], ¢o je uz rozsirujuce uéivo — pre Studentov so
zaujmom o tato problematiku.

4. Miskoncepcia méze vzniknut’ v suvislosti s terminom ,,€inny vykon striedavého priadu®. V ucebniciach pre
stredné Skoly sa obvykle uvadza, ze ¢inny vykon je tym vacsi, ¢im mensi je fazovy rozdiel ¢, pricom najvacsi je
pre ¢ = 0. Neuvadza sa vSak, ze tato zavislost’ plati pre sériovy RLC obvod. Napr. paralelny RLC obvod pouzi-
vany na ladenie stanic v radioprijimaci (R, L paralelne s C) sa pre zanedbatel'ne maly odpor R chova inak; jeho
vykon je najmensi pre ¢ = 0. Student sa obvykle nezamysl'a nad tym, pre aké obvody plati zvislost’ medzi G&in-
nikom cos ¢ a ¢innym vykonom. Chépe ju ako univerzalnu — ¢o mozno oznacit’ za miskoncepciu. Tento nazor
mdze Student prekonat’ pomocou analyzy paralelného RL obvodu pripojeného k vonkajSiemu generatoru strieda-
vého napitia (model ladiaceho obvodu pre R — 0). PouZije sa vzorec P = U’cosp/Z odvodeny zo vztahu pre &in-
ny vykon P = Ulcosg dosadenim vzt'ahu pre impedanciu / = U/Z , kde Z = wL/(1 — »’LC). Ak §tudent vie, Ze
¢ =0 pre o> = 1/LC, uvedomi si, Ze pre 9 — 0 sa > — 1/LC, teda Z — o0 a preto P — 0. Potom si uvedomi aj
fakt, ze zavislost’ ¢inného vykonu od fazového rozdielu deklarovand v ucebnici nemusi byt’ univerzalna.
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4. Ucebnicové miskoncepcie (textbook misconceptions)

Zaradenie u¢iva o atome do 6. resp. 7. ro¢nika zakladnej $koly v SR resp. v CR vedie k miskoncepcii — nespravnej
predstave o atome, ktory si ziaci predstavujil podl’a planetarneho modelu, kde elektron obieha okolo jadra. Ucebnice
gymnazia sice hovoria o kvantovo-mechanickom modeli atému, avSak iba ceskd [15] hovori o hustote
pravdepodobnosti vyskytu elektronu a dokumentuje to pomocou obrazkov orbitdlov. Slovenska [11] pouziva
nevhodnu formulaciu ,,Ked’ sa elektrony mézu pohybovat’ vo vnutri atomu,...“ a vobec sa nezaoberd predstavami
o pravdepodobnosti vyskytu elektronu v atdomovom obale. Nedostatocna az nulovd pozornost venovana
v ucebniciach problematike vyvoja modelov atomu od Thomsonovho, cez Rutherfordov a Bohrov az
k Schrodingerovmu ako aj pravdepodobnosti vyskytu elektronu v atdme vedie k tomu, Ze miskoncepcia — predstava
o planetarnom modeli atomu u Studentov pretrvava. V zahraniénych ucebniciach U.S.A., Velkej Britanie a Nemecka
je takto podrobne pojaté ucivo o atdbme zaradené o dva az tri roky neskorSie a prezentované vhodnymi nazornymi
obrazkami. RieSenie ukazuje aj sprievodca stredoskolskou fyzikou [17, 19], kde st jednotlivé modely atomu detailne
popisané, ich prednosti a nedostatky su diskutované, pricom cely proces Ciastocne kopiruje historicky vyvoj
poznania o atdbme. Kvantovo-mechanicky model atom je zobrazeny pomocou grafu radialnej hustoty
pravdepodobnosti, bodovych grafov a orbitdlov tak, aby Studenti ziskali jasnu predstavu o vyskyte elektronu
v atome.

Inou ucebnicovou miskoncepciou je tautologické ,,odvodenie® stavovej rovnice idedlneho plynu v slovenskych
a ¢eskych ucebniciach fyziky pre gymndzium [2, 3] na str. 79 resp. 68. Toto odvodzovanie sa odvolava na vztahy
(3.3) a (3.2) pre strednu kvadraticka rychlost’ molekul na str. 73 resp. 63, kde sa piSe ,,z teoretickych uvah vyplyva,
ze stredna kineticka energia (kvadraticka rychlost’) molekul zavisi od termodynamickej teploty plynu T*, pricom nie
je zrejmé, o aké uvahy ide. Prave vztah medzi strednou kvadratickou rychlostou molektl a termodynamickou
teplotou bol v klasickej fyzike odvodeny [17, 19, str. 80] porovnanim stavovej rovnice (odvodenej fenomenolo-
gicky) a zakladnej rovnice kinetickej teorie plynov. Preto tento vzt'ah nie je mozné v tomto zmysle pouzit’ pre
»odvodenie® stavovej rovnice.
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Abstract

The aim of this article is to: 1. define financial literacy and illiteracy (for the purpose of this article), 2.characterize
the ways how financial literacy and/or illiteracy could be measured, 3. discuss which person or organisation
(individual persons and/or states) is responsible for upgrading financial literacy and/or reducing financial
illiteracy. The problem discussed is of great importance for every person and for all states.

Financial literacy/illiteracy will be understood as a part of economic literacy/illiteracy.

Economic literacy (financial literacy included) is one of pre-conditions of economic welfare and of economic
growth and progress of every country. It is considered to be a vital component of citizenship education. Therefore,
economic (financial) literacy is an indispensable component of the school curriculum.
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I ntroduction — Curricular Process

Comparison carried out in the 1. volume of monograph ,,Educational and Didactic Communication, Vol.l —
Theory* (see (8)) has enabled, gradually, to join together the results of transformations T1 to TS with the selected
variant forms of curriculum as follows:

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

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

¢) The result of transformation T3 (instruction project of relevant scientific branch, 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 relevant scientific branch 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 relevant
scientific branch schooling) may be expressed by variant form “attained curriculum”

Among the conclusions of the 1. volume of monograph ,,Educational and Didactic Communication, Vol.l —
Theory* the implementation of concept “curricular process of relevant scientific branch” 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 relevant scientific branch as another denomination of didactic
communication of relevant scientific branch could enable to explore the curricular processes, for example,
economics, mathematics, chemistry, biology as school subjects.

The selected problems of financial literacy, from the point of curricular process of economics, can be investigated
as a part of intended curriculum and implemented curriculum-2.

1. Introductory notes

The problem of economic and financial literacy is a common problem of all postcommunist countries with an
economy in transition. Czech Republic — as one of the states of this category - has successfully undergone the
process of economic transformation from ,,planned* economy to market economy.

The way from a ,,planned“economy to a market economy is not an easy one. A ,real“market has to be created,
endowed with all necessary qualities. At the beginning of this process, market categories had to be introduced and
people had to learn how to use them.In Czech Republic, a completely new terminology — adequately reflecting the
»real“market economy - had to be created and applied. This process was lasting for a couple of years until the
greatest terminological difficulties — as far as economic terminology is considered - were surmounted. Up to now,
there are still some lags in the Czech financial terminology which is more complex than economic terminology in
general.

Unfortunately, the process of economic transition was not duly reflected in school curriculum. Mostly it was
reflected in a formal way, if at all. At the Czech primary school level, no special economic/financial curriculi still
exist. At the secondary school level, a few economic curriculi exist, however, with a very narrow scope. At the
universitary level, practically all types of schools introduced specific economic curriculi of a limited extent.
Economic universities and faculties specialized in finance are the only schools which offer economic and financial
curriculi in an extent corresponding to the real level of the Czech market economy and to the real needs of
business practice. I suppose to be able to address this problem in a separate article.
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2. Financial literacy/illiteracy: a quest for an acceptable definition,
itsresults and consequences

In academic literature, financial literacy/illiteracy as a notion or a category will be closely connected with
monetary economics. Noctor, Stoney and Stradling (1992) define financial literacy as “the ability to make
informed judgments and to take effective decisions regarding the use and management of money”. (1)

Cartwright (2004) reminds that this definition has been approved by the FSA in Great Britain.(2).

- What results from the above definition?

The above definition is an instrumental definition: it tries to show that financial knowledge should serve as a tool
for a practical action on the field of use and management of money.

This ability is, naturally, based on existence of some information. Without information, nobody will be able to
make any reasonable judgment and/or to take any effective decision.

More information means lower information asymmetry and higher chance to decide and act correctly and
effectively. The extent of available information depends on conditions of space and time, i.e. it differs from
country to country and is historically limited.

- What arethetheoretical causesfor financial literacy/illiteracy?

Financial illiteracy (as an opposite to financial literacy) - to follow the above reasoning — is an inability of making
informed judgments and to take effective decisions regarding the use and management of money, caused by lack
of information. In theory, such situation is called “information asymmetry”. In the world of finance, this is a well-
known — much-feared and dangerous — phenomenon. Theoretical explanations of its origin, types and forms etc.
are manifold.

In principle, there are different possibilities (and several combinations) of what has to be taken in consideration
when talking about information and assymetric information:

(a) information is available — it simply exists;

(b) information is not available — in the sense of its non-existence;

(c) information is accessible — it can be found out and used;

(d) information is not accessible — it is hidden or secret;

(e) information is unavailable — it is of a low quality and, therefore, it cannot be used.

One can make a judgment and decide, if condition (a) + (¢) is fulfilled. All other combinations prevent from
making any judgment and taking any decisions. However, even if the condition (a) + (c)has been fulfilled,
information asymmetry may exist — if somebody else has more information on a given matter than you have. In
such a case, it is a problem of degree.

In literature, different practical situations of “information asymmetry” are described to illustrate this phenomenon.
For example, Cartwright (2004) wrote: “If consumers are to be able to make informed choices, they need to have
an appropriate perspective on the financial system. They need to be aware of the different types of products on
offer, and how these relate to their needs and expectations. Where such information is not readily available, they
need to know how to find the information, for example by research or by going to a financial advisor. In addition,
consumers sometimes are to be told that a financial product may not be suitable for them because of the likelihood
of the consumers” situation changing.*(3)

To conclude: they have to acquire necessary information, i.e. they must not be completely financially illiterate.

- What arethe consequences of financial illiteracy?

From the point of view of financial services consumption (or: the side of demand), information asymmetry is
a “natural enemy” to every consumer of financial services. In other words: financial illiteracy is an “enemy” to
every consumer of financial services. An unsatisfactory degree of financial literacy and/or financial illiteracy
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deprives the consumers of the possibility to satisfy their demand for different financial services in an optimal way.
If they suffer from lack of information, it is highly probable that they are unable to spend their financial means in
a rational way. And more than that: with a lack of information (due to information asymmetry) their risk of false
decisions rises and uncertainty grows as well.

An uninformed consumer — even in an extreme case that he buys some financial service without satisfactory
knowledge how to use it — will be unable to draw on all benefits connected with the use of this particular service.

Depositors, creditors and investors who have no information or who have distorted information cannot take any
sound decision. Market participants also can misread or misinterpret information. They may start to behave in an
irrational and herd-like way.

From the point of view of financial services industry (or: the side of supply), information asymmetry on the side of
consumers of financial services is an “enemy” to financial services industry. In other words: financial illiteracy is
an “enemy” to financial services industry. Uninformed customers will hesitate to buy “unknown” financial
services. Sales of financial product will be at stake. (4)

Therefore, it is advisable to reduce financial illiteracy and to enhance financial literacy by means of a goal-
oriented financial education. The best way to do is to prepare different curriculi differentiated according to
different groups of population (age, gender, degree and sort of education, profession etc.). This point will be
discussed in the last section of this article. Up to now, the category of financial literacy/illiteracy was characterized
in a general way, without describing its content.

Partial conclusions:

1. Upgrading financial literacy equals reduction of information asymmetry, risk and uncertainty. Hence: reducing
financial illiteracy equals reduction of information asymmetry, risk and uncertainty;

2. Consumers of financial services should be interested in reducing information asymmetry, i.e. in upgrading their
financial literacy and/or reducing their financial illiteracy to be able to

optimise their consumption and to use acquired products and services in full.

3. Producers of financial services should be interested in supplying precise, timely, correct and fair information on
their financial services to consumers, i.e. they should be interested

in upgrading consumers’ financial literacy and/or reducing consumers” financial illiteracy to be able better to
satisfy the consumers’ needs a to rise the outlet of financial products and services.

3. Problems of M easur ement

Up to now, phenomenon of financial literacy and illiteracy was described and analyzed from the qualitative point
of view. However, this approach as such is inoperative. It is necessary to approach it from the quantitative point of
view.

If we have to quantify the categories “financial literacy/illiteracy”, we have to define the “contents” of these
categories, i.e. it is necessary to specify the real meaning of these words. In a money-less country, with no money
and no circulation of money, the words“financial literacy/illiteracy” would be meaningless. Nobody would
understand it.

Under conditions of monetary economics, money, monetary circulation, financial market with a specific supply
and demand for financial products and services, loans and credits, interest, interest rates, financial intermediation,
financial institutions - banks, exchanges, brokers, dealers etc. are existing as a reality which is — somehow or
other — reflected in minds of inhabitants of a country at a certain historical period. As this “real financial world” is
changing, the meaning of technical terms describing it is changing as well.

“Man in the street” knows what “money” is, he understands some of its functions, and is able to use his money for
buying goods to satisfy his needs — this is true from the very beginning of monetary economics. However, to
understand relevant implications of a paperless monetary circulation, the existence of “money” as sets of figures in
computers, obviously, is much more complex - but: the word “money” is still the same.
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To measure financial literacy/illiteracy is a question of degree: mathematically, the lowest degree of
literacy/illiteracy is equal “zero” , the highest degree is an approximation of “infinity”. However, such strictly
formal mathematical approach obviously is inoperative.

The only thing we are sure of is that “financial literacy” has to be “higher than zero”. The “zero value” would
correspond to a situation when a person would not know the meaning of the word “money”.

From the above reasoning it follows that the above mentioned “question of a degree” depends on a conventional
definition (or characteristics) of a specific set of financial products, instruments, methods, mechanisms,
organisations and institutions which inhabitants of a certain country at a certain historical period will use and —
therefore — are supposed to dispose of an adequate knowledge of all above elements.

The “adequacy” of this knowledge is related to different groups of population (ranged according to age, gender,
degree and sort of education, profession etc.). For every group a different “set” would have to be elaborated,
according to the estimated set of “needs” of financial products and services. For example, little babies” need for
money would be “zero”, day-labourers” need for a current account would be “zero” etc.

Every “set” of information defining the degree of desirable “financial literacy” for each group would have to
contain sufficient quantity of information (of a satisfactory quality) which would enable the member of the given
group to (a) make an informed judgment, (b) take a reasonable decision, and (¢) to take a decision.

The problem is to find objective criteria for setting up these “sets” which are based on “needs”. Consumption
patterns of different income categories maybe might be helpful.

Empirical research undoubtedly is needed as well. Acceptance of an assumption of a “homo oeconomicus”
(serving as a main criterion) probably is misleading. Psychological and sociological factors influencing human
behaviour certainly have to be taken into account.

In different countries and/or historical periods, they are different and they depend on the development stage of
monetary economics.

For each group of population a specific set should be fixed, and a specific “lowest standard” of financial literacy
(which corresponds to a “highest standard” of financial illiteracy) and s specific “highest standard” of financial
literacy should be defined. In practice, everybody would have to find his/hers own “optimum”.

The described information“sets” (or “baskets”) should serve as “thesauri” of desirable knowledge to be able to
prepare different specific curriculi for systematic education.

Let us give a tentative description of one of such possible “sets” for a group of adults (of both genders), i. e. aged
more than 14 years with an elementary education (suppose they can read, write and calculate the elementary
calculations), employed as a day-labourer.

The “lowest standard” of financial literacy or the “minimum”should comprise the following: 1. elementary
knowledge of currency, its different forms and denominations (i.e. to be able to recognize coins and banknotes of
lower values); 2.ability to read the prices of goods in a correct way (as a pre-condition for shopping); 3.ability to
read the prices of postage stamps, tickets for public transport, cash payments for mobile phone coupons,
event.exchange rates; 4.ability to check the amount of money given back by cashier or a ticket-clerk; 5.ability to
fill in elementary forms connected with payments ( registered letters etc.). (5)

Generally, it is more desirable to fix the “lowest standard” of financial literacy than to fix a “highest standard”.
Every specific curriculum destined for a specific category of population should contain the supposed “minimum”,
but should not “close the door” — at least, ways to further knowledge should be recommended and described.

An objective measurement of financial literacy/illiteracy is possible and meaningful, if the

above described “sets” do exist, if statistical data based on regular public inquiries (6) are collected and analyzed,
and if these “sets” are used as benchmarks.

Partial conclusions:

1. The described “information baskets” and resulting specific curriculi have to be re-defined periodically to
adequately reflect the changing economic reality.

2. It is recommended to elaborate “minimum financial literacy standards” based on specific curriculi for specific
groups of population.

3. For practical transformation of described steps special research will be needed.
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4. \Who takes care?

In democratic states, both individual citizens themselves and governments are responsible for reducing financial
illiteracy and enhancing financial literacy. Private institutions and organizations are the third important element.

In a modern democratic society, governments are vitally interested in reducing illiteracy in general (financial
illiteracy included), as any form and/or manifestation of illiteracy is a factor complicating the governance and
social and economic development and progress.

In spite of all this, financial illiteracy is still widespread. In many countries, it was proven by empirical research.
(7) It is a world-wide phenomenon.

The countries with advanced financial markets (such as the USA, Great Britain, Canada and others) dispose of
centralized systems which take care of reducing financial illiteracy. The activities on this field are manifold and
multi-level. A host of state institutions are involved in it: ministries, central banks, financial regulatory bodies,
stock exchanges and so on. It is almost impossible to enumerate all of them. The most important activities are
concentrated at school curriculi.

However, not only government, but also powerful international organisations and institutions (such as Basle Bank
for International Settlements, IMF, IOSCO, EBRD etc.) and different international and/or national professional
organisations and associations (such as World Federation of Exchanges, national Broker-Dealers Associations
etc.) and organisations protecting consumers’ interests play a very important and growing role in financial
education.

In addition to this, there are a lot of private enterprises (private school, publishing houses, advisory firms etc.)
which contribute to financial education of individuals. It is not necessary to mention the growing role of mediae
(financial press, television, Internet) in reducing financial illiteracy in most countries.

However, there are certain common problems which can devaluate these valuable efforts: firstly, in many
countries, activities aiming at reduction of financial illiteracy are not always sufficiently co-ordinated (which may
cause a waste of financial means disposable for financial education); secondly, the quality of financial information
may lag behind the growing requirements of transparency.

Partial conclusions:

1. In the next future, the efforts of different organisations and institutions interested in reducing financial illiteracy
ought to be more coordinated at national and international level as well.

2. The process of coordination — the leader of which probably will be some state authority, organisations or
institution - should not undermine or restrict any iniciative actions of private entities involved in efforts aiming at
the enhancement of financial literacy.

5. A few final remarks

Let me conclude with a few remarks on the topic of financial literacy/illiteracy. I am fully aware of the fact that
this topic is a permanent issue — and this is the reason why more financial means should be spent on it. However, it
is also a question of priorities. Obviously, everything cannot be done immediately. In many countries, much has
been achieved and much is being done in practice. This is very good, but in my opinion there is still some deficit
in research. Academic research undoubtedly could be able to contribute to solve some of questions raised in this
brief article. I would be very grateful to academic colleagues for any positive or negative reaction on it.
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Abstract

This article describes basics of the theory of the curriculum. Basic structure of the transformation processes is
described. Following text represents “implemented curriculum” and application within curricular processes of
economics and mathematics. Benford’s law and its applications in the financial markets serve as a demonstration
of the lasting mathematics and economics educations. Following text is divided into two parts.

In the first part of the article, basic theory of curriculum and its variant forms are presented. Schemes of the
processes of transformation are described.

The second part of the text describes Benford’s law and one of its applications into various financial issues. Article
provides example form the stock exchange market. Basic history and description of the law is rendered. Further
text picks up example from the European Stock Exchange Market. Law is applied on the market prices and
conclusions are made in the end of the article.

1. Introduction — Curricular Process

Within the framework of theory of curriculum it is necessary to express and communicate suitably the individual
transformations between the variant forms of curriculum and it should be also performed in the area of higher
education. During learning as problem solving (see [12]) mentioned transformations of curriculum are associated
with conception of Didactic Communication which can be called in the area of higher education the conception of
Educational Communication (see [1], [2], [6], [9], [13], [14]).

The concept “ Curriculum” can be explained as “educational content” (see [10]) and the theory of curriculum,
adequate to conceptions of educational and didactic communications is issuing from the philosophy of
essentialism (see [11]).

Succession of Curriculum Transformations within educational and didactic communications can be called
“Curricular Process’

This Curricular Processis as follows from the scheme:

Transformation T1: Relevant science — System of relevant science from the point

of view of its communication (Conceptual Curriculum)

Transformation T2: Conceptual Curriculum — Educational content (Intended Curriculum)
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Transformation T3: Intended Curriculum — Instruction project and Textbook as the basic

component of the instruction project and further components (Proj ected
Curriculum)

Transformation T4: Projected Curriculum — Knowledge already achieved

(Implemented Curriculum)

Transformation T5: Implemented Curriculum— Lasting component of the education and

its application (Attained Curriculum)

The Curricular Process of mathematics and economics is also associated with described succession of variant
forms of curriculum — conceptual curriculum, intended curriculum, projected curriculum, implemented
curriculum, attained curriculum.

The Benford’s law and its application to stock exchange market prices is connected with attained
curriculum, it is representing the lasting component of the mathematics education from the point of view of
logarithmic function application.

2. Benford s law

Let’s lay down question, are all data surround as real? Are they altered to somebody else’s purpose? These
questions point to possibilities of frauds, misleading tax returns, etc. Almost everybody knows causes with Enron,
WorldCom, etc. These companies altered figures in financial statements. These are some of examples in which can
Benford’s law can find its application. Another field of application is in stock market prices, interest, generally
speaking in various financial issues. Before placing real example of the proof in conditions of European stock
exchange market, history, basics of function and applications related to Benford's law will be presented.

2.1. Who isBenford?

From the beginning humans are interested in exploring. Dated from ancient period philosophers made research
how figures works, what relation is between them. Benford's law is one of these rules. We can track basics of this
law in 1881 when astronomer Simon Newcomb [16] noticed that logarithm books are on some pages beginning
with number 1 more used. Law falls into oblivion. In 1938 law was “resurrected” by american physicist Frank
Benford [17]. Formulation of the law, known today, is made by Theodore P. Hill. He formulated formula of the
Benford’s law and provided proof [18].

2.2. Ruleof the digit one

Benford's law is based on the logarithm and starts with digit one to infinity. In terms of mathematics Benford’s
law have this form:

logy(n + 1) — logy(n) and is defined, as mentioned, for 72 = {1, .-, & — 1}

It says that figures beginning with number one will appear in almost one-third from all cases. Figures beginning
with number one will have 30, 1% probability of beginning. Figures beginning with number two will have 17, 6%
high probability and etc. The following graph shows what probabilities for each digit are. Number one is
prevailing and on the other hand number nine has only small probability. For proving it is necessary to have large
enough set of data, about 1000 and more.
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Benford’s law
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3. New tool in financial issues

3.1. Applicability of Benford s law

Benford’s law can be and is applied in several fields. The most important application is in financial affairs, mostly
in preventing frauds, embezzlers, tax evaders, etc. Another applications can be found in physics, day life and
medical fields; especially statistical progressing of the data. Example picked up for this article shows only one of
its applications.

3.2. Faked or real prices?

Stocks listed on the European stock exchange market and their prices' relate to financial issues Benford’s law can
be applied and proof that prices of the listed stocks are accurate and are not target of the fraud will be presented.
For the experiment was picked 1280 samples. Because Benford’s law are defined only for numbers higher than 1,
prices beginning with zero must be logically excluded from the calculation. Sample group is high enough to
receive relatively accurate results. Results from the calculations are listed below.

Digit Expected Actual
1 248,95 269
2 145,63 164
3 103,32 97
4 80,14 79
5 65,48 77
6 55,36 49
7 47,96 40
8 42,3 25
9 37,84 27
Tablel

' All data for research were gathered from the www.euronext.con/trader.
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Application of the Benford’s law
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Graph shows two lines, one represents expectation; lower one. Second line represents actual values. At the first
glance, actual reflects expectation, so it means that prices of the European stock exchange market are not target of
fraud or altering. Somebody more interested, can point out that starting with digit five gaps between curves
expected and actual is bigger. For explanation we should not go too far. One explanation is that set of market
prices are incomplete but there were some exclusion (market prices beginning with digit zero must be excluded
because Benford's law is defined for numbers starting with digit one). The other explanation is there can be some
bubble as is not very surprising on the stock exchange or on the other financial markets but not only on these.

The first complication can be fixed by enlarging sample size. But this can be made only to some limitation,
because it is not possible to have sample of the market prices 1500 items high. The limitation represents number of
issued stocks so increasing sample size depends on the number of newly issued stock titles.

The second problem represents market bubbles, as described. The only opportunity is just to summarize that this
happened. On the other hand this can be used in forecasting of the further development; especially in investigating
certain title. Every bubble must sooner or later explode. This is not bad tool for forecasting of the development.
According to example the bubbles are in case of digit one, three and five. What can be inferred from it? Prices
beginning with number five will sooner or later transform to other digit six, seven,... and the shape of the
Benford’s law curve will return back to expectations. The best example of this is case of digit four; actual curve
reflects expected. Development of the digit four is precisely according to Benford's law.

4. Conclusion - What teach us Benford’s law?

Benford’s law describes characteristics of the numbers form number one to infinity. Its roots reach to the end of
the nineteen century but widespread application is dated to end of the 20" and in the 21* century. Prevailing
application is on the field of finance, as example demonstrates. Example represents one of many applications.
Proof was performed on the market prices on the European Stock Exchange Market. Development of the prices is
almost in harmony and according with Benford’s law but some exceptions are revealed. In some digits anomalies
occurred. Two explanations were presented with focus on limitation conditions and further benefits. Benford’s
law, almost neglected law, has a wide application. Nowadays, it finds its role mostly in the financial issues like
preventing frauds, etc. It is powerful tool for auditors, tax officers and others. In the future we will hear more and
more about it, I guess.
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Abstract

This article deals with the basics of the theory of curriculum. Basic structures are described. Example presented
in the further text represents conceptual curriculum and its application of the statistics education. Lasting
education (attained curriculum) is demonstrated on the Theory of the Big Numbers and its application into
lottery system. Article is divided into two bigger parts.

In the first part, theory of curriculum and its various forms are rendered. Transformation processes within theory
of curriculum are presented.

Second part, attained curriculum and one of its applications are demonstrated. Theory of the Big Numbers and its
application into lottery system serves as a demonstrative example. Basics of the theory, adjustments in the
distribution, description of the lottery system in the Czech Republic and results from the statistical processing of
the data are presented. In the end of the text conclusions are made.

CONTENT
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3.2 Can be chances improved?

3.3 Statistical processing

4. Conclusion - Not this time
References

1. Introduction — Curricular Process

Within the framework of theory of curriculum it is necessary to express and communicate suitably the individual
transformations between the variant forms of curriculum and it should be also performed in the area of higher
education. During learning as problem solving (see [12]) mentioned transformations of curriculum are associated
with conception of Didactic Communication which can be called in the area of higher education the conception
of Educational Communication (see [1], [2], [6], [9], [13], [14]).
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The concept “Curriculum” can be explained as “educational content” (see [10]) and the theory of
curriculum, adequate to conceptions of educational and didactic communications is issuing from the philosophy
of essentialism (see [11]).

Succession of Curriculum Transformations within educational and didactic communications can be called
“Curricular Process”

This Curricular Process is as follows from the scheme:

Transformation T1: Relevant science — System of relevant science from the point
of view of its communication (Conceptual Curriculum)

Transformation T2: Conceptual Curriculum — Educational content (Intended
Curriculum)

Transformation T3: Intended Curriculum — Instruction project and Textbook as the basic
component of the instruction project and further components (Projected
Curriculum)

Transformation T4: Projected Curriculum — Knowledge already achieved
(Implemented Curriculum)

Transformation TS: Implemented Curriculum— Lasting component of the education and
its application (Attained Curriculum)

The Curricular Process of statistics is also associated with described succession of variant forms of curriculum —
conceptual curriculum, intended curriculum, projected curriculum, implemented curriculum, attained curriculum.

Conceptual curriculum of the statistical processing of the data can be described by following schemes (see [3])
and by model of order of four analytical-synthetic structures of statistics as a whole (see Fig.1)

al Ll el Formulation of statistical examination
Relative & cumulative frequencies }  Empirical distribution

a-2 —»l e-2 . . . .
Plotting functions: e.g. Plot Frequency Polygon }  Graphical expression
Average-Means, Variance-Standard deviation, }  Empirical parameters
Obliqueness, Pointedness }  Empirical parameters

3 3 Theoretical distribution (partial survey in alphabetical order):
a3 P e Bernoulli, Beta, Binomial, Chi-square, Discrete Uniform, Erlang, Exponential, F,

Gamma, Geometric, Lognormal, Negative Binomial, Normal, Poisson, Student’s,
Triangular, Uniform, Weibull

Testing of nonparametric hypotheses (Hypothesis test for Hy - receive or reject Hy):
e.g. computed Wilcoxon’s test, Kolmogorov-Smirnov test, Chi-square test
e.g. at alpha = 0,05

Point & interval estimation:

e.g. confidence interval for Mean, confidence interval for Standard Deviation
Testing of parametric hypotheses (Hypothesis test for Hy - receive or reject Hy):
e.g. computed u-statistic, t-statistic, F-statistic, Chi-square statistic, Cochran’s test,
Bartlett’s test, Hartley’s test

e.g. at alpha = 0,05

a-4 || e4 | Statistical dependence:
e.g. confidence interval for difference in Means (Equal variances, Unequal variances)

e.g. confidence interval for Ratio of variances
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Collective random phenomenon and reason of its investigation a-1
y v v
Statistical unit Statistical sign of Variants (values) of Choice of statistical
statistical sign statistical units units
A4 v \ 4 \ 4
Selective statistical set (SSS) as a part of basic statistical set
Goals of statistical examination e-1=a-2
Creating of scale Frequencies tables Graphical Empirical
Measurement (Empirical distribution) expression parameters
v A 4 v v
Empirical picture of selective statistical set
Necessity of probable investigation e-2=a-3
v A4 \ 4
Choice of acceptable Quantification of theoretical Comparison of theoretical and
theoretical distribution parameters empirical parameters
\ 4
Testing of nonparametric Point & interval estimation Testing of parametric hypotheses
hypotheses (e.g. confidence interval)
v \4 v
Empirical & probable picture of selective statistical set
Necessity of association investigation e-3=a4
\ 4 v A4
Statistical dependence Regression analysis Correlation analysis

(causal, non-causal)

A 4 A 4 A 4

Empirical & probable & association picture of selective statistical set
Interpretation and conclusions as the statistical & probable dimension
of investigated collective random phenomenon e-4

A 4

Applied statistics a-5

Fig.1 Model of order of four analytical-synthetic structures of statistics as a whole

The Theory of the Big Numbers and its application to lottery systems is connected with attained
curriculum, it is representing the lasting component of the statistics education from the point of view of the
theory of the probability and its application.

117



Educational and Didactic Communication 2007, Vol. 3, Applications — Economics Education — Theory of the Big Numbers

2. Theory of the Big Numbers

Can you imagine winning in the lotto? Is there some ways how to improve chances? These questions are laid
down by many people who want to win. Statistics and mathematics as a science has some theories which
describe characteristics of the numbers. Lotto itself is based on the Theory of the Big Numbers. This article will
deal with; basic principles of the theory, theories related to it and proof of validity will be presented.

2.1. Theory and history

Theory of the Big Numbers is described by several formulas, Bernoulli’s equation and Ceby3ev’s equation; this
will be not included in the text. In short, Theory of Big Numbers says, with rising number of the independent
random sampling tendency to its middle value is increasing. For mathematical expression, is best to use limits,
see formula below.

T}i_l}ﬁlﬂP(|:i:ﬂ—p| <e)=1

Bernoulli’s equation comes out from basic formulation and says that the real probability is approaching to its
theoretical probability. Bernoulli’s equation can be described by limit formula as well, see below. In this
formula, X;, can be inferred to middle value after adding X,/n.

lim P(|X,—p| <&) =1

n—+2C

2.2. Normal vs. equal distribution

Generally, lottery systems, especially lotto, it is necessary to make adjustments to the common used distribution
of the probabilities. The most common distribution is Gauss distribution described by gauss’s curve, see graph
below. For lotto system, it is more appropriate to use equal distribution. Why is it?

In all these systems, all figures have same probability of choosing in random sampling; there is no peak like in
Gauss distribution. If does it not work, it will be very easy to calculate, according to little research, which
numbers have bigger probability and than make bet on it. This will be fast track to win. In statistics and
mathematics, it works not so simply. For example, balls in lotto have same size, weight, shape, etc. So the initial
conditions are the same and there is no reason why the sampling should be altered or faked. On the other hand,
equal distribution is characterized by horizontal line, and has little different formulas, see below, for more
information see various literatures (see [16], [17], [18]).

Gauss’s distribution Equal distribution
Fx) A
A
F(x)
1/b-a
u X
a b X

Fig.2 Gauss’s distribution, Equal distribution
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Equal distribution is defined in interval -co<a<b<co.

Let’s see some example, but first it is in the place to add some point to Theory of Big Numbers. Validity of it is
approved in long period, years, decades, etc. But is it also valid in the short periods? Essential is to define what
are short periods. As a short time periods; days, months, weeks, year etc., can be considered.

3. Application to lottery systems

3.1. Lotto in the Czech Republic

Example, mentioned above and in the introduction, comes from very common dream of all people in the Czech
Republic, but not only there. It is winning in Sportka. Sportka is one type of the lottery games. Basic rule for
winning is to guess six from seven numbers withdrawn from “jar”. Sportka is based on the random withdrawing
of the numbers. What more, in each day two sets of numbers are picked up. The opportunity to win is twice in a
week; Wednesday and Sunday plus in each day twice because of two sets of numbers.

3.2. Can be chances improved?

It is hard to say directly if yes or not. Look at the next example. Proof of functioning is made for Sundays. Data'
are from the period 1977 — 2002 of the Sunday’s withdrawnness. Two yearly samples were chosen by random
sampling without repetition. One sample is from first set of numbers and second one is from the second set. The
aim is to prove whether theory is valid or not. Correlation between sample’s groups will be also tested. In the
next text results from statistical processing will be shown.

3.3. Statistical processing

Statistical processing consists of two main stages; exact steps are described by picture 1. First stage is empirical
research. Second one is mathematical modeling or mathematical statistics. Each stage has its distribution;
empirical has empirical and mathematical has theoretical distribution. In the first stage, basic data are calculated;
arithmetic mean variance and standard derivation, in other words middle value and risk, detailed data are listed
below.

Empirical statistics (empirical testing)
Sunday 1979 Sunday 2000
Aritmetic mean 24.673 26.16
Variance 213.47 202.49
0 14.61 14.23
Table 1

Statistical processing is a complex, as shown in the picture 1, and it’s necessary to calculate theses data to
advance into next steps, to mathematical statistics. In the second stage, as described, we approach to
mathematical statistics which includes testing several hypothesis and performing trend analysis and correlation
analysis. Books distinguish this stage into several phases, non-parametrical testing and parametrical testing.
Trend and correlation analysis follow after parametrical testing. The basic message of non-parametrical testing is
to lay down hypothesis, if the distribution corresponds with expectations. Generally there are two hypotheses Ho
and Ha. First one says it corresponds and the second says opposite. Parametrical testing deals with if the
numbers are from the same source. Again two hypotheses are laid down, Ho and Ha. They have the same
interpretation like in non-parametrical testing. Final phase is trend and correlation analysis. This has essential
influence not only in case of testing of the Theory of Big Numbers. Its application is also in real economic life,
such as planning processes and computing of the development of the various economics indicators. Now back to
the Theory of Big Numbers. Table and chart below shows results from all there phases of mathematical testing.
Before beginning with testing, it is necessary to set level of dependence. In this case a equals to 0.05.

" All data are used for purpose of this article are from the company’s pages http://www.sazka.cz/hry-a-
loterie/sportka/vysledky/aktualni-losovani.php. This section is accessible to all.
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Mathematical statistics (theoretical testing)
Sunday 1979 | Sunday 2000
Ho: p(x)=1 Hypothesis Ho is excepted
Ha: p(x)#1
E(X) - aritmetic mean 25
D(X) - variance 192
Ho: pi =, Hypothesis Ho is excepted
Ha: p,#p,
0 24.673
193 26.16
Uexp -1.39
u 1.645
W (-o0,-u) (-0,-1.645>
Curve y=0.21x + 0.28 y=0.228x + 0.23
Correlation 0 0

Table 2

In the non-parametrical testing hypothesis Ho is accepted. The reason is that product equals to number one,
formulas for equal distribution and out coming explanation are listed in appropriate literature. Parametrical
testing was performed with usage of two-stage gauss’s test known as u-test. The result is acceptance of the Ho,
because u.y, is not a member of set of the critical numbers W. What remains is trend and correlation analysis.
According to equal distribution, result’s curve should be horizontal curve. Is it really so? Not at all. Curves have
form of line but not horizontal. These lines are slightly increasing, see graph below. What about correlation?
Unfortunately, correlation was not proved. Each set of numbers is unique.

Trend analysis for Sunday’s withdrawnness

12

10 A

0 LIS N O S B B B B B B B ) B B B B |

1 3 5 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49

—1979 = ™= 2000

Fig. 1

But what is interesting is the development of the curves. Curve for year 1979 shows considerate increasing trend.
According to it, it can be inferred that higher figures have bigger chance for withdrawing. In year 2000, trend is
not so dramatic and curve becoming more flat. Still higher figures have higher chance. Why is it possible? The
main reason is that set of the numbers is not big enough like in year 2000. The question is why there are certain

120



Educational and Didactic Communication 2007, Vol. 3, Applications — Economics Education — Theory of the Big Numbers

figures which have bigger chances of withdrawing? Let’s see one more graph which shows frequencies for each
figure withdrawn in year 1997 — 2002 including.

Total number of withdrawn figures
fromyear 1977 - 2002
230

220 |

210 | I )
200 |
190 -
180 - i 1
170 - a
160 - l
29 H I 9

1 3 5 7 9 11 13 15 17 19 24 23 5 2/

a#
%‘—_l_,

| Frst set [ Second set ‘

Fig. 1

At the fist glance, it is certain that some figures really show higher probability of withdrawing. So the question is
if exists some tool which can be used for improving chances of winning in lottery. Probably not. With increasing
sets of numbers curve is being more and more flat, as shows trend analysis of year 2000. If we will take set of
numbers, for example from hundred years, we can assume that curve will be flat and correspond with equal
distribution.

4. Conclusion - Not this time

Theory of the Big Numbers is fascinating. Lottery systems around the world are based on it, but not only lottery
systems. One example from the environment of the Czech Republic was presented. Results show that lottery
system in the Czech Republic is really based on the equal distribution. With rising set of numbers, results are
more and more approaching to it. It was proved that there is no correlation between years which unfortunately
can not improve chances of winning in Sportka. For the more accurate conclusions, much bigger set of numbers
is needed. But what is essential is that Theory of Big numbers is valid in short period; year period. There are still
some questions which need to be answered about Theory of the Big Numbers and more research can be done.
Hopefully, somebody may find a tool which can improve chance of winning or not?
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Abstract

Prosocial behaviour, in relation to altruism and empathy, constitutes undoubtedly one of the main preconditions
for performance within helping profession. The term “prosocial behaviour” is narrower than the general term
“helping”. Prosocial behaviour stands for such behaviour, the aim of which consists in improvement of situation of
another person. The helper is not obliged to provide help on the base of his profession, and the help recipient is not
an institution or organization but an individual.

The readiness to engage in prosocial activities in longer perspective finds its expression in volunteerism.
Volunteerism constitutes the basic building element of civic society, it helps preserving and strengthening such
human values as sociability, interest in others and service to others.

The problem of prosocial behaviour in volunteers is investigated in the light of curriculum process of psychology.
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Introduction — Classification of Solved Problem in the Light of
Curricular Process

Comparison carried out in the 1. volume of monograph ,,Educational and Didactic Communication, Vol.1 —
Theory* (see (8)) 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 psychology in the light of its communicability) may be
expressed by variant form “conceptual curriculum”

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

¢) The result of transformation T3 (instruction project of psychology, 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 psychology 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
psychology schooling) may be expressed by variant form “attained curriculum”

Among the conclusions of the 1. volume of monograph ,,Educational and Didactic Communication, Vol.1 —
Theory* the implementation of concept “curricular process of psychology* 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 psychology as another denomination of didactic communication of psychology enable to
explore the curricular processes, for example, economics, mathematics, chemistry, biology as school subjects.

The investigated problem of prosocial behaviour in volunteers, from the point of curricular process ofpsychology,
can be examined as a part of transformationT1 between scientific system of psychology and conceptual curriculum
of psychology.

Introduction — Delimitation of | nvestigated Problem

Prosocial behaviour, in relation to altruism and empathy, constitutes undoubtedly one of the main preconditions
for performance within helping profession. The term “prosocial behaviour” is narrower than the general term
“helping”. Prosocial behaviour stands for such behaviour, the aim of which consists in improvement of situation of
another person. The helper is not obliged to provide help on the base of his profession, and the help recipient is not
an institution or organization but an individual. Altruism specifies help even more, the helper’s action is motivated
first of all by empathy. (Bierhoff, 2006 p.332.)

Current social psychology distinguishes three types of helping:
1. Intervention in urgent situation, e.g. helping to a victim of violence or accident.
2. Organizational helping, e.g. offering help at the boss' demand within a working organization.

3. Sharing of gift resources, e.g. donation of money for charity purposes.

The readiness to engage in prosocial activities in longer perspective finds its expression in volunteerism.
Volunteerism constitutes the basic building element of civic society, it helps preserving and strengthening such
human values as sociability, interest in others and service to others. One of civic virtues, charity, as help to
socially weak individuals is considered a significant part. Volunteerism is implemented in two forms:

a) Voluntary civic assistance, oriented predominantly on broader family and neighbours, in form of reciprocal
services, but also help to other persons in a community (daily centre for seniors etc.).

b) Mutually beneficial volunteerism — takes place within the community, e.g. in a sports club or amateur gardener
association established in the community.
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The borders between the two above mentioned types of volunteerism are not accurate, voluntary help often
penetrates both forms. It is based on the readiness of the volunteer offering his time and energy for the benefit of
others, without expecting secondary advantages or profit.

Volunteerism has been regulated by Act 198/2002 Coll. of volunteer service since 2002. It defines volunteer
activity as follows:

help to unemployed, socially weak persons, handicapped persons, seniors, members of national minorities,
immigrants, persons after sentence of confinement, drug addicted persons, persons suffering from domestic
violence, as well as help with care for children, youth and families in their leisure time,

help at natural, ecological or humanitarian disasters, at protection and improvement of environment, at care for
preservation of cultural heritage, at organizing cultural or fund-raising charity actions for persons stated under
letter a), or

help at implementing development programs and within operations, projects and programs of international
organizations and institutions, including international non-governmental organizations.

Volunteer activity is mostly organized by volunteer centres and non-governmental non-profit organizations, so
that the help recipient can completely rely on it in the agreed scope, time and place. The best known non-profit
organizations in the Czech Republic are the Vybor dobré viile - Nadace Olgy Havlové (Committee of Good Will —
Olga Havlova Foundation), Cesky Cerveny kiiz (Czech Red Cross), Fond ohrozenych déti (Fund of endangered
children), Nadace ¢lovek v tisni (Foundation human in strait). Further, they include civic associations including
societies and clubs, purpose facilities of churches, e.g. Charity of the Czech Republic, and quasi-public societies.

Motives of volunteer activity

For most individuals, volunteer activity has its importance particularly in the fact that they can self-fulfil in it,
strengthening their own self-confidence. E.g. when long-term unemployed started to engage in volunteerism, they
felt useful for others and regained the desire to seek new possibilities of self-fulfilment. Feelings of hopelessness,
guilt and reduced self-value as accompanying experiences of unemployment arranged themselves.

Obtaining new experience, contacts, but also friends is motivating. Volunteerism develops abilities, new skills
necessary for helping. Last but not least, voluntary activity is a meaningful fulfilment of leisure time; the achieved
feeling of usefulness has motivating strength, e.g. in women in pension age with grown-up children.

The motives of individual volunteers are not necessarily unambiguously positive and they do not necessarily
prefer the benefit of others. The negative ones include e.g.: rise of feeling of own importance, deficit of self-
respect together with the wish to meet even more miserable people, domineeringness, effort to dominate and
control others. Helping behaviour can also serve to steady the disturbed mental balance in consequence of an
unsolved or unsolvable personal problem. In this connection, the “syndrome of helper" (Matousek et al. 2003)
should be mentioned, which is based on a specific narcissistic disturbance. The volunteer solves, mostly
unknowingly, his early traumas of refused child, unsatisfied desire for recognition, gratefulness and admiration
through helping.

In all these cases, helping covers the actual motivation. If the undesirable motive is strong, it can damage both the
client and the interpersonal relationships in the volunteer team.

Regulating influence of social standards

The source of prosocial behaviour and altruism in any given situation can consist of cultural standards, which
become conviction and moral principle through interiorization in the process of socialization and enter into
individual decision making about the way of action. (Vyrost, Slaménik, 1997, 1998)

Social standards are culturally conditioned because they constitute a part of the social system of the society. They
represent regulators determining which type of behaviour is correct in any given situation. they determine how the
specific activity is to be performed, which variants of behaviour are acceptable and which are unacceptable and
under which conditions this or that can be done.

The knowledge of influence of social standards on individual decision making was included into the well-known
altruism model by the world-famous psychologist Shalom H. Schwartz with his collaborators (Schwartz, 1977,
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Schwartz, Howard, 1981). He understands altruism as “motivated by personal (contrary to social) standards based
on own internalized values and supported by self-reward and self-punishment .

Common characteristic to all standards is the fact that they serve to preserve the society, the member of which is
the respective individual, and that they provide for interests of all members in certain proportions. Generally
binding standards include those prohibiting activities leading to damage other people and on the contrary ordering
activities leading to benefit and protection of interests of the other, his defence and development. They include: a)
standard of social solidarity and b) standard of social responsibility.

Ad a) All human cultures evaluate positively helping to others. The standard of solidarity is universally valid,
although it can be restricted by certain regulatives, e.g. by caste differentiation, in different societies. The general
principle to help those who have helped us (Staub 1978) acts regardless of whether the good is a gift, service or
help in oppressive situation. The standard of solidarity can be implemented also by awarding regard and social
statute to the "help donator" in form of honour, public acknowledgement, working promotion etc. (see e.g. Van
Vugt, et al., 2006).

Ad b) The standard of solidarity is complemented by the standard of social responsibility ordering care for the
weak, helpless who are not able to master their own situation and to repay the “good” already received. This
standard includes the order to help the weaker ones: physically, economically, psychologically children, ill,
handicapped, abandoned persons and other persons who find themselves in sudden distress. The order to help is
often a component of different moral systems. The rules of justice support altruistic exchanges by prescribing how
rare resources and goods should be distributed among the group members. It is generally recognized for example
that rich individuals in the group should contribute more to general good than the poor ones — in modern society,
this principle is enforced through the progressive tax system (Van Vugt, Van Lange, 2006).

Besides the standard of social responsibility and solidarity, the readiness to help is influenced by ideas of
fairness. In accordance with the idea of fairness, prosocial behaviour seems morally binding and adequate in
specific constellations. Each of the following ideas of fairness and of principles of distribution (Mller and
Hassebrauck, 1993) has certain implications, e.g. for the decision whether you help a person to get out of a
distress situation he has brought on himself:

according to the standard of equity, everybody can require proportionally so much as he has contributed by his
own performance (principle of contribution),

according to the standard of equality, each shall receive the equal amount, independent from the volume of his
contribution (principle of parity),

the level of need of the individual, which has been originated e.g. by current distress situation, crisis or special
circumstances can be also evaluated as the decisive criterion for allocation (principle of need).

Interpersonal relationships, which are created according to the standard of equity (exchange relations) are nearer to
helping behaviour when reciprocity (i.e. reciprocal giving and taking) is expected, thus when the help recipient can
prospectively repay the help and it can be expected that he will do it. On the contrary, prosocially motivated
relationship reflect rather the standard of equality or the principle of need. Prosocial behaviour helps here the
solidarity and cohesiveness, it follows the welfare of the other person, although no reciprocal service can be
expected (Bierhoff, 1994).

As it has been already said, the decision to help is made on the background of activated standards. The
personal standard of prosocial standards is activated by a number of personality and situation factors,
including the belief of the possibility to control events. | nterviews with persons who saved Jews from Holocaust
(Oliner and Oliner, 1988) during the World War |1 in spite of their own extreme danger show high standards of
altruistic moral ideas anchored in the families of the saviours. Besides, those persons showed high degree of
internal locus of control, i.e. the belief that they can influence the relevant life aspects by themselves and that
they are influenced less by other persons or by the fate (which corresponds to external locus of control). The
internal locus of control obviously gave the persons the courage to perform altruistic actions evaluated almost
as hopeless and extremely dangerous.

In this context, also the concept of J. Reykowski(1979) should be mentioned, which distinguishes ego-centric and
alo-centric motivation, where the "category of own good" includes not only the own physical organism, but also
other people, the more of them, the more similar and nearer they are — according to the degree of psychological
distance. A person in such concept can care for the good of his neighbours without knowing them personally or for
an individual of the same nationality, class or defender of the same ideology. The motivation can be based on
cognitive maps, on the tension between cognitive distances and on the structure of the own Self — “generalization
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of own standards”. This phenomenon called “pure altruism” is based on the fact that the level of influence of the
needs of other people on the subject’s behaviour is the lower, the more distant such persons are from the “Self”.

Helping others in need (ill, poor, lonely persons etc.) is a substantial characteristic of Christian ethics — according
to the biblical standard: “love your neighbour as yourself”. The connection of altruism and moral attitudes can be
observed in different religious doctrines, besides the above stated Christianity also e.g. in Buddhism where a
person who has made experience with God’s love participates in it particularly by his own love towards other
person. (Ri¢an, 2002).

Prosocial behaviour is inseparably connected with empathy, situated in current psychology into narrow relation to
two mutually related human abilities, i.e. to cognitive empathy (adoption of mental perspective) and emotional
empathy (mediated by shared emotions).

In cognitive concept, it is understood for example as act of construction of mental conditions of others as well as
intellectual or imaginative understanding of conditions or statuses of mind of others. Significant authors who have
elaborated such concept of empathy are e.g. G. H. Mead, R. Hogan. In emotional concept, it can be defined e.g. as
affective response that corresponds more to the situation of another person than to the own situation. Significant
representatives of this concept are authors like e.g. E. Stotland, A. Mehrabien, N. Epstein, N. Eiseberg, J. Strayer,
M. L. Hoffman.

Multidimensional concept of empathy was created by M. H. Davis (1980, 1983, 1996). According to this author,
empathy includes both cognitive and emotional elements in four basic components. They are: 1) perspective
taking in the sense of the tendency to adopt the perspective of others, which is based on non-egocentric thinking,
2) empathic concern including feelings of sympathy and interest in distress of others, which is shown in altruistic
behaviour, 3) fantasy as the tendency to transfer oneself into the feelings and actions of fictive figures in books,
plays and films and 4) personal distress reflecting the level of feelings of anxiousness and uneasiness oriented on
oneself in intensive interpersonal situations.

RESEARCH AIM, METHODS, SET

The aim of research consisted in ascertaining the level of selected personality characteristics in volunteers. They
were personality characteristics expected in this population group in increased level. The tasks were particularly as
follows:

1. Ascertain the level of kindness, good-heartedness, tolerance and also moral characteristics like sincerity,
including their negative antipole, i.e. the effort to dominate others, aggressive displays expressing excessive
assertion at the expense of others.

2. Ascertain the degree of empathy, understood as sensitivity and understanding of the subject towards mental
conditions of other persons like the basic condition of interaction among people and interpersonal relationships.

3. Ascertain the degree of religiousness, which shows by Christian values including altruism in attitudes and
behaviour.

M ethods

a) The data collection was performed in three questionnaire methods based on the technique of introspective
statements.

The first questionnaire, NEO (by authors P. T. Costa and R. R. McCraee in translation by M.Hiebickova and T.
Urbének, 2001) is based on the five-factor personality model, Big Five. It measures personality features as
relatively permanent characteristics shown in the way of thinking, experiencing and performing activities by
which people mutually differ. They are: neuroticism, extraversion, openness towards experience, kindness and
conscientiousness. The questionnaire included 60 items in which the respondents performed self-evaluation on
Likert scala from 0 to 4 points. Only data of one of the five factors, the kindness factor have been used for this
study.

Also the multidimensional scale by M. Davis (1980, 1983) called Interpersonal Index Reactivity - IRI, in
translation by Z. Ml¢ak was used to measure the level of empathy. The scale included 28 items, 0-4 points could
be achieved for each item.
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The third questionnaire, of own construction, ascertained the religious life of the respondents in the sense of
interior personal attitude with the help of nine questions. The self-evaluating Likert scale included a range from 0
to 4 points.

b) The research data were processed with the help of the methods of descriptive and mathematical statistics, T-test
and F-test according to usual formulae.

Resear ch set

The research set consisted of 59 volunteers from Charity Ostrava and Charity Ceské Budg&jovice. With regard to
gender, the set included 55 women and 4 men in an age range from 21 to 46 years. We did not deal with gender
characteristics at processing the research data, because of low representation of men. Average age corresponded to
29,5 years.

RESULTS

Level of kindness

The statistical average of the personality feature of kindness of the volunteers is higher, in comparison with
statistical average for the given population standard. The average value found out by us equals 32,46, exceeding
slightly the table value which is 30,0. This difference is statistically significant at a 5% level of significance at
using the T-test.

Level of empathy

The statistical average of empathy corresponds to the zone of the broader population average in the set of
volunteers. The average value of M = 64,8, found out by us, exceeds the table average (M = 62), but not the
decisive deviation. This difference is statistically significant at 5 % level of significance at using the T-test.

As for the distribution of relative frequency of the level of empathy in the set of volunteers in percentage, none of
the respondents has entered the zone deeply below average and highly above average; 3,9 % of the volunteers
were classified in the category of above-average empathic individuals, 86,3 % in the category with average value
and 9,8 % above average.

Level of religiousness

The average values of religiousness oscillated mostly in the zone of broader average, or possibly in the slightly
negative part of the scale.

The relative frequencies of level of religious orientation in the sense of belief in God were represented unevenly
on the scale used. Most respondents (49,2 %) scored with average values; only 2,4 % were placed in the zone
slightly above average, 32,0 % in the zone slightly below average and 16,4 % in the zone strongly below average.

Summary of results

1. The volunteers show slightly above-average level of kindness compared with the population average. Their
interpersonal orientation is typically characterized by altruism. They feel understanding and comprehension
towards others, express favour to them, behave kindly and affably to them. They have confidence in others and
prefer cooperation to competition. Characteristics like e.g. cruelty, suspiciousness, rejection of cooperation,
vindictiveness and heartlessness can be seen only rarely in them.

2. The volunteers as a whole dispose of slightly above-average level of empathy. Increased level of empathy ranks
undoubtedly among positive and expected results. One of recent studies (Z. MIcak, A. Kubicova, 2006) states that
elements of market principles are gradually introduced into the approach to clients called “new managerism”
within social services and, together with it, also methods of management typical for business. That can lead to
alienation between the helper and the client. Excessive stress on standards and competences is related with
"superficial, practicistic, atheoretical" activity (p. 412). The inquiry performed by Z. Mlcak (2005) showed that,
besides the result of interaction with the social service worker, also the way of interaction and also the related
personality characteristics of the social worker perceived by the client, e.g. kindness, openness, conscientiousness
and emotional stability are very important for the clients.

From this angle of view, the significance of volunteers as workers providing services who do not build on
manager procedures and fulfill the legacy of C. R. Rotgers in empathic, kind approach to the client, accentuating
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the central role of the client; C. R. Rotgers considers such approach one of the key moments of helping
relationship.

In traditional spirit, empathy is usually understood as (Z. Ml¢ak, 2004) inborn human characteristic that cannot be
learned completely from the foundations where basic preconditions are missing. But it can be developed as a
program and applied in contact with people as a useful base for interaction with the client.

3. The volunteers show slightly below-average level of religiousness. The variability of individual data found is
high; the data found do not have character of normal distribution in accordance with Gaussian curve, oscillating
more often between average and below-average values.

Christian values and belief in God do not play the role of stimulator of prosocial behaviour and altruism in most
volunteers; they are not included among factors activating personal standard of prosocial standards. This result
ranks among the less expected, particularly because the respondents are volunteers of Charity, i.e. Church
organization. The prosocial behaviour of the volunteers from this research cannot be termed “Christian altruism”
in a big part of the respondents. This type of altruism, influenced by Christian moral doctrine, considers doing
good a Christian duty. The respondents dispose rather of normative altruism (the need to create rules and standards
terming charity as desirable model of human behaviour), or possibly emotional altruism. In this form of altruism,
the individual understands helping as a good thing in the relation towards other people and is lead to it by
emotional sympathy and compassion.

Conclusion

This study brings only a sector of the results of an extensive research focused on helping professions.
Prospectively, other personality characteristics will be compared in order to understand more deeply the prosocial
behaviour and altruism in human.
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1. Introduction — Curricular Process

Within the framework of theory of curriculum it is necessary to express and communicate suitably the individual
transformations between the variant forms of curriculum and it should be also performed in the area of higher
education. During learning as problem solving (see [8]) mentioned transformations of curriculum are associated
with conception of Didactic Communication which can be called in the area of higher education the conception of
Educational Communication (see [1], [2], [3], [4]).

The concept “ Curriculum” can be explained as “educational content” (see [8]) and the theory of curriculum,
adequate to conceptions of educational and didactic communications is issuing from the philosophy of
essentialism ((see [8]).

Succession of Curriculum Transformations within educational and didactic communications can be called
“Curricular Process’

ThisCurricular Processis as follows from the scheme:

Transformation T1: Relevant science — System of relevant science from the point

of view of its communication (Conceptual Curriculum)

Transformation T2: Conceptual Curriculum — Educational content (I ntended

Curriculum)

Transformation T3: Intended Curriculum — Instruction project and Textbook as the basic

component of the instruction project and further components (Pr o] ected

Curriculum)

Transformation T4: Projected Curriculum — Knowledge already achieved

(Implemented Curriculum)

Transformation T5: Implemented Curriculum— Lasting component of the education and

its application (Attained Curriculum)

The Curricular Process of educational science is also associated with described succession of variant forms of
curriculum — conceptual curriculum, intended curriculum, projected curriculum, implemented curriculum, attained
curriculum.

The description of York University Faculty of Education is connected with projected curriculum, it is
representing the instruction project of this faculty.
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2. The University of York

The University of York was founded in 1963 with 200 students. Today it belongs together with The Cambridge
University to the most prestigious Universities in The Great Britain. The University of York consists of more then
30 fakulties and scientific centers and offers the students a lot of various graduate, undergraduate and postgraduate
training.

Everybody who wants to study at the University of York can choose from various faculties on the web site of the
University (http://www.york.ac.uk) e.g. Faculty of Education, Faculty of Art, Faculty of Language and Linguistic
Science, Faculty of Electronics, Faculty of Economics and Related Studies, Faculty of Computer Science,... .

3. The Faculty of Education

From the list of faculties I chose the Faculty of Education with Institute for Effective Education and I looked in
detail at their curriculum, study program, and structure. This faculty is famous world especially in the fields of
research and education, and their interconnection. The Faculty of Education at the University of York consists of
these departments:

Centrefor English Language Teaching

Study program: a) Bachelor course — English language for foreigners, students can attend summer intensive
courses of english language too.

b) Master course — Teaching of English language.

Centrefor Equity and Impact in Education

Study program - Experimental Postgraduate study in the areas:

Developing a sense of justice among disadvantaged students: the role of schools
Citizenship Education and Teacher Education

Analysis of School exclusion in Education

The social impacts of inclusion on statemented children with special educational needs and their mainstream peers

Centrefor Innovation and Research in Science Education — study program specializes in obtaining new piece
of knowledge in development inovation study:

Evidence-based Practice in Science Education,

Twenty First Century Science,

Advanced Chemistry,

Advanced Physics,

Advanced Biology.

Centrefor Language L earning Resear ch
Study program — Bachelor courses:
Education,

Language and Linguistic Science,
Psychology

Sociology
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Institute for Effective Education has one department:
Centre for Eighteenth Century Studies — study program at this department includes as Magister course so
Postgraduate course, which are specializing in a study of culture, literature, art, policy and society of 18 century

(1650-1850).

4. The Significant Per sonality

Dr Judith Bennett has been elected the dean of Faculty of Education in 1990. After graduation at the Faculty of
Education at the University of York she spent 8 years as a scientist at King’s College in London. Her scientific
activity concentrates on the area of development relation between science and education, especially on methods of
teaching science.

Dr Judith Bennett is also the head of scientific group, which evaluates international projects and research in
scientific education. She has served as Chair of the Research Committee of the Association for Science Education
and has worked on a number of international education programs in Germany and South Africa.
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Anotace:

Tvorba modelll profesnich kompetenci vychazi z obecnych kompetenci ucitele, jimiz se autorka inspiruje.
Modely oborovych kompetenci jsou rozdéleny na model kompetence komunikativni, oboroveé didaktické,
praktické (experimentalni prace), interdisciplinarni a environmentalni. To v§e v kontextu modelovani exogenni
a endogenni stranky edukacniho procesu.

Abstract:

The creation of professional models of competences is based on general competences of a teacher, by which the
author has been inspired. The models of professional competences are separated into models of communicative,
professional didactic, practical (experimental work), interdisciplinary and environmental competences. All of
that has been done in the context of modelling an exogenous and endogenous side of an educational process.

ey oee

jejich pregradudlni ptipravy na vysokych skolach, vychazim z modelu logické struktury edukac¢niho procesu.

1]
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a
Vzdélavani jako zprostiedkovany proces predavani poznatkd a metod védeckého poznavani VS studentim
(adresatim), ktery se realizuje v intencich spolecenskych z4jmi a potieb

5 I

b] b2
Intence spoledenskych zajmi a potieb Zprostiedkovany proces preddvani
jako zékladni pozadavky a cile ¢emu poznatkil a metod védeckého poznavani
vzdélavat
B B
bs by
Cela organizace vzdélavaciho Moznosti adresatil pfijimat
prostfedi jako soustavy situaci, poznatky a metody védeckého
v nichz se adresat aktivné poznavéni a aktivné je
seznamuje se systémem védniho interiorizovat (zvnitfilovat)
oboru
ﬂ C,D ﬂ C,D
dl d2 d3
Obsahova stranka eduka&niho Exogenni stranka edukaéniho a Endogenni stranka edukacniho
procesu jeji Ginitelé a jeji Cinitelé
E dy
Interakce vnittnich a vnéjsich stranek edukacniho
procesu s vymezenymi kooperativnimi rysy

| I

€1
Edukacni proces jako komplex Cinitell a interagujicich komponent, které v syntéze vytvareji celkovou
vzdélavaci situaci. Jeho podstata a specifiénost spo¢iva v soustavé vyvijejicich se interakénich vztaht
endogennich a exogennich Ciniteld, ktera respektuje pfislusné normativy a souc¢asné navozuje ustaviéné
zmény vSech zakladnich stranek edukaéniho procesu

Tento model by mél umoznit urcit navzdjem interagujici subsystémy tkoumaného systému pripravy ucitelii na
univerzitich v kontextu se ziskdvanim a rozvojem souboru jejich kompetenci a piejit k interaktivnimu
modelovdni vymezeného souboru cilovych kompetenci uéitelit piirodovédnych piedmétii.

Schéma vystihuje v ramci deduktivniho pfistupu pouze globalni zafazeni poznavaciho procesu do didaktického
systému. Vychazim z vymezovani vstupniho univerza ay, které 1ze popsat jako oblast, ve které studenti ucitelstvi
ziskavaji obecné pedagogické kompetence.

Pak nasleduje analytické roz¢lenéni na dil¢i jevy a objekty (b1, b2 , b3, b4) a vymezeni relaci mezi nimi, které
jsou oznaceny pismenem B. Pro naSe potfeby lze interpretovat uvedené dil¢i jevy a objekty jako soubory
pedagogickych a oborovych kompetenci, k nimz smétuje vstupni univerzum a soubory didaktickych forem a
metod, kterymi jsou tyto kategorie realizovany.

Oblast E je ovSem podminéna nejen intelektudlnimi moznostmi studentli, ale zejména jejich osobnostnimi
vlastnostmi.
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Dalsim krokem je urceni podstaty téchto jevii procesem abstrakce. Relace mezi oblastmi b a oblastmi ¢ jsou
oznaceny pismenem C. Vymezovanim souvislosti a zavislosti mezi prvky podstaty cl, ¢2, a ¢3 lze syntetickou
cestou dospét k zakonitostem a vztahtim d1, d2, d3, d4 (relace mezi nimi jsou oznaceny pismenem D).

d; normativni strankou edukaéniho procesu mam na mysli v podstaté veskerou napln univerzitniho studia,
studijni programy, profesni standard

d, skupina exogennich c¢initell edukacniho procesu zahrnuje fizeni a organizaci vychovné—vzdélavacich
instituci a jejich materialni zabezpeceni, fidici personal a jeho dal§i vzdélavani, metody a formy edukacnich
aktivit, materidlni a dal$i didaktické prostiedky, vybér, organizaci a uplatnéni absolventd univerzit
v ucitelskych oborech

d; skupina endogennich Ciniteld edukacniho procesu zahrnuje pohnutky, postoje a presvédceni jedince
v ptipravé na povolani pedagoga a ziskavani obecnych i oborovych kompetenci, opraviyjicich absolventa
k vykonu ucitelské profese

d, interakci vnitfnich a vnéjsich stranek edukacniho procesu s vymezenymi kooperativnimi rysy zamyslim
vzéajemné horizontalni propojeni definovanych Cinitell a jejich naslednou interaktivni spolupraci a vzajemné
dotvareni konkrétnich didaktickych situaci na zaklad¢ respektovani charakteru obou téchto skupin

Cela tato poznavaci cesta kon¢i vymezenim obsahu a rozsahu cilového pojmu ey, ktery predstavuje myslenkovou
reprodukci zkoumaného vstupniho univerza (relace mezi objekty d;—d4 a objektem e; jsem oznacila pismenem
E).

V logické struktuie cilového pojmu e; je mozné vysledovat urcitou hierarchizaci v usporadani skupin pojma.

Pojmy skupiny a; lze zafadit do vstupni (realitni) pojmové roviny, b;—by do roviny analytické, dale uvadéné
pojmy ¢;—c¢q4 do roviny abstraktni, d;—d4 do roviny syntetické

a e do cilové roviny pojmii.

Provedeni deduktivni projekce logické struktury cilového pojmu na konkrétni specifikum umoznuje ziskavat
aplikacni pojmy, které lze povazovat za prvky aplika¢ni pojmové roviny.

V tomto ptipadé povazuji za soucast aplikacni pojmové roviny ziskani profesnich kompetenci, jejichz vyvoj je
mozné dale vertikalné smérovat.

Zobrazeni vymezené logické struktury orientovanym (sitovym) grafem lze popsat nasledujicim zplsobem.
Vrcholy orientovaného grafu, znazornéné obdélniky s vepsanymi nazvy pojmd, obsazujeme nejdiive prvky a ze
vstupni (realitni) roviny. Pfipadné relace A mezi okolim a prvkem a; znazornime orientovanymi Sipkami
sméfujicimi do vrcholu a;. Od prvkl a; se rozvétvuji orientované Sipky B k prvkiim b;—b, analytické roviny,
dalsi rozvétveni znazornéné Sipkami C charakterizuje pfechod k prvkiim e¢;—¢q4 roviny abstraktni. Prvky b;—by;
¢;—¢14 obsadi dalsi vrcholy vétviciho se orientovaného grafu. Dalsi tvorba modelu bude typickd sméfovanim
nékolika Sipek D do jednotlivych prvkti d;—d, syntetické roviny. Zavérecné soustiedéni Sipek E uzavie
orientovany graf obsazenim vrcholu prvkem e, cilové roviny, ktery zobrazuje vystupni univerzum.

Model endogenni stranky edukaéniho procesu [2]

Tento model vysvétluje vazbu na endogenni stranku edukacniho procesu v pregradualni piipravé ucitelt
pfirodovédnych predméti. Nejsou v ném zachyceny horizontalni vazby mezi prvky eq;—¢14, 0od nichz jsem
z divodu vétsi prehlednosti upustila.

Ptechod bs,—d; zahrnuje soubor prvki skupiny endogennich Ciniteli, kterymi rozumim uroveil univerzitné
vzdélavanych studentil v oblasti kognitivni (¢q7), emocné volni (¢q,), psychomotorické (e;3) a v oblasti socidlnich
vztaht (¢q4).
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by

Moznosti adresatt pfijimat poznatky a metody védecké prace a aktivné je zvnitifiovat —struktura osobnosti

VS studenta v obdobi pregradualni ptipravy v oblastech

C C C C
€11 C12 C13 ¢
Kognitivni Emoc¢né volni Psychomotorické Socialnich vztaht
D D D D
d;

Endogenni stranka edukac¢niho procesu a jeji ¢initelé

Ci

C12

C13

Ci4

poznavaci oblast v pregradualni ptipravé ucitelti pfirodovédnych predmétt chapu jako proces, v némz
studenti ziskavaji potiebné védomosti a intelektudlni a motorické dovednosti, smétujici k jejich
intelektudlnimu vyvoji

emo¢né volni oblast zahrnuje formovani a ovlivilovani osobnosti budouciho ucitele, upeviovani
pozitivnich ryst jeho osobnosti, podporu citové stability, nacvik negace ucitelského stresu, atd.

psychomotorickou oblasti v modelu rozumim nacvik a upevnéni dovednosti a ¢innosti, vyzadujicich
nervosvalovou koordinaci (prace s aparaturami, obsluha technickych zafizeni, atd.)

v oblasti socialnich vztaht se jedna o tvorbu socialni pozice budouciho uditele v socialnim prostiedi
a o nacvik jeho socialniho chovani, odpovidajiciho roli, ktera je od n¢j ocekavana; pochopeni socialnich
vztahti ve skupiné zaku i pedagogickych pracovniki

Jednotlivé oblasti uvedené struktury piimo koresponduji navrienym a strukturované zpracovanym souborem
kompetenci, reprezentujicim zaméieni budoucich ucitelii piirodovédnych piedméti.

>

YV V V VY

komunikativni kompetence je zahrnuta ve vSech oblastech

oborov¢ didakticka kompetence je izce vazana na kognitivni oblast

prakticka (experimentalni) kompetence vychazi z psychomotorické oblasti

interdisciplinarni (mezioborova) kompetence je podporovana zejména kognitivni oblasti
environmentalni kompetence vyplyva z oblasti kognitivni a z oblasti emo¢né volni a je posilovana

v oblasti socialnich vztaha.
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Model exogenni stranky edukaéniho procesu [3]

Tento model vysvétluje vazbu na exogenni strdnku edukacniho procesu v pregradudlni piipraveé ucitel
pfirodovédnych pfedméti. Nejsou v ném zachyceny horizontdlni vazby mezi prvky es;—cq9, od nichz jsem
z diivodu vétsi prehlednosti upustila.

b;

systémem védniho oboru

Cela organizace vzdélavaciho prostiedi jako soustavy situaci, v nichZ se adresat aktivné seznamuje se

b;’

Organizacni nositelé soustavy situaci

Vytvéfeni soustavy situaci

b3”

C C C C C C C
Gy Cs Co C1o €6 ¢ Cs
Rizeni Akademicky
a organizace pracovnik Vybér Uplatnéni Metody Materialni, Formy
vzdélavaci a jeho dalsi | [a organizace| | absolventl vzdélavaci didaktické vzdélavaci
instituce vzdélavani adresati prace a dalsi préace
ajeji (VS student (VS prostfedky
materidlné studenttt)
didakticka
zakladna
D D D D D D D
dy’ d,”
VS vzdélavaci instituce a jejich organizaéni Zpusoby zprostfedkovani informaci a realizace
a fidici funkce predavani poznatki a metod védecké prace
D D
d;

Exogenni stranka edukacniho procesu a jeji Cinitelé

Organizace vzdélavaciho prostiedi umoziuje studentim prechdzet do endogenni sféry, v niz je realizovana
vlastni pregradualni priprava budoucich uciteld.

V uvedenych modelech jsem formulovala vazby téchto modelii na nyni aktudlné navrzeny model cilovych
kompetenci absolventa ucitelstvi pfirodovédnych predméti s jejich specifikacemi na experiment
a environmentalisticky pfistup.
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Model formovani osobnosti studenta ucitelstvi [4]

Schopnosti osobnosti jako jeji pedagogické zptisobilosti

\4

Rovina axiolgicka Cil: byt

A4

Rovina praxeologicka Cil:
umét veédet

Rovina gnozeologicka Cil:

vnimani)

Percepéni schopnosti (schopnosti

Psychomotorické schopnosti

Intelektové schopnosti

>

Senzorické dovednosti

Osvojeni moralnich

> norem a etickych
hodnot
Osvojeni socialnich
.>

zkuSenosti

Motorické dovednosti

Pracovni navyky

Podpora komunikativni
kompetence

Podpora praktické
kompetence

Podpora oboroveé-
didaktické kompetence

A 4

Podpora interdisciplinarni

Podpora environmentalni
kompetence

A\ 4

Senzomotorické uceni: praktické ¢innosti - prace v laboratofi,
prace s naradim, podpora manualnich schopnosti zaku,
podpora schopnosti zakll v oblasti vychov (1)

>

>

Védomosti

Intelektualni dovednost

Myslenkové navyky

>

Myslenkové operace

Podpora komunikativni

kompetence

didaktické kompetence

Podpora oborove-

Podpora interdisciplinarni

kompetence

Podpora environmentalni

kompetence

A\ 4

\4

Uceni verbalni a pojmové - rozvoj kognitivnich funkei heuristické

metody: metoda feSeni problému (2)

A 4

uceni, kooperativni uceni)

Socialni konstruktivismus (socialni dimenze

Kognitivni konstruktivismus (konstrukce
logickych struktur a mentalni operace s nimi)
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Senzomotorické uceni (1) Uceni verbalni a pojmové (2)
Metody vyuky
Praktické metody Heuristické metody
Metody myslenkovych operaci
Nacvik pohybovych a pracovnich |
dovednosti -
y > Komparativni
Zakovské laboratorni prace
4—
q Induktivni
Grafické a vytvarné ¢innosti P
> Deduktivni
> Analyticko—syntetické
> Generalizacni

Rozvoj a zamérné formovani osobnosti zaka v dialektickém

A

A 4

propojeni
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Profesni kompetence jako cilové kompetence absolventa ucitelstvi pfirodovédnych predméta

A b B E C
v \ 4 h 4
Komunikativni kompetence a Kompetence oborové- Kompetence prakticka I
didakticka p (experimentalni prace)

*zaujima mezi kompetencemi
vyjimecné postaveni, protoze jde
o cilovou kompetenci ucitele
a zaroven je podle RVPZV
zafazena ke kliCovym
kompetencim zaka

*jako soucast komunikativni
kompetence jak ucitele, tak zaka
*jako specificka kompetence
ucitele, vztahujici se k jeho
znalostem oborového systému a
jeho schopnostem vytvorit
didaktické premosténi informaci
z tohoto systému v interakci ucitel

* se vztahuje k psychomotorické
oblasti, nebot’ ji 1ze chapat jako
dovednost prace s laboratornimi
pristroji a aparaturami, s meticimi
pfistroji - celkové s didaktickou
technikou jak uditele, tak zaka

— zak
Kompetence interdisciplinarni 6 Kompetence environmentalni €
(mezioborova)
*neni vyhradné prirodovédnou
*1ze ji rozsifit na kompetenci kompetenci vztahujici se k uciteli
mezipfedmétovou ve smyslu a zékovi. Jeji postaveni je
vzajemnych vztaht a logickych specifické svym zaclenénim do
navaznosti ¢i propojeni mezi celého vychovné vzdélavaciho
jednotlivymi pfirodovédnym procesu, ovSem pfirodovédné
disciplinami a dale transferu téchto| obory mohou diky exaktnim
vzajemnych vztahti mezi pristupiim nejvice piispét
jednotlivymi pfirodovédnymi k formovani postojii a budovani
predméty nazori na danou problematiku
\4 A \
Vymezeni priorit eduka¢niho procesu
A - B — C > D - E

Kompetence leZi na shodné horizontdalni hladiné bez naroku na vzdjemné preference.
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Komunikativni kompetence o

v

Transfer didaktické informace mezi antropogennimi Ciniteli
edukaéniho procesu o,

\ 4

A 4

Transfer pocitd — socialni interakce mezi antropogennimi
¢initeli edukacniho procesu a,

Kompetence k feseni problému a;

A 4

Personalni kompetence a sebereflexe ucitele a,
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Personalni kompetence a sebereflexe ucitele ay

\ 4 A 4
Prognoéza a plénovéni Vedeni Autoregulace své Vyuzivani intelektu
dosazeni optimalnich | |  sakd/studentt ¢innosti smérem k optimalizaci
ucebnich vysledka k dosazeni k dosahovani vysledki
antiméalnich optimalnich vysledkt
_ | dovednost akceptovani sebe schopnost
”| komunikace Bd vyhledéavat al
s zaky/studenty informace
dovednost akceptovani okoli schopnost struktu-
» komunikace —»| (zAci/studenti, rovat informace |
s rodici kole- gové, rodice)
_| emocni dovednosti| | | aytenticita schopnost —
i Bd identifikace i
a aplikace
konceptt a teorii
. | navazovani sebereflexe a jeji
| kontaktii | techniky schopnost piijimat
s zaky/studenty zodpoveédnost 4
empatie,
| optimismus schopnost
rozhodovat garance"
pravidel
sebekontrola,
| zvladani emoci
a stresu
A4 A

Znalost pedagogické komunikace
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p
‘ Oborové-didakticka kompetence
\4

Evropské vlivy Svétové vlivy

V oborovych disciplinach < > V oborovych disciplinach

V pedagogice < »| V pedagogice

V didaktice < »| V didaktice

Ve filosofii < »| Ve filosofii

Aktualizace vyukovych strategii B,

Reflexe soudobych védeckych a vzdélavacich B, trenda

Posileni novych preferovanych subkompetenci,

rozvoj tvirci kompetence B;
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Posileni novych preferovanych subkompetenci, rozvoj tviiréi kompetence B;

Autodidakte

Reflexe vlastni
aktivity

Reflexe vlastni
kreativity

Kooperace v rdmci
pedagogického tymu

A 4

inovace oborovych védomosti

A 4

inovace oborovych dovednosti

v

akcelerace PC kompetence

A 4

jazykova vybavenost

A 4

orientace v novych poznatcich
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r
Kompetence prakticka
(experimentalni prace)

v v \ 4
Aplikace teoretickych Rozvoj psychomotorickych Interiorizace dostupnych
dovednost | modernich technologii

poznatkl do experimentalnich

¢innosti v edukaénim procesu

A 4 ¢ A 4

technologickd dimenze pedagogicka dimenze
(virtudlni prostredi) (moderni pedagogické
mysleni)

socialni dimenze
(virtudlni komunita)

o
Kompetence interdisciplinarni
(mezioborova)

Prevence Odhaleni novych Integrace

Vztahy a logické

navaznosti mezi
disciplinami

Transfer vztaha
mezi
disciplinami

duplicity
a interference
poznatkt

vztahti
a vyznamu jevil

pristupt,
perspektiv
a ideji

Mezioborova integrace

\4

A

v

Eliminace hranic zavadénim komplexniho systému
ptirodovédnych disciplin

A

Integrace ptirodovédnych a spolecenskovédnich (filosofickych)

disciplin

A
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€
Environmentalni kompetence
(Ize chapat jako subkompetenci komunika¢ni kompetence)

A v \4 l
Sledovani Podpora ucebnich Rozvoj dovednosti Schopnost volby
vychovnych procest s proble- k odhalovani forem a metod

z4mérl ve matikou Zivotniho a feSeni vyuky, zpfistupiiu-
prospéch Zivotniho prostiedi environmentalnich jicich
prostiedi problémil zaktm/studentiim
environmentalni
poznatky
v A 4

Formovani osobnosti uditele ptirodovédnych predmétt
kompetentniho v environmentalni oblasti

Obecné kompetence byly jiz v pedagogické literatufe dostatecné rozpracovany. To, na co je nutné poukazat, je
obecné mald zamétenost oborovych kompetenci na cilovou skupinu budoucich uditeli ptirodovédnych

predméti.
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