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Abstrakt:

Hlavnimi parametry, popisujici kramsamotného obsahu itiptupnost informaci
z wWebnice je obtiznost textu a dalSi parametry¢ddé jsou také individualni charakteristiky
Zaka, které jsou reprezentovany vybranymi prekonceptyiskoncepcemi zdk Hlavnimi
cily dizert&ni prace bylo poskytnout komplexni pohled na prolasigku analyzy tebnic a
propojit ziskané poznatky s praktickou tvorbodehnic. Na vysledky analyzy tématu
sacharidy a jejich metabolismus ve vybranyckielmicich a analyzu prekoncépt
biochemickych pojma navazuje tvorbadebniho textu, ktery vysledky analyzy respektuje.

V ramci teoretickésasti prace je podroknpopsan teoreticky background teorie a
tvorby webnic, kam pdt funkce @ebnice, jejich struktura, obsah, vlastnosti a zkanén
parametry. Nasledne uveden fehled informaci tykajici se Zzakovskych pojeti (joredepti)

a moznosti jejich analyzy a vyuziti ve vyuce. Vlpdsicasti jsou popsany aspekty vyuzivani
ucebnic z pohledu Zadk Wwitela a nakladatél a vztah tématu sacharidy a jejich metabolismus
ke kurikularnim dokumentn.

Praktickacast dizertani prace zahrnuje deskriptivni i réfd vyzkum. V prvni fazi
byla provedena analyza tematického celku sacharjdjich metabolismus v deviti vybranych
ucebnicich stedoSkolské chemie, analyza celyctelbnic a analyza vyt¥eného debniho
textu. Byla stanovena celkova obtiznost metodoutldlesa-Pficha-Pluskal, sémanticka
koherence a distantnost, didakticka vybavenost salmivd a pojmova analyza textu.
Vysledky byly nasled& porovnany a statisticky vyhodnoceny. Ve druhé faga provedena
analyza prekoncepta miskoncepci pojmu fotosyntéza a struktury sadhan zaki deviti
sttednich kol v cel€R (245 respondefit obor gymnéazium aifrodowdné lyceum). Ziskané
vysledky byly interpretovany, porovnany a statisgieyhodnoceny.

Zawrem dizertani prace je vytvieni webniho textu s nizSi syntaktickou,
sémantickou a celkovou obtiznosti a vySSi sémamiiaiistantnosti textu, nez je u textu
tématu sacharidy a jejich metabolismus ve vybranyégbnicich. Bylo prokazéano, Ze
hlavnimi nositeli paramalr obtiZznosti debnic jsou spiSe auip nez ztvargny obsah
v ucebnici a autti mohou dosahnout jejich nizsi obtiznosti vlastnalgzou. Dale je mozné
vyuZzit metodiku stanoveni obtiznosti NestlerovéeRy-Pluskala nejen na celéabnice, ale i
na diki tematické celky. # analyze prekonceptoyly zjiSttny vyznamné miskoncepce pojmu
fotosyntéza a struktury sachatid

Kli ¢ova slova: ucebnice, obtiznost textu, vybavenost, prekonceptgkomcepce, sacharidy,

metabolismus, fotosyntéza, strukturni vzorce, taagtebnic



Abstract:

The main parameters describing content and thessibiity of information from
textbooks are many aspects such as text difficatgg others. Individual characteristics of
pupils - that are represented by chosen studembpceptions and misconceptions — also
belong to key factors. The providing of the comeretive view of the issues regarding
analysis and the linking of acquired pieces of kieolge with the practical textbook creation
have been the main aims of this dissertation. Taation of an instructional text follows the
analysis results of the topic carbohydrates anat thetabolism in chosen textbooks and the
preconception analysis of biochemical terms. Tistructional text respects the results of the
analysis.

The theoretical background of textbook creatiore (fthnctions of textbooks, their
structure, content, characteristics and investiyprameters) has been described in detail in
the theoretical part of this doctoral thesis. Itfalowed by the survey of the information
concerning student preconceptions and the pogbifior their analysis and use in teaching.
The aspects of textbooks use from the perspectiyaiils, teachers and publishers, as well
as the relation of the topic carbohydrates and thetabolism to curriculum documents have
been described in the last part.

The practical part of the dissertation includesdptive and relational research. In the
first phase — the analysis of the thematic unibchydrates and their metabolism in nine
chosen textbooks of high school chemistry, theymmabf entire textbooks and the analysis of
created instructional text have been carried otk ®verall difficulty has been set by the
Nestlerova-Rrcha-Pluskal method. The dissertation has beenfaisising on several aspects
including semantic coherence and distance, didaafjgipment and content as well as
conceptual text analysis. The results were subsglyusompared and statistically evaluated.
In the second phase — the analysis of preconceptiord misconceptions of the terms
photosynthesis and the structure of carbohydrayethé pupils of nine secondary schools
throughout the Czech Republic (245 respondentsnmiar schools and natural science
lyceum) has been performed. The gained results heen interpreted, compared and
statistically evaluated.

The creation of an instructional text with lowerngctical, semantic and overall
difficulty and higher semantic textual distanceompared to already existing texts with the
topic of carbohydrates and their metabolism (insemotextbooks) - is the main goal for the
conclusion of this dissertation. It has been protleat rather authors (more than featured
content in textbooks) are the principal carriergpafameters. The authors can reach lower
difficulty through their own analysis of textbook&nother observation is the fact that it is
possible to use the methodology focused on thermdatation of difficulty Nestlerova-
Pricha-Pluskal not only for entire textbooks, but alsth sub-thematic units. The significant
misconceptions of the term photosynthesis andttiuetsre of carbohydrates were found out
during the analysis of preconceptions.

Key words: textbooks, text difficulty, equipment, preconceps, misconceptions,
carbohydrates, metabolism, photosynthesis, stralctoimmula, creation of textbooks



1. Uvod

Predkladana dizertai prace je zagtena na teorii a analyzu tvorbyebnich texi
z biochemie se zatfenim na téma sacharidy a jejich metabolismus. ¥étaké casti jsou
popsana zékladni vychodiska pro vyzkumn@st. Je tedy zatrena na podrobny popis
funkci webnic a jejich tvorby, i@hled informaci tykajici se Zakovskych pojeti (joredepi)
a moznosti jejich analyzy a vyuziti ve vyuce. D@eiveden pehled vyzkumu &ebnic vCR
a zahranii a poznatlkl ziskanych reSerSi zdiojPoté je zéazena podrobna charakteristika
struktury webnic a parameirpopisujici text tebnic (obtiznost, struktura, sémantické vazby,
didaktickd vybavenost apod.)¢etn piehledu jiz existujicich vysledk V zawru teoretickeé
¢asti je uveden iehled problematiky vyuZiti aebnic ve vyuce z pohledu Zgkwitelu a

vydavatel a postaveni tématu sacharidy v kurikularnich dawomech.

2. Cile studie

Cilem dizertani prace je poskytnout komplexni a Siroky pohled pnablematiku
analyzy w@ebnic a propojit ziskané poznatky s praktickou theor webnic. Na vysledky
komplexni analyzy tématu sacharidy a jejich metabmls ve vybranych debnicich a
analyzu prekonceptbude navazovat tvorbatebniho textu, ktery bude vysledky analyzy
respektovat. V rdmci dizegtai prace byly stanoveny nasleduijici cile:

» zpracovat komplexni reSerSi dostupnych ztrykajicich se &ebnic a jejich analyzy,
dale prekoncefita moznosti jejich analyzy a vyuZiti ve vyuce alyna kurikularnich
dokument se zamfenim na tivo sacharid a jejich metabolismus

e stanovit parametry obtiZznosti textu, sémantickohektenci a distantnost, didaktickou
vybavenost a provést obsahovou a pojmovou analyaianych debnic

* analyzovat prekoncepty a miskoncepce pojmu fot@amta strukturnich vzaic
sacharid znazorgnych Haworthovou a Fischerovou projekci uiékednich Skol

e vytvorit uéebni text pro vyuku tématu sacharidy a jejich meliamus, ktery poskytne
alternativu k recentniméebnicim a bude respektovat gasné pedagogické, didaktické a
psychodidaktické poznatky a vysledky vyzkumu v réréo prace

e provést analyzu stejnych paranietr vytvareného debniho textu, porovnat a vyhodnotit
vysledky webniho textu s vysledky analyz vybranycaielnic



3. Metodika

Praktickacast dizertani prace zahrnujeékolik dilcich vyzkumi liSicich se povahou
vyzkumnych problém (zahrnuji deskriptivni i retani vyzkum). Proto byla proiphlednost

pouzita vyzkumna metodologie ratena nait hlavnic¢asti:

1. faze: ANALYZA UCEBNIC

a) deskriptivni vyzkum:

e analyza parametr obtiznosti textu u tematického celku sacharidy egich
metabolismus, u celych vybranyckiebnic a u tebniho textu, analyza sémantické
koherence a distantnosti, didaktické vybavenostabbva a pojmova analyza

b) relani vyzkum

» komparace analyzovanych parametocebnic z deskriptivniho vyzkumu u
vytvoreného debniho textu a tematického celku sacharid¢ebmicich

2. faze: ANALYZA PREKONCEPTU
a) deskriptivni vyzkum

» analyza prekonceppt a miskoncepci pojmu fotosyntéza a struktury sadhar
znazorgnych Haworthovou a Fischerovou projekci

b) relani vyzkum

» komparace prekoncapt a miskoncepci struktury sacharid znazorgnych

Haworthovou a Fischerovou projekci

3. faze: TVORBA UCEBNIHO TEXTU

Vyzkumny soubor a nastroje pro analyzu webnic:
Pro analyzu byly vyuZity néastji pouzivané gebnice chemie naisdnich Skolach
s obory gymnazialniho typu - obor gymnazium nebivogowdné lyceum, které obsahuji

tematicky celek sacharidy a jejich metabolismudndese o tyto ¢ebnice:

« AMANN, W., EISNER, W., ET AL. (pekl. SVOBODA, J., KRATOCHVIL, B.).
Chemie pro gedni Skoly 2b2000.



* BANYR, J., BENES, P., ET ALChemie pro sedni Skoly — obecnd, anorganicka,
organicka, analyticka a biochemik. vyd., Praha: SPN, 1997. ISBN 80-85937-46-8

« CARSKY J., KORIVA J., ET AL. Chemie pro Ill. rénik gymnazii 2. vyd., Praha:
SPN, 1990. 256 s. ISBN 80-04-24922-1

+ KOLAR, K., KODICEK M., ET AL. Chemie Il. pro gymnazia organicka chemie a
biochemie2. vyd., Praha: SPN, 2005. 128 s. ISBN 80-7235283-

« KOTLIK B., RUZICKOVA K. Chemie v kostce II. pro/gtdni skoly2. vyd, Havligkav
Brod: Fragment, 2001. 135 s. ISBN 80-7200-342-9.

«  MARECEK, A., HONZA, J.Chemie practtyfleta gymnazia - 3 dill. vyd., Olomouc:
Nakladatelstvi Olomouc, 2000. 250 s. ISBN 80-7182-Q

s VACIK, J., BARTHOVA, J., ET AL.Prehled stedo3kolské chemid. vyd., Praha:
SPN, 1996. 368 s. ISBN 80-85937-08-5

« VODRAZKA, Z. Biochemie pro studenty/stnich $kol a viechny, které laka tajemstvi
Zivé prirody. 1.vyd., Praha: Scientia, 1998. 161 s. ISBN 8037083-6.

« PEC, P., PEOVA, D. Uc¢ebnice stedoskolské chemie a biochemie vyd., Olomouc:
Nakladatelstvi Olomouc, 2001. 518 s. ISBN 80-7182-Q

Vyzkumnymi néstroji byla metodika stanoveni komplexiry obtiznosti textu (T)
vybranych debnic metodou Nestlerovaiftha-Pluskal (sloZzena ze syntaktické, sémantické a
celkové obtiznosti, koeficienty hustoty odborné omfiace z celkového ptu slov a
z celkového p&tu pojmi), sémantické koherence a distantnosti, didaktigkbavenosti

ucebnic a obsahova a pojmova analyza.

Vyzkumny soubor a nastroje pro analyzu prekoncepi:

Vyzkumu prekoncejitse &astnilo 245 Zak predposledniho nebo poslednih@niku
studia z deviti $ednich Skol (obory gymnéziafippdowdna lycea), v ramci cel€eské
republiky. Vyzkumnym nastrojem byl didakticky tesgpracovany podle pravidel
definovanych Chraskou (2007). Testové polozky Ipflgvazre uzaveného typu, doptmé
polozkami polouzateného a otaeného typu. Prvnéast testu byla zaghena na analyzu
prekoncept chemickych strukturnich vzaresacharid (celkem 5 otazek) a druh@ast testu
tvorilo 8 otdzek zamrenych na analyzu prekoncémgiojmu fotosyntéza. Distribuce probihala

v mésici Feznu az kwtnu roku 2012.



Statistické zpracovani dat

Verifikace popipact falzifikace stanovenych hypotéz vyZzaduje statigtizpracovani
dat. Statistické hodnoceni vyznamnosti bylo vzdgvpdeno v programu STATGRAPHIC
Centurion XVI. verze 16.1.11. (32-bit) firmy StaiRbTechnologies Inc. Tvorba gfabyla
provedena v tabulkovém editoru MS EXCEL 2007 (Msofb, Corp., 2007). Jako statistické
metody byly pouZity dvouvylyovy Fisher-Snedectv F-test, Studeft t-test a test
nezavislosti chi-kvadrat pro kontinggri tabulku (podle Chrasky, 2007).

Vyzkumny soubor a nastroje pro analyzu prekoncepi:

Ucebni text byl vytveéen tak, aby respektoval vysledky analyzglonic a prekoncept
v ramci této dizeriani prace a moderni trendy tvorby &$ych webnic s drazem na
popularizaci a zatraktiwmi biochemie, kter4 je obetwnimana jako obtiznécivo. Dale na
aplikaci poznatk v béZném Zivot, historické zajimavosti, moti¢ai a aktiviz&ni prvky.
Nasledr byly u vytvaeného debniho textu provedeny stejné analyzy obtiznoatgldické
vybavenosti a obsahu a pajmZiskané vysledky byly porovnany s vysledky ziskan
analyzou tematického celku sacharidy a jejich n@tsimus ve vybranychdebnicich chemie
pro stedni Skoly.

4. Vysledky a diskuze

Vysledky analyzy &ebnic prokazaly, Ze nejnizsi obtiznost byla zjigt u &ebnice

Banyra a BeneSe, zatimco nejvysSi debnice Vodrazky. Bylo potvrzeno, Ze vyteoy
ucebni text ma nizSi hodnotu sémanticke, syntakteclaelkové obtiznosti nez jetpnérna
hodnota u text tematického celku sacharidy a jejich metabolisveisybranych tebnicich.
Z hlediska ostatnich paramiibtiZznosti nebyly zji€ny statisticky vyznamné rozdily. Dale
bylo prokazano, Ze je mozné vyuzit metodiku NesWérPicha-Pluskal nejen na celé
ucebnice, ale i na dil témata dostat@ého rozsahu, nebonebyly prokdzany statisticky
vyznamné rozdily mezi obtiZnosti tematického cedlacharidy a celymi agbnicemi. B
hodnoceni sémantické distantnosti byl nalezenssitaty vyznamny rozdil mezi vyt¥enym
ucebnim textem a sledovanymiabnicemi, zatimco u sémantické koherence Zadniétstiay

vyznamneé rozdily nalezeny nebyly. Vysledky shrriafaulkac. 1.



Tabulka¢. 1.: Vysledky analyzy celkové obtiznosti textuaiqvnani s debnim textem.
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BANYR, J., BENES, P., ETAL. | 10,91 | 15,63| 26,54 11,98 37,99  0,4B 2,22
VACIK, J., ET AL. 12,98 | 2361| 36,59 14,85 39,14 50 | 2,19
KOLAR, K., KODICEK M. 14,47 | 17,20| 31,67 14,60 4548 0,57 1,83
MARECEK, A., HONZA, J. 13,77 | 17,76| 31,53 11,82 3465  0,3p 1,90
PEC, P., PEOVA, D. 14,44 | 20,50| 34,94 14,21 40,78 0,58 2,32
CARSKY, J., ET AL. 15,12 | 21,75| 36,87 1354 37,00 04D 2,86
KOTLIK, B., RUZICKOVA, K. 14,18 | 25,21| 39,39 14,98 3821 0,40 2,49
VODRAZKA, Z. 17,45 | 26,50| 43,95 16,24 41,45 0,6 2,08
AMANN, W., ET AL. 14,56 | 18,23| 32,79 12,74 37,46 56, | 2,20
Priitmérné hodnoty 14,21 | 20,71 | 34,92 | 13,88 | 39,23 | 051 | 2,23
Vytvoreny utebni text 11,82 | 18,01 | 29,83 | 12,2¢ | 3547 | 0,50 | 1,81

'F-test: F = 36,89; P = 0,00tttest; t = 4,35; P = 4,3.10
’F-test: F=0,86; P =0,65t-test: t=1,08; P =0,16
SF-test: F=0,5; P =0,88t-test t=0,76; P = 0,24
‘F-test: F = 1,35; P =0,04t-test:t=1,73; P =0,04

Pri analyze didaktické vybavenosti nebyla shledartma&avislost mezi vyt¢enym
ucebnim textem a vybranymtebnicemi. Z hlediska celkové didaktické vybavenasgbnic
byla vyhodnocena jako nejvybavgsi ucebnice Amanna el al. (E = 59). Nejnéérybavenou
byly u¢ebnice Kotlika a BZickoveé (E = 31).

V ramci obsahové analyzy byly popsany jednotlikébnice se zagiienim na popis
formy a obsahu, rozsahu, jazykové stranky a vyskiitiovych pojnii. Ucebnice Amanna et
al. a Banyra a BeneSe obsahovaly &énéledovanych pojin nez vytvdeny webni text.
Ostatni @ebnice statistickou zavislost nevykazovaly.

Na obtiznosti tebnic se prawpodobrt vyznamr podili zandieni webnice pro
urcity obor a cilova skupina zék Jak ovSem vyplyva z porovnani obtiznosti vybranéh
tématu a celé aebnice, nositelem obtiznosti bude spiSe autor fuidebnice nez obsah
textu. Lze tedy tvrdit, Ze audfoucebnic mohou analyzou zr@mych parameftr obtiZznosti
ucebnice a jejich Ppadnou korekci dosahnout jeji nizSi obtiznostiim 1 snazsSiho

porozungni prezentovanéhciiva.



Vysledky analyzy prekoncepfotosyntézy a struktury sachaiigsou popsany formou

rozboru odpo¥di Zaki na jednotlivé otazky v didaktickém testu. Vyslediyazuji, Ze Zaci
strednich Skol neaplikuji ziskané poznatky o fotosymtéa problematiku globalnich #m
klimatu. NefasgjSi miskoncepce pojmu fotosyntéza ziskaghemn Skolni vyuky se tyka u
Z&ki stredni Skoly piibé¢hu primérni nebo sekundarni faze fotosyntézy a omsépce ziskana
béhem kEZného Zivota je chpéni fotosyntézy a dychani gg@nych proces.

Analyza prekoncefit struktury sacharid prokazala, Ze s@asné vyuZivani

Haworthovy a Fischerovy projekce je pro zaky matoaiqyilis abstraktni. Zaci za#iuji
vzajemré ob projekce a vnimajitzné projekce struktury totoZnych sacharjdko tizné
chemické latky. Byla nalazena zavislost mezi pauwgitprojekci (Haworthova nebo
Fischerova) p kresleni vzorce glukozy, dalgirceni typu sacharidu podle ¢a uhliki, pri
uréeni typu sacharidu podle tvaru cyklické struktyny,cislovani atom uhliku v molekule a
pii vyznaieni chiralnich uhlik.

Ve vytvareném @ebnim textu byla snaha omezit vyuzivani Fischerpwyjekce,
neba se ukazala ¢hem testovani pro Zaky obti&si a je na sedni Skole vyuzivana i
v biologii. Z hlediska obsahu by ro¥h bylo vhodwjSi chemii sacharitl a jejich
metabolismus na igdni Skole orientovat vice na vlastnosti sactiarjpraktické vyuZziti
v béZném Zivot a vyskyt kolem nés, nez na studium optickych viasti a stereoizomerie.

5. Zawer
Na z&aklad provedené rozséhlé reSerSe zilrdjkajici se analyzy debnic a
prekoncept a ziskanych vysledk komplexni analyzy &ebnic a prekoncept vybranych
biochemickych pojr a jejich diskuze vyplynuly nasledujici zay:
* byl vytvoren webni text se statisticky vyznaghmizSi syntaktickou, sémantickou a
celkovou obtiznosti a vySSi sémantickou distantntesttu, nez je u textu tématu

sacharidy a jejich metabolismus ve vybrany¢ahmicich

Dale bylo prokazano, Ze:

» ucebnice s niz8im vyskytem sledovanych pojpgkazuji také nizZsi obtiZznost textu

» didakticka vybavenost a sémanticka koherence sé&hniho textu a textu vybranych
ucebnic nelisila

e hlavnimi nositeli parameir obtiznosti debnic jsou autd, nez ztvariny obsah

v ué¢ebnici a autti mohou dosahnout jejich niZSi obtiznosti



* metodiku Nestlerova-Rcha-Pluskal lze vyuZit nejen na celéehnice, ale i na dii
tematické celky se stejnymi vysledky

o zakovska pojeti pojmu fotosyntéza jsou zatizenaSinemnozstvim miskoncepci, nez
prekoncepty struktury sachaiid

» U zaki sttednich Skol existuji vyznamné miskoncepce struksagharid

* je vhodrjSi vyuzivat pouze jeden typ projekce zndmgici strukturu sacharid
(Haworthovu projekci, ktera vykazovala vyznammizSi chybovost u polozek
didaktického testu)
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1. Introduction

The submitted doctoral thesis is focused on therthand analysis of instructional
texts creation. The chosen topic relates to tHd 6€&biochemistry focusing on carbohydrates
and their metabolism. The basic approach for theeaeh has been described in the
theoretical part. It is aimed at the detailed deson of textbook function and its creation,
the survey of information regarding student preemtions and the possibilities of their use in
teaching. The textbook research in the Czech Repwrd abroad and the knowledge
obtained by studying resources are also listed.dBE@led characterization of the structure of
textbooks and the parameters describing the texsabioolbooks (difficulty, structure,
semantic links, educational equipment etc.) aruded, as well as the summary of existing
results. The overview of issue concerning the ubetegtbooks in teaching from the
perspective of students, teachers and publisheatstten position of carbohydrates topic in

curriculum are listed at the end of the theoretpzat.

2. Aim of the study

The main goal of this dissertation is to providenptex and broad view of textbooks
analysis and to link gained knowledge with the ficat creation of schoolbooks. The
creation of an instructional text follows the rasubf the comprehensive analysis of
carbohydrates topic and their metabolism in chosextbooks and the analysis of
preconceptions. These objectives of the dissentatiere determined:

* to compile a comprehensive review of available weses relating to textbooks and
analysis and preconceptions and possibilities efr thnalysis and use in teaching and
analysis of curricula focusing on carbohydrates thett metabolism

* to determine the parameters of text difficulty, s@tic coherence and distance, didactic
equipment and to carry out the conceptual anabfsselected textbooks

« to analyse preconceptions and misconceptions of ténen photosynthesis and the
structural formulas of carbohydrates representetH@yorth’s and Fischer’s projections
by secondary school students

* to create an instructional text for the teachingtloé topic carbohydrates and their
metabolism that should provide an alternative totemporary textbooks and which will
respect current pedagogical, methodological andhgsgidactic findings and the research
results in this thesis
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* to analyse the same parameters in the createdudtistral text, to compare and to
evaluate the results of the instructional text witie outcomes of selected textbooks

analysis

3. Methods

The practical part of this dissertation includegesal partial studies differing in the
nature of research problem (they include desceypdind relational research). On that account,

the used research methodology was divided intethrain parts:

The first phase: THE ANALYSIS OF TEXTBOOKS
a) Descriptive research:

- the analysis of the parameters regarding the tbfficulty in the thematic unit of
carbohydrates and their metabolism, in the seleteeiibooks and the instructional text, the
analysis of semantic coherence and distance asaseilidactic equipment and conceptual
analysis

b) Relational research:

- the comparison of analysed parameters in thédekss from the descriptive research by the

created instructional text and the thematic unitarbohydrates in textbooks

The second phase: THE ANALYSIS OF PRECONCEPTIONS

a) Descriptive research:

- the analysis of preconceptions and misconceptidarbohydrates structure represented by
Haworth’s and Fischer’s projection
b) Relational research:

- the comparison of preconceptions and misconceptiof carbohydrates structure

represented by Haworth’s and Fischer’s projection

The third phase: THE CREATION OF AN INSTRUCTIONAL T EXT
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The research material and the tools for the analysiof textbooks
The most commonly utilized textbooks of chemisdtysecondary schools (grammar
schools and natural science lyceum that containtiibenatic unit carbohydrates and their

metabolism) were used for the analysis. Theseharéeiktbooks:

+ AMANN, W., EISNER, W., ET AL. (pekl. SVOBODA, J., KRATOCHVIL, B.).
Chemie pro gedni Skoly 2b2000.

* BANYR, J., BENES, P., ET ALChemie pro sedni Skoly — obecna, anorganicka,
organicka, analyticka a biochemik. vyd., Praha: SPN, 1997. ISBN 80-85937-46-8

« CARSKY J., KORRIVA J., ET AL. Chemie pro lIl. rénik gymnazii 2. vyd., Praha:
SPN, 1990. 256 s. ISBN 80-04-24922-1

+ KOLAR, K., KODICEK M., ET AL. Chemie Il. pro gymnazia organicka chemie a
biochemie2. vyd., Praha: SPN, 2005. 128 s. ISBN 80-7235283-

« KOTLIK B., RUZICKOVA K. Chemie v kostce Il. pro/sdni Skoly2. vyd, Havligkav
Brod: Fragment, 2001. 135 s. ISBN 80-7200-342-9.

+  MARECEK, A., HONZA, J.Chemie prattyfletd gymnazia - 3 dill. vyd., Olomouc:
Nakladatelstvi Olomouc, 2000. 250 s. ISBN 80-7182-0

« VACIK, J., BARTHOVA, J., ET AL.Psehled stedoskolské chemid. vyd., Praha:
SPN, 1996. 368 s. ISBN 80-85937-08-5

+ VODRAZKA, Z. Biochemie pro studenty/stnich $kol a viechny, které 1aka tajemstvi
Zivé prirody. 1.vyd., Praha: Scientia, 1998. 161 s. ISBN 8037083-6.

« PEC, P., PEOVA, D. Uc¢ebnice stedoskolské chemie a biochemie vyd., Olomouc:
Nakladatelstvi Olomouc, 2001. 518 s. ISBN 80-7182-Q

 The created learning text about the thematic unit b carbohydrates and their

metabolism

The methodology of the complex degree of text clify (T) selected by the method
Nestlerova-Rrcha-Pluskal (consisting of syntactic, semantic amdrall difficulty, density
coefficient of expert information from the total mber of words and the total humber of
concepts), semantic coherence and distance, thetaticequipment of textbooks, content and

conceptual analysis.
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Research group and the tools for the analysis of pconceptions:

245 students of the®or 4" grade of their study at secondary schools tookipahe
research of preconceptions. Nine secondary sch{godsnmar schools and natural science
lyceum) from the whole Czech Republic participatethe study. A didactic test served as a
research tool and it was prepared according tautes defined by Chraska (2007). Closed
test items prevailed and they were supplementethéytems of half-closed and open type.
The first part of the test was focused on the amalpf chemical structural formulas of
carbohydrates preconceptions (five questions). S@oend part of the test consisted of eight
questions aiming at the analysis of the term phyoitbesis. The distribution took place from
March to May 2012.

Statistical data processing

The verification or falsification of appointed hyheses requires statistical data
processing. Statistical evaluation of the signiima was always done in the programme
STATGRAPHIC Centurion XVI., version 16.1.11. (32)biStatPoint Technologies Inc. The
graphs were created in spreadsheet MS EXCEL 200@r¢bbft, Corp., 2007). Two-sided
Fisher-Snedecor F-test, Student t-test and theofaatlependence chi-square for PivotTable

(according to Chraska, 2007) were used as statiistiethods.

Research material and the tools for the analysis gfreconceptions:

The instructional text was created to respectéisalts of the analysis regarding both —
textbooks and preconceptions in this doctoral thasiwell as modern trends in the creation
of printed textbooks with the emphasis on popuiagzand attractiveness of biochemistry,
which is generally perceived as a difficult subjetter. Also the application of everyday life
findings, historical points of interest, motivatiand activation elements. Subsequently, the
same analysis of difficulty, didactic equipmentvasl as content and concepts were carried
out in the created instructional text. The gainesults were compared with the outcomes
obtained by the analysis of the thematic unit chybloates and their metabolism in selected

textbooks of chemistry for secondary schools.

4. Results and discussion

The results of textbooks analysis showed that olneest difficulty was found in the

textbook of Banyr and Bene$, while the highesialiffy proved Vodrazka’s textbook. It was
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confirmed that the created instructional text loagelr value of semantic, syntactic and overall
difficulty than the average value in the texts beiog to the thematic unit carbohydrates and
their metabolism in selected textbooks. From tlevpioint of other parameters, statistically
significant differences were not found out. It walso shown that it is possible to use the
methodology Nestlerova-trha-Pluskal not only in entire textbooks, but disothe partial
topics of sufficient range, because statisticaliyicant differences between the difficulty of
thematic unit carbohydrates and their metabolisrd aentire textbooks were not proved.
During the evaluation of semantic distance, siatly significant difference between the
created instructional text and reference textbawks found out, while statistically significant
differences were not found out when dealing witlmaetic coherence. The results are

summarized in the Table number 1.

Table n. 1.: The results of analysis concernimgaverall text difficulty and the comparison

with the instructional text.

— —~ 2 —
el gl | _+ = S|lgg |88
RE|GE|CE|°8|°g|o5| 2L

o S o o S &) ©
BANYR, J., BENES, P., ET AL] 10,91| 15,63 26,54 11,98 37,99 043 2.p2
VACIK, J., ET AL. 12,98| 23,61 36,59 14,85 39,14 50 | 2,19
KOLAR, K., KODICEK M. 14,47| 17,20 31,67 14,60 4548 0,57 1,83
MARECEK, A., HONZA, J. 13,77| 17,76/ 31,53 11,82 34,65 0,39 1,90
PEC, P., PEOVA, D. 14,44| 20,50 34,94 14,21 40,78 0,58 2,82
CARSKY, J., ET AL. 15,12| 21,75 36,87 13,54 37,02 0,40 2,86
KOTLIK, B., RUZICKOVA, K. | 14,18 | 25,21| 39,39 14,98 38,21 0,40 249
VODRAZKA, Z. 17,45| 26,50 43,95 16,24 41,45 0,67 2,08
AMANN, W., ET AL. 14,56 | 18,23 32,79 12,74 37,46 56,| 2,20
Mean values 14,21 | 20,71 | 34,92 | 13,88 | 39,13 | 0,51 | 2,23
The created learning text 11,82 | 18,01 | 29,83 | 12,28 | 3547 | 0,50 | 1,81

'F-test: F = 36,89; P = 0,00tttest: t = 4,35; P = 4,3.10
’F-test: F = 0,86; P =0,65-test:t=1,08; P=0,16
3Ftest: F=0,5; P =0,88t-test: t=0,76; P = 0,24
*F-test: F = 1,35; P=0,04ttest.:t=1,73; P =0,04
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During the analysis of didactic equipment, no delesice between the created
instructional text and selected textbooks were dowat. From the viewpoint of overall
didactic equipment, the Ammann’s (E=59) textboosved to be the best equipped one. The
textbook written by Kotlik and &ickova (E=31) was assessed as the least equipped.
Individual textbooks were described in the termghafir form and content, range, language
aspects and the occurrence of key terms. AmmarexXtbdok and Banyr and BeneS$'s
textbook contained less referred terms than thatedeinstructional text. Other textbooks did
not show statistical dependence.

The difficulty of textbooks is probably significapntinfluenced by the fact what kind
of students are those schoolbooks intended fdd(G&study and the target group of pupils).
Nevertheless, according to the difficulty companisof the chosen topic and the entire
textbook, the main carrier of difficulty is rath#re author than the textual content. So it is
possible to claim that the authors of textbooksreach lower difficulty (and in this way also
better understanding of presented subject matterthe® schoolbooks by the analysis of

mentioned parameters and their potential correction

The results of the analysis of preconcepti@®tosynthesis and the structure of

carbohydrates are described by the method of stwadewers to individual questions in the
didactic test. The results show that secondary dgbiapils do not apply the knowledge of
photosynthesis on the issue of global climate chamfe most common misconception of the
term photosynthesis gained in the process of scigpotlates to the primary and secondary
phase of photosynthesis and its topic in the umaiedeng of secondary school students. The
misconception gained during daily life is represenby the understanding of photosynthesis

and breathing as reverse processes.

The analysis of carbohydrates structure preconmepfiroved that the current use of

Haworth’s and Fischer’s projection is too confusiugd abstract for the students. Pupils
mutually confuse both projections of identical ecdnpdrates as different chemical substances.
Various dependencies have been found: betweensi type of projection (Haworth’'s or
Fischer’s), when drawing the chemical formula oficglse, in determining the type of
carbohydrate by the number of carbon, in determginire type of carbohydrate according to
the shape of cyclic structure, in the numberingasbon atoms in the molecule and during the

indicating of chiral carbons.
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The effort to reduce Fischer's projection was omehe goals when creating the
instructional text, because this method provedetonore difficult for the pupils during their
testing. It is also used in high school biologyorarthe perspective of content, it would be
more suitable to orient carbohydrates chemistry dredr metabolism to properties, the
practical use of carbohydrates in everyday life tiail occurrence around us than to focus it

on optical properties and sterecisomerism.

5. Conclusion

Following conclusions emerged from the extensiveeaech resources concerning the
analysis of textbooks and the preconceptions oécsetl biochemical terms and their
discussion:

o the instructional text with statistically signifitelower syntactic, semantic and overall

difficulty and higher semantic textual distancea(thit is in the texts of the topic

carbohydrates and their metabolism in selectedddbboks) has been created

It has also been proved that:

o the textbooks with the lower occurrence of pursgedcepts also show the lower
difficulty of the text

o didactic equipment and semantic coherence doediffiet in the instructional text and
in the selected schoolbooks

o authors are the main carriers of the difficultygraeter of textbooks (not the featured
content in schoolbooks); the authors can achiewenddifficulty of textbooks

o the methodology Nestlerovaifeha-Pluskal can be used not only in entire textbpok
but also for partial thematic units with the samesults

o student conceptions of the term photosynthesisl@ded with lower number of
misconceptions than the preconceptions of carbahgdrstructure

0 secondary school students prove significant miseptions of carbohydrates
structure

0 it is more suitable to use only one type of progttrepresenting the structure of
carbohydrates (and it is Haworth’s projection, hseait showed significantly less

errors in the didactic test items)
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