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EDITORIAL

Specialni ¢islo ¢asopisu Scientia in educatione nazvané ,,Srovnavaci studie matema-
tického a pfirodovédného vzdélavani v Ceské republice a ve vybranych evropsk§ch
zemich® se zamétfuje na porovnani pristupi ke vzdélavani v matematice a ptirodo-
védnych oborech. Celkem osm ¢lankt prinasi fundované informace o podobnostech
a rozdilech tykajicich se zarazeni matematiky a prirodovédnych oborti do struktury
narodnich kurikul, hodinovych dotacich pro jednotlivé vzdélavaci obory ¢i informace
o metodach a pristupech ke vzdélavani pro troven nizsiho sekundarniho vzdélavani.
Autofi rovnéz detailné analyzuji vzdélavaci obsah prirodovédnych oborii a matema-
tiky ve vybranych kurikulech.

Clanky autorskych tymfi pod vedenim Vlasty Moravcové, Terezy Jedlickové,
Petra Kacovského, Jany Poupové a Evy Stratilové Urvalkové se zaméfuji na porov-
nani matematickych a ptirodovédnych kurikul Ceské republiky s kurikuly Slovinska,
Estonska a Polska. Jedna se o zemé s podobnym kulturnim a historickym vyvo-
jem, které se v mezinarodnim Setfeni PISA umistuji v matematické a prirodovédné
gramotnosti nejen statisticky vyznamné nad primérem zemi OECD, ale také nad
vysledky Ceské republiky. Clanky pfedstavuji unikatni soubor studii, nebot ana-
lyzuji matematiku a téméf vsechny ptirodovédné obory — fyziku, geologii, chemii
a piirodopis obsazené ve vzdélavaci oblasti Clovék a piiroda ¢eského narodniho ku-
rikula. Clanek Jakuba Holce vénuje pozornost analjze vybranych témat biologického
vzdélavani v pojeti narodnich kurikul Skotska a Anglie, a pfinasi tak dalsi stiipek
poznani v oblasti vzdélavani v prirodopisu. VSechny ¢lanky mohou byt inspiraci pii
uvazovani o narodnim kurikulu v danych oborech.

Kromé komparativnich studii specialni ¢islo mapuje vyvoj vzdélavani v matema-
tice a piirodovédnych oborech v Ceské republice v poslednich tficeti letech. Cilem
¢lankt autorskych tymi vedenych Svatavou Janouskovou a Jarmilou Robovou je
ukazat vyvoj paradigmat vzdélavani v téchto oborech na zékladé kvalitativni analyzy
relevantnich strategickych a koncepcnich dokumenttt Ministerstva skolstvi, mladeze
a télovychovy Ceské republiky. Oba tyto ¢lanky sumarizuji dilezité milniky v ma-
tematickém i prirodovédném vzdélavani, které mohou pomoci pfi orientaci odborné
vefejnosti i decizni sféry v tivahach o dalsim sméfovani matematického a ptirodo-
védného vzdélavani.

Informace a poznatky publikované v tomto specialnim c¢isle ¢asopisu mohou byt
vychodiskem pro dalsi vyzkumy v dané oblasti. Vétsina ¢lankt je napsana v anglic-
kém jazyce, a mize tedy zasdhnout Sirsi ¢tenarskou obec a poskytnout i zahrani¢nim
¢tenaitim zakladni prehled o situaci v pfirodovédném vzdélavani z hlediska kurikula
v Ceské republice.

Svatava Janouskova
Leos Dvorak
Nada Vondrova
editori



EDITORIAL

A special issue of the Scientia in educatione journal entitled “Comparative Study
of Mathematical and Science Education in the Czech Republic and in Selected Eu-
ropean Countries” focuses on comparing approaches to education in mathematics
and science. A total of eight articles provide well-founded information about the
similarities and differences related to the inclusion of mathematics and science in
the structure of national curricula, hourly allocation for individual fields of study or
information on methods and approaches to education at lower secondary level. The
authors also analyse in detail the educational content of science and mathematics
in selected curricula.

Articles by the author teams led by Vlasta Moravcova, Tereza Jedlickova, Petr
Kaécovsky, Jana Poupova and Eva Stratilova Urvalkova focus on comparing the
mathematical and science curricula of the Czech Republic with those of Slovenia,
Estonia and Poland. These countries all share similar socio-cultural historical de-
velopments, and yet in the international PISA survey Slovenia, Estonia and Poland
rank not only statistically significantly above the OECD average in the mathemati-
cal and scientific literacy, but also above the Czech Republic. The articles represent
a unique set of studies, as they analyse mathematics and almost all scientific disci-
plines — physics, geology, chemistry and biology contained in the educational area
Man and Nature of the Czech national curriculum. The article by Jakub Holec
pays attention to selected topics in biological education in Scotland and England’s
national curricula, thus expanding knowledge in the field of biology education. The
contribution to the Special Issue provides inspiration for thinking about the re-
lationships and balance between the particular disciplinary fields in the national
curriculum.

In addition to comparative studies, the Special Issue maps the development of
education in mathematics and science in the Czech Republic over the past thirty
years. The aim of the articles by the authorial teams, led by Svatava Janouskova and
Jarmila Robova, is to show the development of education paradigms in these fields
based on a qualitative analysis of the relevant strategic and conceptual documents of
the Ministry of Education, Youth and Sports of the Czech Republic. Both of these
articles summarize important milestones in mathematical and science education,
and can serve to orient the professional public and decision-makers in the process of
considering the direction and development of mathematical and science education.

The information and knowledge published in this Special Issue may provide
the basis for further research in the field. Most articles are written in English for
wider audience accessibility and provide foreign readers with a basic overview of the
situation in science education regarding the curriculum in the Czech Republic.

Svatava Janouskova
Leos Dvorak
Nada Vondrova

editors
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Abstract

Results from the PISA international surveys in 2012 and 2015 show that the performance
of Czech pupils in mathematics was statistically comparable with the OECD average.
However, in the long-term comparison, the results appear to have statistically worsened in
the Czech Republic. The PISA score of other European countries with similar economies
in terms of GDP and common historical-cultural development, namely Estonia, Poland,
and Slovenia, was higher or even significantly higher. The search for the causes of this
leads, among other things, to the study of the mathematics curricula of these states.
Our paper gives a brief overview of the education systems of the selected countries, while
also conducting a qualitative comparative analysis of relevant curriculum documents for
lower secondary education. We place emphasis on the differences between the Czech
curriculum and the curricula of the other countries. This is explored with the overall
aim of formulating educational objectives pertaining to mathematics learning, the subject
matter and its division, and required learning outcomes. In the last chapter we present
the most significant differences (the lowest number of mathematics lessons, the absence of
general mathematical goals and competencies, the lack of emphasis on home preparation
of pupils, the absence of unified testing and insufficiently detailed learning content and
outcomes), which could be an inspiration for improving the Czech mathematics curriculum.

Key words: ISCED 2, curriculum, comparative education, mathematics education.

Porovnani piistupu Ceské republiky
a vybranych zemi k vyuce matematiky
na urovni nizsiho sekundarniho vzdélavani
z pohledu kurikularnich dokumentu

Abstrakt

Ve srovnéavacich testech PISA z let 2012 a 2015 vysledky zakti Ceské republiky v testovani
matematické gramotnosti odpovidaly priméru zemi OECD, v dlouhodobém srovnani se
tyto vysledky mirné zhorsuji. Jiné evropské staty se srovnatelnym HDP a podobnym



socialné-kulturnim vyvojem, konkrétné Estonsko, Slovinsko a Polsko, v8ak dosahuji v uve-
denych letech nepatrné ¢i vyznamné lepsich vysledkti. Patrani po pfi¢inach tohoto rozdilu
vede mimo jiné ke zkoumani kurikula matematiky téchto statt. V prispévku predkladame
struény prehled vzdélavacich systémt vybranych zemi a kvalitativni srovnavaci analyzu
prislusnych kurikularnich dokumentt pro nizsi sekundarni vzdélavani. Diraz je kladen na
odlinosti od kurikula Ceské republiky zejména s ohledem na formulace cilii, fazeni a obsah
uliva a pozadované vystupni trovné zakt. V posledni kapitole uvadime nejvyznamné;jsi
zjisténé rozdily (nejnizsi pocet hodin vyuky matematiky, absence obecnych matematic-
kych cilid a kompetenci, chybéjici diiraz na doméci piipravu, absence jednotného testovani
a nedostate¢né podrobny obsah a vystupy vzdélavani), které by mohly byt inspiraci pro
zkvalitnéni ceského kurikula matematiky.

Kli¢ova slova: ISCED 2, kurikulum, srovnavaci pedagogika, vzdélavani matematice.

The contribution compares four countries in the European Union with the common
historical-cultural development: the Czech Republic, Estonia, Poland, and Slovenia.
The selected countries passed through similar historic events in the 20** century —
experienced a number of war conflicts, were occupied several times, their borderlines
changed many times. The situation stabilized after the Second World War. After-
wards, all four countries fell within the Soviet sphere of influence (Estonia was part
of the Soviet Union) and their economies were centrally planned and tightly linked
to the Soviet Union. At the turn of the 1980s and 1990s, the economic systems were
changed to a market economy and the systems of government became democratic.
In consequence of forty-some years of centrally planned economies the selected coun-
tries have similar economic problems — they lag further behind the most developed
countries in the European Union and the economies recover slowly. These facts are
obvious from the National Average Wage and from Gross Domestic Product (GDP),
that was 89% in the Czech Republic, 77% in Estonia, 70% in Poland and 85% in
Slovenia in 2017! (Eurostat, 2017a, b). Education directly affects economic growth
and vice versa.

All four countries joined the OECD (the Organization for Economic Co-ope-
ration and Development) — the Czech Republic in 1995, Poland in 1996, Estonia
and Slovenia in 2010. As member countries of the OECD, they started monitor-
ing and measuring the educational outcomes because these may have an impact on
the economic growth of the country. The most significant global education survey
by OECD countries is PISA, (Programme for International Student Assessment).
Another significant international long-term monitoring of education is organized by
IEA (International Association for the Evaluation of Educational Achievement). It
conducts a number of comparative studies of cross-national achievements, among
them TIMSS (Trends in International Mathematics and Science Study) which in-
cludes testing in mathematics.

PISA is a triennial international survey first conducted in 2000 which is aimed
at the evaluation of education systems worldwide by testing the skills and knowl-
edge of 15-year-old pupils. Pupils are assessed in science, mathematics, reading,
collaborative problem solving and financial literacy. The PISA assessment is always
focused on one of the domains mentioned above to which is given greater emphasis.
Mathematical literacy was the focus of the PISA survey in 2003 and 2012. It is

1100% is the average of EU.
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interesting that the results of Czech pupils in 2012 are the worst in comparison to
the pupils’ results of other monitored countries (OECD, 2014a, b), whereas in 2003
Czech pupils were significantly more successful than Polish ones? (OECD, 2004).

The other PISA surveys included mathematics problem solving as minor areas
of assessment. The latest results in mathematics from PISA 2015 for the Czech
Republic were the same as in 2012 — the worst result among the selected countries
and just above the OECD average (OECD, 2018).

TIMSS is an international assessment of mathematics and science. TIMSS data
have been collected every four years since 1995 at the 4" and 8" grades of basic
schools. The scope of our interest is the results of the 8" grades. From the selected
countries only the Czech Republic and Slovenia are participating in TIMSS. The
Czech Republic tested 8% grades in TIMSS 1995, 1999, and 2007; the results show
declines since 1995. Slovenian grade 8 pupils were tested in TIMSS 1999, 2007,
2011 and 2015. The first two results show a decline since 2007, when the results of
Slovenian and Czech pupils were statistically comparable, while the performance of
Slovenian pupils has been improving (Martin et al., 2008; Mullis et al., 2012, 2016).

The worsening of Czech pupils’ results in international surveys and their com-
parison with the pupils’ results in Estonia, Poland, and Slovenia lead us to reflect
on possible causes and to look for the differences in approaches to mathematics edu-
cation. One aspect of mathematics education is the mathematics curriculum. So we
asked ourselves: What are the correspondences and differences in the national cur-
riculum documents for lower secondary education (ISCED 23) of the Czech Republic,
Estonia, Poland and Slovenia?

1 THEORETICAL FRAMEWORK

Comparative education was established as an international comparison of different
education systems in several countries with the intention of gaining knowledge about
the possibilities for improvement (Walterova, 2006). The curriculum is one of the
main aspects of comparative education. According to the three-dimensional model
for identifying various loci of comparative studies by Bray and Thomas (1995), we
focus only on a very specific area — the national mathematics curriculum of four
European countries by which pupils of lower secondary schools are educated.

A number of Czech research studies have been conducted in the past describing
or comparing education systems in different countries (for example Jezkova et al.,
1996; Jezkova & Walterové, 1997). The first of these publications includes chapters
devoted to Poland and Slovenia. Currently, we can use OECD* and Eurydice®
publications which are mapping the education systems of EU countries with respect
to different indicators. However, we do not know of any publication which compares
the mathematics curriculum of the Czech Republic with any of the selected countries.

Walterova (1994) dealt with the issue of Czech curriculum in the international
context. She described the international comparison of education as a hidden di-
mension in creating the key curriculum document National Programme for the De-
velopment of Education, i.e. a White Paper (MSMT, 2001), which was the starting

2Estonia and Slovenia did not participate in PISA 2003.

3 According to the International Standard Classification of Education (CSU, 2008; UNESCO,
2018).

4https: //www.oecd-ilibrary.org/

Shttps: //eacea.ec.europa.eu/national-policies /eurydice/publications_cs
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point of the curriculum reforms in the Czech Republic after 2000. Walterova defined
the curriculum in a broader context and presented the individual components of the
curriculum documents. She also highlighted one of the trends in European countries
in the 1990s — the transition to a participative model of curricular policy, i.e. shift-
ing the responsibility for curriculum development from the state to the individual
schools. This trend was related to the decentralization of education and to increased
school autonomy. It manifested itself in all selected countries when they entered the
European Union. These changes are described for example by Cerych et al. (1999)
in the Czech Republic, by Karc (2003) and Wisniewski (2007) in Poland, and by
Walterova (2006) or Janik, Manak and Knecht (2009) in general.

The means of uncovering problems in the curriculum is international testing
(Walterovéa, 2006). Therefore, the decreased success rate of Czech pupils in the
PISA and TIMSS surveys and the comparison of their results with the pupils of
Estonia, Poland and Slovenia lead us to analyze the mathematics curriculum of
these countries. The core of individual testing is different.

PISA is aimed at the evaluation of mathematical literacy, i.e. what pupils have
learned for their future lives. Mathematical literacy has been already defined in
2003 as follows® (OECD, 2004: p. 26): The capacity to identify and understand the
role that mathematics plays in the world, to make well-founded judgments and to
use and engage with mathematics in ways that meet the needs of that individual’s
life as a constructive, concerned and reflective citizen. Fig. 1 shows mathematical
literacy in the context of a challenge or problem that arises in the real world. The
inner box depicts the mathematical modelling cycle of the stages through which
a problem solver moves when exhibiting mathematical literacy.

@allenge in real world context \
Mathematical content categories: Quantity; Uncertainty and data; Change and relationships;

Space and shape

Real world context categories: Personal; Societal; Occupational; Scientific

/Mathematical thought and action h
Mathematical concepts, knowledge and skills
Fundamental mathematical capabilities: Communication; Representation; Devising strategies;
Mathematisation; Reasoning and argument; Using symbolic, formal and technical language and
operations; Using mathematical tools

Processes: Formulate; Employ; Interpret/Evaluate

Problem Formulate Mathematical
in context problem
Results Mathematical
in context results
NS )

Fig. 1: The PISA model of mathematical literacy (OECD, 2013a: p. 26)

The TIMSS mathematics assessment is based on a content dimension (the topic
areas or subject matter to be assessed within mathematics) and a cognitive dimen-
sion (thinking processes of pupils to be engaged while solving mathematics prob-
lems). In addition to TIMSS tests, pupils, pupils’ parents, teachers and school
principals complete the specific questionnaires. TIMSS follows a variant approach
to the curriculum changes (Janik et al., 2010: p. 13; Maiiak, Janik & Svec, 2008:
p. 21; Walterova, 2006: p. 199), i.e. TIMSS curriculum model is based on three
aspects: the intended curriculum, the implemented curriculum, and the achieved

6In 2012 the definition was slightly modified (OECD, 2013a: p. 25).
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National Social
and Educational Icn:frincﬂ?udm
Context

School, Teacher
and Classroom
Context

Implemented

Curriculum

Student
Outcomes and
Charactertistics

Attained

Curriculum

Fig. 2: The TIMSS curriculum model (Mullis et al., 2001: p. 3)

curriculum, see Fig. 2. The intended curriculum is examined primarily through the
analysis of syllabi and the most widely used textbooks. The subject matter which is
taught in all participating countries is tested. Information about the implemented
and the achieved curriculum are obtained from the questionnaires completed by
pupils and teachers and from the pupils’ tests (Walterova, 2006).

Strakova (2015) sees the aim of PISA surveys in influencing educational policy
and the main purpose of TIMSS surveys as pedagogical research. Walterova (2006)
sees the importance of TIMSS surveys in obtaining the basis for the determination
of educational policy goals and in the possibility of following international trends
in education. Teachers consider the decreased success rate of Czech pupils in inter-
national testing as one of the reasons for changing current curriculum documents
(Janik et al., 2011).

It is necessary to realize that the curriculum is a very broad term. For instance,
Walterova (1994) or Matidk, Janik and Svec (2008) provide possible definitions and
classifications of the curriculum. In our research, we analyze only the official national
documents of intended curriculum in which we can find among other things the
learning content, time allotment, and educational goals and objectives.

Prucha (1999, 2012) considers comparing the learning content in school education
of different countries as a necessity because the curricular policy is not a matter of
a single country but it is becoming a subject matter of international interest and
cooperation. He also points out that the educational content can be represented
not only with the choice of school subjects and learning content but also with the
time allotment for the individual educational areas. The goals of school education
are an integral part of the curriculum documents. The curricula can be modernized
and improved by analyzing them in the context of the content acquisition process.
Janik, Manak and Knecht (2009: p. 17) classify educational goals and objectives
vertically by means of a goals pyramid — the highest are aims (reflecting the ideals
of civilization and culture), then general goals (more specific content of education)
and objectives (learning outcomes of the individual subjects) follow and their further
specification. Bloom’s taxonomy of Educational Objectives which was updated by
Anderson, Krathwohl et al. (2001) is important for the formulation of objectives.

In this paper, we deal only with mathematics content and objectives and the
general goals that are closely related to mathematics with the aim of comparing
national curriculum documents for lower secondary education of the Czech Republic
and other monitored countries. We mainly focus on differences in above-mentioned
items and in other aspects of mathematics teaching.

Scientia in educatione 8 10(3), 2019, p. 4-32



2 THE EDUCATION SYSTEMS

The education systems in all four countries consist of pre-primary, basic, secondary,
and tertiary education. The systems are slightly different regarding further division
and time organizing. We will describe and compare the systems in this subsection
with the emphasis on basic education which represents the scope of our interest.
The education systems which we explore were followed up to 2016. The education
systems with a focus on basic education of all four countries are schematically il-
lustrated in Fig. 3 (MER, 2018a; MESS, 2018; MNE, 2018; MSMT, 2018b; MSMT,
2007).
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Fig. 3: Education systems in the Czech Republic, Estonia, Poland and Slovenia

Scientia in educatione 9 10(3), 2019, p. 4-32



The Czech and Slovenian compulsory basic education starts at the age of six,
the Estonian and Polish at the age of seven. Estonia, Poland”, and Slovenia have
a three-stage basic education; Czech basic education is divided into two stages.

According to the International Standard Classification of Education (UNESCO,
2018), the scope of our interest is the second level (ISCED level 2) i.e. lower sec-
ondary education.

The third stage (grades 7 to 9) is considered as lower secondary education in
Estonia, Poland, and Slovenia. In Poland, lower secondary education is covered by
the gymnasiums (junior high schools) [gimnazjum]. Lower secondary education in
the Czech Republic is the second stage of basic education (grades 6 to 9) and can be
also realized in six-year gymnasiums (grades 8 and 9) or in eight-year gymnasiums
(grades 6 to 9).

3 ANALYSIS OF NATIONAL CURRICULUM DOCUMENTS

The monitored countries entered the European Union in 2004 which significantly
affected their approaches to education and curriculum documents. They imple-
mented a two-level participative model of curricular policy according to the Euro-
pean Union’s Member States. At the first level the binding national curriculum
frameworks are developed, so-called national core curriculum; at the second level,
the individual schools define the detailed school educational programmes by them-
selves, so-called school curriculum (Cerych et al., 1999). All schools are required to
follow the national curriculum. The school curricula of the individual schools can
differ with respect to the local conditions of a particular school; thus, their compar-
isons on an international scale dwindle in importance. Therefore, the scope of our
interest is only the national curriculum.

3.1 GENERAL DESCRIPTION

The key document of the national curriculum in the Czech Republic has been
the Framework Educational Programme for Basic Education (FEP BE) [Rdmcovy
vzdéldvact program pro zdkladni vzdéldvdni) since 20058 (MSMT, 2007, 2017). The
FEP BE is an open document which is periodically updated. We compare this doc-
ument to the corresponding documents of Estonia — National curriculum for basic
schools [Péhikooli riiklik 6ppekava) (HTM, 2011, 2014), of Poland — Podstawa pro-
gramowa ksztatcenia ogolnego dla gimnazjow i szkol ponadgimnazjalnych, ktorych
ukonczenie umozliwia uzyskanie Swiadectwa dojrzatosci po zdaniu egzaminu matu-
ralnego (MEN, 2008), and of Slovenia — Osnovo $olstvo (MIZS, 2018a).

3.2 LEARNING AND EDUCATIONAL GOALS AND OBJECTIVES

The learning and educational goals and objectives are first defined in general and
second specifically regarding the concrete educational areas in the national curricula
of the selected countries, i.e. related to the learning content of the educational area.
We will focus on the learning and educational objectives both in general and in the
educational area with respect to the subject mathematics.

"The ongoing reform of school system in Poland changes the basic education into eight-year
basic schools with two grades.

81t has been taught according to the Framework in the Czech Republic since 2007 (MSMT,
2018a).
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3.2.1 SETTING OF GOALS AND COMPETENCIES

The National Programme for the Development of Education, i.e. a White Paper
(MSMT, 2001), is the first binding government document published during the cur-
riculum reforms in the Czech Republic after 2000 which were conducted in the
manner of other European countries. The White Paper formulates the aims and
recommendations, for instance:

... To promote the development of key competencies as an instrument for
transforming the encyclopedic conception of education. To apply new
methods of active teaching, namely project learning, various forms of
cross-curricular integration, such as cross-curricular topics and projects,
and other forms of extracurricular activities. To utilize these forms to
introduce new topics into curricula... (MSMT, 2001: p. 41).

Key competencies at the second stage of basic education represent the system
of knowledge, skills, abilities, attitudes and values that are important to the indi-
vidual’s personal development and to the individual’s role in society. At the basic
education stage, the national concept of curriculum puts the emphasis on learning
competencies, problem-solving competencies, communication competencies, social
and personal competencies, civil competencies and working competencies (MSMT,
2007: p. 12). All competencies are defined in general terms. Evidently, problem-
solving competencies are those most related to the educational content of the subject
field mathematics but this is not explicitly mentioned in the curriculum document.

Basic education should help pupils to form, shape and gradually develop their key
competencies and provide them with dependable fundamentals of general education.
Moreover, the scope and principles of basic education is to meet the 9 goals among
them — “to stimulate and encourage pupils to creative thinking, logical reasoning
and problem solving” (MSMT, 2007: p. 11). Mathematics is not mentioned within
these goals in the Czech curriculum.

A new Estonian general education curriculum with the emphasis on active child
participation was established already in the 1990s (Afanasjev & Lepmann, 2006).
The current national curriculum (HTM, 2011), defines general goals and general
competencies for basic schools; the competencies are also formulated in detail for
each stage of the study. The goals are vaguely formulated. The educational content
is more clearly defined by means of competence (HTM, 2011: pp. 3-5), which is the
aggregate relevant knowledge, skills and attitudes that ensure the ability to operate
creatively, in an enterprising way, and flexibly in a particular area of activity or
field. Competencies are categorized as general competencies, competencies expected
in stages of study, and subject field competencies.

One of the general competencies developed in pupils is mathematics, natural sci-
ence and technology competence which is defined as the ability to use the language,
symbols and methods characteristic of mathematical applications in school and ev-
eryday life (HTM, 2011: p. 4). Competencies in the third stage of study summarize
in 14 items what the pupil should achieve at the end of the third stage. One of the
achievements is directly related to mathematics:

The pupil is capable of resolving issues arising in various fields in every-
day life that require use of mathematical thinking methods (logical think-
ing and spatial reasoning) and presentation methods (formulae, models,
diagrams, graphs). (HTM, 2011: p. 10).
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Furthermore, it is pointed out that the pupils should have the ability to clearly
and relevantly express themselves and to understand and interpret different types
of texts.

The education reforms in Poland were conducted at the end of the 1990s. Gym-
nasium [gimnazjum] has been introduced as the lower secondary education corre-
sponding with grades 7 to 9 of basic education in Estonia and Slovenia beginning
with the school year of 1999/2000 (Eurydice, 2008: p. 6). The core curriculum docu-
ment (MEN, 2008) is common for gymnasiums and post-gymnasium schools. In this
document, there are formulated three very general goals of education and the most
important skills which should be achieved by the pupils. In fact, these requirements
are equivalent to the competencies in the curriculum documents of other countries.
One of the main goals of learning and education is to help the pupils develop their
mathematical thinking which is defined as the ability to use mathematical meth-
ods in everyday life and to make decisions based on mathematical reasoning (MEN,
2008: p. 1).

Slovenian national curriculum defines 15 goals of basic education, among them
the development of literacy and understanding of the text in natural sciences, math-
ematics, informatics, social sciences and arts. Mathematical literacy is defined as the
ability to use mathematical way of thinking in solving real-life problems (Brezovar
et al., 2013: p. 4). This includes the ability and readiness for using mathemati-
cal thinking modes (logical thinking and spatial reasoning) and presentation modes
(formulae, models, constructions, graphs, and diagrams).

General goals of basic education are similar in all four countries. The set of basic
competencies is formulated in the Czech Republic and Estonia and the achievement
of these competencies is considered as one of the main goals of basic education. In
Poland, basic education is based on the development of the specific areas; these areas
are equivalent to the Czech and Estonian competencies. The concept of Slovenian
curriculum is slightly different. There are more detailed descriptions of various goals
but the setting of basic competencies is missing. In general, the goals defined in the
Slovenian curriculum are more or less the same as in other countries. The Esto-
nian national curriculum seems to be the most elaborate and detailed document;
competencies expected in stages of study are introduced in addition to general and
subject field ones. The common competencies for the third and fourth stage, i.e. for
gymnasiums and post-gymnasium schools, are presented in the Polish curriculum.
The curriculum documents in the Czech Republic and Slovenia define the compe-
tencies for the entire basic education, i.e. the competencies are common for both
the primary and lower secondary education.

Mathematics is mentioned explicitly in the national curricula of Estonia, Poland,
and Slovenia. Moreover, at the end of the third stage of study in Estonia, the
emphasis is put on the ability to clearly and relevantly express oneself. Slovenian
national curriculum introduces mathematical competence as one of the goals, but
very vaguely. Polish national curriculum focuses on mathematical thinking.

3.2.2 MATHEMATICS OBJECTIVES

Mathematics objectives are described in the following documents: the Framework
Educational Programme for Basic Education (MSMT, 2007, 2017) in the Czech Re-
public, in the third appendix of National curriculum for basic schools (MER, 2018b)
in Estonia, in Podstawa programowa ksztatcenia ogolnego dla gimnazjow i szkol pon-
adgimnazjalnych, ktorych ukonczenie umozliwia uzyskanie Swiadectwa dojrzatosci po
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zdaniu egzaminu maturalnego (MEN, 2008) in Poland, and in Matematika — Uécni
nacrt (MIZS, 2018b) in Slovenia.

In general, the number of mathematics objectives is shared by all curriculum
documents, and their descriptions are more or less the same (the objectives are very
similar, just formulated differently). The objectives which are not common for all
four countries are unique.

Firstly, let us focus on the common features in the mathematics objectives of the
selected countries. The expected objectives after completing the basic education are
summarized in Tab. 1.

Tab. 1: Common features in mathematics objectives

Objective CR Est Slo Pol
Create and use mathematical models in order to solve ) ) .
problems in different fields of everyday life.

Apply mathematical knowledge and skills in practical ° ° °

activities — for instance estimating, measuring and

comparing sizes and distances, orientation.

Interpret and present information in the form of text, ° °
graphs, tables.

Use abstract, logical thinking, and critical judgment. . ° °
Justify and analyze problems, formulate hypotheses. ° ° °
Compile and use solution strategies. ° °

Have knowledge of mathematical terms and create ° ° °

a system of terms.

Trust in their own problem-solving skills and abilities. ° ° °

Secondly, let us mention what is unique in the individual curriculum documents
of the selected countries.
Basic school pupils in the Czech Republic

e develop their memory by performing numerical calculations and learn necessary
mathematical formulas and algorithms;

e learn to express themselves precisely and succinctly by using the language of math-
ematics, including mathematical symbols, and by performing analyses and keeping
records during problem-solving, and by perfecting their graphic abilities;

e learn to co-operate while solving problems and applied tasks.
Basic school pupils in Estonia
e use computer programs and other tools in studying mathematical;
e understand the value of and enjoy mathematics.
Basic school pupils in Slovenia
e receive and experience mathematics as a cultural value.

The most detailed description of general mathematics objectives is given in the
Czech curriculum document (MSMT, 2007, 2017); in comparison, the Polish cur-
riculum document mentions them very briefly. In the Slovenian curriculum, besides
general mathematics objectives, there are defined global objectives related to each
topic in mathematics. These global objectives are very detailed, for instance, having
a basic knowledge of algebraic expressions. The general objectives of mathematics
education are also defined in the Estonian curriculum. Moreover, the mathematical
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learning and educational objectives, after completing every educational stage, are
specified there.

3.3 THE SYLLABUSES OF MATHEMATICS

The learning outcomes and content of mathematics in lower secondary education are
described in the following documents: the Framework Educational Programme for
Basic Education (MSMT, 2007; 2017) in the Czech Republic, in the third appendix
of National curriculum for basic schools (MER, 2018b) in Estonia, in Podstawa pro-
gramowa ksztatcenia ogolnego dla gimnazjow @ szkol ponadgimnazjalnych, ktorych
ukonczenie umozliwia uzyskanie Swiadectwa dojrzatosci po zdaniu egzaminu matu-
ralnego (MEN, 2008) in Poland, and in Matematika — Uéni nacrt (MIZS, 2018b) in
Slovenia.

In the Czech Republic, the educational area is called Mathematics and its appli-
cation. The minimum time allotment for the educational area Mathematics and its
application at the second stage of basic education is 15 teaching hours® per week at
all grade levels of basic education. First, the characteristics of the educational area
with the emphasis on the individual thematic parts are given. The description of
the objectives of the educational area and its educational content follows. The ed-
ucational content of the educational field comprises the expected outcomes and the
subject matter. Expected outcomes are binding at the end of grade 9. The subject
matter is supposed to be a means to achieve the expected outcomes (MSMT, 2007:
p. 16) and is recommended to schools for distribution and further modifying.

The educational content of Mathematics and its application is divided into four
thematic parts: Numbers and Variables; Dependencies, Relations and Working with
Data; Two- and Three-dimensional Geometry; Non-Standard Application Exercises
and Problems.

In the Estonian curriculum, the weekly number of lessons for compulsory subjects
in basic school for all stages of study is specified. The subject field Mathematics
is taught in all grades of basic education and in the third stage of study, it is
13 lessons per week. Furthermore, the distribution of weekly hours of subjects
within stages is specified in the school curriculum along with expected learning
outcomes and learning and educational objectives to be achieved (MER, 2018b:
pp. 1-2). The description of the subject field is provided, and mathematics learning
and educational objectives, learning outcomes, and learning content are specified in
the syllabus of mathematics.

The subject field of Mathematics in the third stage of study is divided into five
parts: Calculation and Data; Percentages; Algebra; Functions; Geometry.

In Poland, the educational area is called Mathematics [Matematyka]. The min-
imum number of teaching hours by this subject in the 3-year period at lower-
secondary schools is 385'° (Eurydice, 2014). The learning outcomes are specified
in the syllabus of mathematics for each thematic part. The learning content is not
specifically defined in the curriculum document.

The educational content of Mathematics is divided into eleven thematic parts:
Rational Numbers (positive); Rational Numbers (positive and negative); Powers;
Roots; Percentages; Algebraic Expression; Equations; Graph of a Function; Descrip-
tive Statistics and an Introduction to Probability theory; Two-dimensional Figures;
Solids.

9One teaching hour (lesson) takes 45 min.
10This number of hours corresponds to approximately 4 teaching hours per week.
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The Slovenian curriculum provides the most detailed description of the syllabus
of Mathematics [Matematika]. The recommended number of hours for each theme
of mathematics is provided; the total number of hours for mathematics is 140, 140,
and 128! hours for the grades, 7, 8, and 9, respectively. It defines compulsory
and optional learning outcomes (in Tab. A4 in the Appendix the optional ones
are written in italic type). For all educational periods, the learning outcomes and
content are suggested.

In every educational period, there are three main themes in Mathematics: Ge-
ometry and Measurement; Arithmetic and Algebra; Other Content. All themes
are divided into thematic parts. For each theme, the global objectives of the ed-
ucational period are defined. The learning outcomes and content are divided into
blocks according to individual grades; the division is only recommended.

The extensiveness of curriculum structure regarding the learning outcomes and
content does not allow us to describe all parts of the syllabus of mathematics. Let us
focus only on geometry in all four curricula and describe more precisely the learning
content and expected outcomes of this part of the subject field of mathematics.

We recommend that the reader follows Tab. A1, A2, A3, and A4 in the Ap-
pendix where the learning outcomes and content in mathematics with the emphasis
on geometry are summarized and categorized according to the subtopics for each
country. The learning outcomes and content for Slovenia are also classified according
to grades in which they should be realized.

The Czech Republic introduces the subject matter which is only recommended
(MSMT, 2017: p. 15). The thematic part related to geometry is Two- and Three-
dimensional Geometry and the learning content is divided into four parts (two-
dimensional figures, characteristics of two-dimensional measurements, three-dimen-
sional figures, and construction tasks). The teachers have to fulfil the binding learn-
ing outcomes which are defined quite vaguely; only from the recommended learning
content can it be derived how to achieve them. Estonia also has a brief description
of the learning outcomes and content of the part Geometry. It is not divided into
any subtopics. Poland does not present the learning content at all but has a very
detailed description of the learning outcomes which can substitute for it. The Polish
thematic parts which are in the scope of our interest are Two-dimensional Figures
and Solids. As we can see from Tab. A4 Slovenia provides the most detailed de-
scription of the syllabus of mathematics. The theme Geometry and Measurement is
divided into two thematic parts — Geometric Terms and Transformations. Moreover,
the learning outcomes and content are described individually for each grade.

If we compare the individual learning outcomes and content of the selected coun-
tries, we can find several distinctions. Regarding two-dimensional geometry, all
curriculum documents point out several two-dimensional figures which should be
taught. All countries particularly refer to triangles, quadrilaterals (trapeziums and
parallelograms), and regular polygons. In addition to these Poland and Slovenia also
mention rhombi and only Slovenian learning outcomes and content distinguish kites
within quadrilaterals. The other interesting topics in two-dimensional geometry are
angles. Only Poland has the recognition of central angles among the learning out-
comes. Only Estonia refers to trigonometric functions of acute angles. Regarding
three-dimensional geometry all curriculum documents mention calculation of the
volume and surface area of solids among learning outcomes. Vertical parallelepipeds
are considered among the solid figures only in Estonia; in all four countries the list

' These numbers of hours correspond to approximately 4 teaching hours per week.
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of solid figures consists of cube, cuboid, vertical prism, pyramid, cylinder, cone, and
sphere. Only the Slovenian curriculum describes additional learning outcomes and
content related to solids — for example to create models of solids and draw their nets.
Only Estonian curriculum document reflects the usage of technological tools in the
learning outcomes to discover regularities and formulate hypotheses. The Slovenian
learning outcomes place emphasis on the calculation with and without calculators.

4 TEACHING METHODS, ASSESSMENT, AND OTHER
ASPECTS OF THE NATIONAL CURRICULA

The description of teaching methods in the Czech curriculum is limited only to the
recommendation to apply different methods of active teaching, namely project learn-
ing, various forms of cross-curricular integration and other forms of extracurricular
activities. The specific teaching methods for mathematics are not described.

The Estonian curriculum provides a little more regarding the description of teach-
ing methods:

A diverse selection of study methods is used with emphasis on active
study methods: independent work, conversation, debate, discussion,
work in pairs, project study, group work. (MER, 2018b: p. 6).

It is worth mentioning that homework is also included in the curriculum as one
of the important study activities.

In the Slovenian curriculum, there are added didactic recommendations to each
educational period and to each theme — for example, regarding the theme Geometry
and Measurement, there is advice provided on which models can be selected for the
representation of the studied figures (edges, faces, solids). Furthermore, there are
some specifications like: “we solve the tasks using trial and deliberation, not formally
by solving equations in the 7" grade. We consider formal solving of equations in
the 9*" grade” (MIZS, 2018b: p. 46). The Slovenian curriculum puts emphasis
on the integration of education with everyday life to make it more understandable
and reasonable to pupils. It is necessary to apply various learning styles, different
methods and formats, didactic aids, and modern technologies. It is essential to
perceive the learning content in depth over the mere recall of symbols. At the same
time, it is highlighted that rote learning plays an important role in the learning
process and in developing computational skills and that making it automatic is
necessary.

The Polish curriculum does not mention teaching methods, only several didactic
recommendations which are divided according to the age of pupils can be found
there.

The Estonian and Slovenian curriculum briefly comments on pupils’ assessment
in mathematics.

The description of the assessment of learning outcomes is specified in the general
part of the Estonian curriculum. Detailed assessment procedures are introduced, and
formative assessment and summarizing grading are used in assessment. In formative
assessment, the primary focus is on comparing a pupil’s development with his or her
previous accomplishments. In summarizing grading, a pupil’s accomplishments are
compared with required learning outcomes. Both result and process are assessed in
case of practical assignments and problems (MER, 2018b).
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A mention of pupils’ assessment can be found in the Slovenian curriculum doc-
ument too. In addition to written and oral examination, it is recommended to use
other forms of assessments — presentation of seminar works and projects, mathemat-
ical and statistical research, practical tasks, and monitoring of homework (which is
considered as an important part of the learning process because of pupils’ self-
education, developing their good work habits, persistence, and precision). The oral
exam should assess pupils’ knowledge which can be hardly examined in the written
tests.

The Czech Republic and Poland do not mention pupils’ assessment in mathe-
matics in the national curriculum documents.

The final examinations in mathematics can provide significant extrinsic motiva-
tion for learning for the pupils. In Estonia, Poland, and Slovenia all ninth-grade
pupils have to take the unified basic school final examination in mathematics estab-
lished by law.

In Slovenia, the results are considered as additional information about the level
of pupils’ knowledge and do not have any bearing on the grades (Eurydice, 2017,
Wiseman, 2010). A satisfactory grade on the examination is not a necessary con-
dition for graduation from basic school but the results are taken into account in
entrance examinations to secondary schools.

In Poland, at the end of lower-secondary education pupils take a compulsory
external examination which has a strong bearing on admission to upper-secondary
schools (Eurydice, 2014). Examination results are related both to schools’ effective-
ness and pupils’ accomplishments (Anczewska & Charzynska, 2012). They help to
revise curricula and encourage the introduction of more effective teaching methods.
The final examination is not a necessary condition for graduation from basic school.

In Estonia, the national examinations take place at the end of basic education
and have a certification function (Santiago et al., 2016), i.e. passing the basic school
final examination is the condition for graduation from basic school and completing
the third stage of study (MER, 2018b: p. 19). Results of these examinations are used
by some selective upper secondary schools for admission purposes. Thus, national
assessments do have formal consequences for students. Estonia reports a higher level
of use of central student assessments for formative purposes than for summative
purposes. In PISA 2012 (OECD, 2013b), for example, Estonia reported more use
of assessment data than other OECD countries to make decisions about student
retention or promotion or to identify aspects of instruction or the curriculum that
could be improved (OECD, 2016).

In the Czech Republic, there is no unified basic school final examination. In
addition to international PISA and TIMSS surveys which are used as an assessment
tool in the Czech Republic, there are assessments carried out by the Czech School
Inspectorate. These assessments are not held every year and not in all basic schools.
The sole extensive state-guaranteed examination in mathematics for grade 9 pupils
is the unified entrance examination to secondary schools which is taken only by
pupils who want to enter secondary schools. This examination has been used since
the 2016/2017 school year.

5 DIScUSSION AND CONCLUSION

Comparing the curriculum documents of the Czech Republic with the curriculum
documents of Estonia, Poland, and Slovenia we can identify several significant dif-
ferences:
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e The minimum time allotment in mathematics in lower secondary schools is the
lowest in the Czech Republic.

e The general goals in the Czech curriculum do not put proper emphasis on math-
ematics education.

e In the Czech curriculum, there is no mention of the importance of the self-reliant
systematic home preparation of pupils.

e There is no national assessment tool in the Czech Republic which compares pupils’
performance in mathematics at the end of lower secondary school education.

e The learning outcomes in the Czech curriculum are specified only briefly; the
learning content is neither binding nor concrete enough.

The time allotment is defined for the entire educational period, in the Czech
Republic for the grades 6 to 9 and in Estonia, Poland, and Slovenia for the grades
7 to 9. The distribution of hours between the grades is left to the school principals.
In reality, the school shall use the available time allotment.!?

The time allotment for mathematics education is the lowest in the Czech Re-
public in comparison with the monitored countries (see Tab. 2, in which the average
time allotments per week in one year of study are compared; the numbers present
a number of mathematics lessons, one lesson takes 45 min).!3

Tab. 2: The average time allotment Czech Republic Estonia Poland Slovenia
for mathematics per week in lower 375 13 1 1

secondary schools

Based on some empirical research (e.g. Lavy, 2015), there is a relationship be-
tween the amount of time that an individual spends on studying, and the amount
of knowledge and skills that he/she can mine from it. According to several studies
(e.g., Blank, 2013; Desimore & Long, 2010), student performance increases with
more instructional time. On the other hand, TIMSS research shows that there is
no direct correlation between time allotment in school and pupils’ knowledge, but
“it depends on how effectively and efficiently the time is used” (Mullis, Martin
& Loveless, 2016: p. 46). However, the information from TIMSS research led to
a recommendation to increase the number of primary school hours in Iceland in
the past (Walterova, 2006: p. 200). According to Cattaneo, Oggenfuss and Wolter
(2016: p. 14): “prescribed hours also might not adequately depict the reality in
schools” and “the additional instructional time has a significant impact on learning
outcomes measured with PISA test scores, but the effectiveness of an additional
hour of instruction is only between thirty to forty percent of the impact that they
would expect from an average hour of instruction”. Other surveys indicate that the
additional instructional time for mathematics has a positive effect, though they also
mention other significant aspects such as the classroom setting (Rivkin & Schiman,
2013) or the teacher quality (Woessmann, 2016) at the same time. Therefore, it

12 According to questionnaires completed by teachers during TIMSS, the actual average number
of mathematics lessons in the 8" grade of basic education was 3 hrs. 14 min./week in 2007 and
3 hrs. 34 min./week in 2015 (Mullis, Martin & Loveless, 2016). Thus, a slight increase of the time
allotment can be observed.

130n the other hand, the total time allotment for mathematics for the grades 6 to 9 recommended
by the Ministry of Education, Youth and Sport is 18, i.e. 4.5 lessons per week in one year of
study (MSMT, 2011). It is worth mentioning that mathematics in lower secondary schools in
Czechoslovakia/Czech Republic was being taught 5 lessons per week until 1991 and at least 4 lessons
per week between 1991 and 2005 (MS, 1987; MSMT, 1991; MSMT, 1996).

Scientia in educatione 18 10(3), 2019, p. 4-32



cannot be simply said that the lowest time allotment is the cause of the decreased
success rate of Czech pupils in international testing.

The decentralization of the Czech education system after 2000 is related to the
transfer of emphasis from the content of the curriculum to key competencies. Janik,
Manak and Knecht (2009) found focusing on key competence to be a new positive
element of basic education goals. However, Slavik and Janik (2012) pointed out the
problem of emptying the content.

We have found that the development of mathematics competence, understanding
mathematical texts, using mathematical symbols and the like belong among the gen-
eral goals of education of lower secondary schools in all monitored countries except
the Czech Republic. Including or not including these skills among general goals and
competencies expresses their importance in education. The natural consequence of
their inclusion in the curriculum can be a gradually increasing integration of the
development of mathematical competencies (such as using diagrams, percentages,
etc.) in other subjects. We also consider the ability of pupils to understand techni-
cal terms and to express themselves correctly as crucial (not only for mathematics).
Understanding text is one of the general goals in the curriculum document of Slove-
nia; the ability to formulate mathematical ideas is among the general competencies
of education in Estonia. A similar general goal or competency is missing in the
Czech curriculum.

Mathematics education requires continuous and systematic preparation of pupils.
This can be achieved through solving assigned homework problems. The impact of
homework as a part of the learning process was examined in several studies. The
strength of the relationship between homework and pupil achievement in mathemat-
ics is not yet fully clear; the results of studies are inconsistent. Some researchers
found a positive relationship (e.g., Cheema & Sheridan, 2015; Abdelfattah & Lam,
2018), some studies generated contradicting findings (Cooper, Robinson & Patall,
2006; Dettmers, Trautwein & Liidtke, 2009). Dettmers, Trautwein and Liidtke
(2009) showed in their study rooted in PISA 2003 a significant positive relationship
between the students’ scores in mathematics and the time spent doing homework at
the group level. On the other hand, there was a negative relationship at the student
level across countries. Based on the results of TIMSS surveys, Giiven (2019) con-
cluded that the frequency of homework significantly affects pupil achievement in the
8 grade but not in the 4" grade. Similarly, Cooper, Robinson and Patall (2006)
found that homework-achievement relationship differs at different grade levels.

Homework enables pupils to develop their own initiative and to deepen and
strengthen their knowledge. The curriculum documents of Estonia and Slovenia
mention it; in the Czech curriculum, these aspects are not considered. On the con-
trary, the current tendencies (especially the pressure from parents, and not only in
the Czech Republic) are against it — pupils should not be overloaded with homework
(CSI, 2018; Giiven, 2019). PISA 2012 showed that pupils in Poland and Estonia
spend about twice more time with homework than pupils in the Czech Republic
and Slovenia (OECD, 2014c). Abdelfattah and Lam (2018), based on the results of
TIMSS in 15 Arab countries, determined that longer homework (taking more than
60 minutes) is annoying for the pupils, while shorter and less frequent homework
(1 to 4 times a week) reflects an important way to improve their achievement. Ac-
cording to Manak (1992), pupils must be sufficiently motivated to do homework.
The perceived low motivation of current Czech pupils is also considered to be one of
the factors that caused a statistically significant worsening of Czech pupils in PISA
surveys in recent years (CSI, 2016).
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The Czech educational policy declares the necessity of national testing at all lev-
els of education as the main tool for monitoring the outcomes of education. This need
is closely interconnected with increasing school autonomy (MSMT, 2001: p. 92). The
Czech Republic has not developed a national testing system yet (Dvorak, 2015). An
exception is the unified and compulsory entrance examination to secondary schools
beginning with the 2016/2017 school year which covers Czech language and math-
ematics. The school principals can create further conditions for admission to sec-
ondary schools but at least 60% of the results of the unified entrance examination
to secondary schools must be taken into account by law (561/2004 Sb.). However,
the entrance examinations are not compulsory for everybody; only pupils who wish
to continue their studies are taking them. On the contrary, in Estonia, Poland and
Slovenia, all pupils must take the unified final examination at the end of the lower
secondary school (Eurydice, 2009).

The majority of European countries have introduced regular national examina-
tions in an attempt to increase the effectiveness and efficiency of their education
systems. In the school year 2008/2009, only the German-speaking community of
Belgium, the Czech Republic, Greece, Wales and Liechtenstein did not administer
national tests in compulsory education.

The majority of learning outcomes and learning content is the same in all coun-
tries; nevertheless, distinctions can be found. Only Estonian curriculum document
mentions the usage of technological tools in the learning outcomes. In the Slovenian
curriculum document, it is pointed out several times to use or not to use calculators
in the tasks. The use of calculators and technologies is also mentioned in the Czech
curriculum, but not in relation to teaching geometry.

In general, we can say the Czech school curricula of the individual schools are
probably more difficult to create than the school curricula of the other countries
because the learning outcomes in the Czech national core curriculum are defined
very briefly. Especially, the Slovenian curriculum document could serve as a good
example of a detailed, well-elaborated material.

Slovenia provides the most detailed description of the syllabus of mathemat-
ics. This is the main difference from other countries of the European Union where
there has been an evident trend of moving away from a detailed description of sub-
ject matter in curriculum documents since the 1990s (Jezkova & Walterova, 1997).
A detailed description can be the starting point for teachers who can simply follow
the learning content from the curriculum documents in their classes. Moreover, the
division of the topics according to individual grades can help Slovenian teachers
orient themselves in the extensive content of the subject field of mathematics. This
can be useful especially for novice teachers. We have found Slovenian curriculum
to be a very inspiring source for the Czech curriculum documents regarding their
prospective modifications.

The transformation of goals and objectives into the learning content is the ba-
sis for the successful implementation of the educational process (Janik, Marnak
& Knecht, 2009). However, the inaccurate specification of mathematics learning
outcomes and learning content gives great freedom to schools (teachers) to deter-
mine this learning content. It is necessary to realize that the teacher is responsible
for the final form of the curriculum, i.e. the implemented model of curriculum (Janik,
Manak & Knecht, 2009). That’s why an important aspect of each curriculum re-
form is its acceptance by teachers (Matidk, Janik & Svec, 2008; Peskova, Spurna
& Knecht, 2017; Roter, 2003). Dvotak (2015) points out the problem of conceptual
framework of the national curriculum in a participative model of curricular policy.
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Strakova (2007) described the teachers’ opinion on curriculum reform in the Czech
Republic after 2000 as inconsistent. Janik (2013) states the implementation of the
current Czech curriculum reform has resulted in mere formalism. The problematic
and slow adoption of reforms in the 1990s in Slovenia is described by Jezkova et al.
(1996).

Teachers play an irreplaceable role in the education process and can significantly
influence the pupils (Martinkova, Goldhaber & Erosheva, 2018; Akiba, LeTendre
& Scribner, 2007; Blomeke, Olsen & Suhl, 2016). According to a survey by Earnets
and Amador (2019), the teachers cover the subject matter to varying extent using
curriculum documents. The question arises whether the curriculum documents are
to bind or to allow some level of latitude for teachers.

We have identified the specific differences in the national curriculum documents
for lower secondary schools of the selected countries. We cannot conclude that
only curriculum documents have an impact on the quality of education and on
better results of pupils in the national testing. We also do not know how the
curriculum documents are used in practice and if and how the teachers work with
them. In general, there are even more aspects which can improve or worsen pupils’
results — inner factors (pupils’ aptitude, handicaps etc.) and outer factors (social
environment, family, teacher etc.). The curriculum document is only one component
which can influence the school instructions.
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APPENDIX

Tab. Al: The learning outcomes and content in mathematics with the emphasis on
geometry in the Czech Republic

Learning outcomes

Learning content

Czech Republic

Two- and Three-
dimensional
Geometry

e reason and apply the positional

and metric properties of basic
two-dimensional figures when
solving tasks and simple
practical problems; use
necessary mathematical
notation

characterise and classify basic
two-dimensional figures
measure and calculate angles

e cstimate and calculate the area

and circumference of basic
two-dimensional figures

use the concept of the set of all
points of a given characteristic
to describe a figure and solve
positional and non-positional
tasks

sketch and construct
two-dimensional figures
apply theorems on congruent
and similar triangles when
making argumentations and
calculations

sketch and construct

a two-dimensional figure with
central and reflection
symmetry, identify
centrally-symmetric and
reflection-symmetric figures
identify and describe basic
three-dimensional figures
(bodies) and analyse their
characteristics

estimate and calculate the
volume and surface area of
bodies

sketch and construct basic
bodies

sketch and construct simple
bodies in a plane

analyse and solve applied
geometric tasks using newly
acquired mathematical skills

e two-dimensional figures —

lines, rays, line segments, disks,
circles, angles, triangles,
quadrilaterals (trapeziums,
parallelograms), regular
polygons, relative position of
two lines on a plane (types of
angles), congruence and
similarity (theorems on
congruent and similar
triangles)

characteristics of
two-dimensional
measurements — types of
angles, distance of a point from
a line, triangle inequality,
Pythagoras’ theorem
three-dimensional figures —
cuboids, cubes, right circular
cylinders, pyramids, right
circular cones, spheres, right
prisms

construction tasks —
multiples of all points of

a given characteristic (segment
bisectors, angle bisectors,
Thales’ circle), reflection
symmetry, central symmetry
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Tab. A2: The learning outcomes and content in mathematics with the emphasis on

geometry in Estonia

Learning outcomes

Learning content

Estonia

Geometry

e draw and construct (both by

hand and computer) plane
figures on the basis of given
elements

calculate linear elements,
perimeter and area and volume
of figures

know figures, the midline of
a triangle and trapezium, the
median of a triangle, the
circumscribed and inscribed
circles of a triangle and the
central angle and peripheral
angles of triangle

describe properties of figures
and classify figures according
to common properties
identify the ‘theorem’,
‘postulate’, ‘assertion’ and
‘proof’, explain train of
thought of proving certain
theorems

solve open-end problems with
geometrical content

find the linear elements of

a right-angled triangle

use similarity between triangles
and polygons when solving
open-end problems

use technological tools in
discovering regularities and
formulating hypotheses

definition, theorem,
assumption, assertion and
proof

polygons (triangle,
parallelogram, trapezium and
regular polygon), perimeter
and area of polygons

circle and circumference

e central angle

peripheral angle, Thales’
theorem

e tangent of circumference

inscribed and circumscribed
circles of triangle and regular
polygon

criterion of parallel straight
lines

midline of triangle and
trapezium

median and centre of gravity of
a triangle

similarity properties of
triangles

similarity of polygons
planning of areas

Pythagoras’ theorem
trigonometric functions of
acute angles

solid figures (vertical
parallelepiped, vertical prism,
pyramid, cylinder, cone and
sphere), their area and volume
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Tab. A3: The learning outcomes and content in mathematics with the emphasis on
geometry in Poland

Learning outcomes

Learning content

Poland

Two-
dimensional
Figures

use relationships between angles formed by

a straight line that crosses two parallel straight
lines

recognize the mutual position of a line and

a circle, recognize a tangent to a circle

use the fact that the tangent line to a circle at
a given points is perpendicular to the radius of
a circle to that point

e recognize central angles
e calculate the length of a circle and the length of

an arc of a circle
calculate the area of a disk, an annulus, and
a circular sector

e apply Pythagoras’ theorem
e use the properties of angles and diagonals in

rectangles, parallelograms, rhombuses, and
trapeziums

calculate the area and perimeter of triangles and
quadrilaterals

e convert units of area

calculate the sizes of a polygon enlarged or
reduced in a given scale

calculate the ratio of areas of similar polygons
recognize congruent and similar polygons

apply the properties on congruent triangles

use the properties of similar right-angled triangles
recognize pairs of symmetric figures with respect
to the line and the point; construct pairs of
symmetrical figures

recognize figures that have an axis of symmetry,
and figures that have a center of symmetry;
indicate the axis of symmetry and the center of
symmetry of the figure

recognize a line segment bisector and

an angle bisector

construct a line segment bisector and

an angle bisector

e construct 60°, 30°, 45° angles
e construct an inscribed and circumscribed circle of

a triangle
recognize regular polygons and use their basic
properties

not specifically
defined

Solids

recognize correctly regular prisms and pyramids

e calculate the surface area and volume of a right

prism, pyramid, cylinder, cone, sphere (also in
tasks with a practical context)
convert volume units

not specifically
defined
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Tab. A4: The learning outcomes and content in mathematics with the emphasis on

geometry in Slovenia

Learning outcomes

Learning content

Slovenia

Geometry and  Geometric Terms
Measurement  grade 7

e learn the concept of the orientation on the line and in
the plane

e mark the vertices of a given two-dimensional figure in
a required orientation

e describe a triangle (denote vertices, sides, and angles),
classify triangles according to angles and sides and learn
the relationship between the lengths of the sides
(triangle inequality)

e distinguish the interior and exterior angles of a triangle

e know and use the sum of the interior and exterior angles
of a triangle in the tasks of drawing and calculation

e know the relationships between the interior angles and
the sides of a triangle and use them in the tasks of
drawing

e know and use the necessary and sufficient conditions for
the congruent triangles in the tasks of drawing

e know and use the altitude when drawing a triangle

e know and use triangle centers in the tasks of drawing

e know and use the center of gravity, the medians, the
radius of an inscribed and circumscribed circle of
a triangle when drawing a triangle

e inscribe and circumscribe a circle of a triangle

e recognize and draw equilateral triangles

e calculate the area and perimeter of a triangle using
formulas and convert units

e describe and name the quadrilateral and denote it
(vertices, sides, angles, diagonals)

e recognize a trapezium, define and describe it: bases,
legs, altitude, midline

e know and use the sum of the interior angles of the
quadrilateral in calculations

e know the characteristics of the quadrilateral and draw it
from the given data

e recognize and draw axially symmetric and centrally
symmetric quadrilaterals (isosceles trapezium, kite,
parallelogram) and describe their properties

e know the concept of an altitude in a parallelogram and
a trapezium and use it in drawing

e calculate the perimeter and area of a parallelogram,
a trapezium, a rhombus, and a kite using formulas

e use the concept of the congruence of two-dimensional
figures in transformations

e observe and recognize types of faces of prisms and
pyramids and create nets of three-dimensional figures

Geometric Terms

grade 7

e orientation on
the line and in
the plane

e solids — adopting

the spatial

abilities

triangle

quadrilateral

parallelogram

rhombus

trapezium

kite

the area and

perimeter of

two-dimensional

figures

e two-dimensional
figures on the
solids (the net of
solids)
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Tab. A4: continue

grade 8

describe the polygon and denote it (vertices, sides,
angles, and diagonals)

know the sum of the interior and exterior angles of
a polygon

e adopt the concept of a regular polygon
e know and use the strategies for drawing polygons
e use the strategies for calculating the perimeter and area

of polygons (for example using a formula, by measuring,
by transforming to another two-dimensional figures)

e understand the concept of the number 7
e calculate the circumference and area of the disk using

formulas

calculate the length of a circular arc and the area of

a circular sector using formulas

understand and use the length of the circular arc as the
part of the length of the circle and the area of the
circular sector as the part of the area of the disk

solve the tasks with a circle (with or without
calculators)

know the properties of a right-angled triangle and name
the sides

know Pythagoras’ theorem and apply it to calculate the
lengths of sides in a right-angled triangle

solve the tasks using Pythagoras’ theorem in the plane
(with or without calculators)

e know the concept of the cube and cuboid
e calculate the surface area and volume of the cube and

cuboid (with or without calculators)

apply Pythagoras’ theorem in tasks with the cube and
cuboid

use the area and volume formulas for the cube and
cuboid to calculate unknown variables

grade 8

e polygon

e circle, disk

e circular sector,
circular arc

e cube

e cuboid

e Pythagoras’
theorem
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Tab. A4: continue

grade 9

define the relationships between points, lines, and
planes in the three-dimensional space (using models)
and the relationship denote symbolically

define and use the ratio of the line segments to calculate
the unknown lengths

e partitioning a line segment in a given ratio
e recognize similar triangles and know the related terms:

corresponding sides and congruent angles

e define and use the concept of similar triangles
e know and use Thales’ theorem
e know the concept of the prism, cylinder, pyramid, and

cone

calculate the surface area and volume of the prism and
cylinder (with or without calculators)

understand and use the concept of mass, density and
volume of the solid

create models of solids and draw their nets (regular
prisms and cylinders, regular pyramids and cones)
calculate the lateral surface, surface area and volume of
pyramids and cones (direct and indirect tasks)

use formulas to calculate the surface area and volume of
prisms, cylinders, pyramids, and cones and calculate the
unknown variables

e apply Pythagoras’ theorem in tasks with the solids
e adopt the concept of an azial cross section of the cone

and solve the related tasks

e describe the sphere
e solve the tasks related to the surface area and volume of

the sphere
know the cylinder and cone as the solid of revolution

grade 9

e three-
dimensional
figures
similarity
prism
cylinder
pyramid
cone

sphere

Transformations

know transformations (reflection, translation, rotation)
and their properties

reflect a point, a line, a segment line, an angle,

a two-dimensional figure across a given line or point
describe the properties of reflection and write it
symbolically

adopt the concept of a line segment bisector and

an angle bisector and solve the construction tasks
use various strategies to construct an angle with

a compass and a ruler

recognize angles with the pair of parallel sides
(alternate angles) and determine the relationship
between their sizes

e find the vertical and adjacent angle to a given angle
e solve the tasks with a pair of angles
e form the formulas of rotation and reflection

Transformations

grade 7

e the properties of
geometric
transformations

e axial symmetry

e point reflection

e rotation

grade 8

e transformations
of polygons

grade 9

e transformations
in coordinate
system
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Abstract

Results of the worldwide PISA study in science performance from past years (2009, 2012
and 2015) show that Czech pupils are placed in the OECD average, whereas some coun-
tries with similar cultural and historical background are statistically significantly above it
as well as above the results of the Czech Republic. As an example, Estonia, Poland and
Slovenia belong to these countries and therefore they were chosen for the presented com-
parative study. The study focuses on comparison of national curricula of these countries,
especially on fundamental aspects important for physics education at lower secondary
schools. The study highlights the comparison of teaching content and learning outcomes
in physics, interdisciplinary education and cross-curricula subjects, educational methods
and assessment and field-specific key competences. One of the most evident differences
that this study has detected is in the level of autonomy that the curricular documents give
schools in deciding what the learning process will look like. This result as well as other
findings will be discussed in the paper.

Key words: comparative study, curriculum, lower secondary education, physics.

Fyzika na 2. stupni zakladni skoly: Porovnani
Ceské republiky, Estonska, Polska a Slovinska
Abstrakt

Mezinérodni Setfeni PISA z poslednich let (2009, 2012 a 2015) ukazuje, Ze vysledky ¢eskych
zakl v prirodovédné gramotnosti jsou srovnatelné s primérem zemi OECD. Nékteré zemé
s podobnym kulturnim a historickym vyvojem se nicméné umistuji nejen statisticky vyz-
namné nad primérem OECD, ale i statisticky vyznamné nad vysledky Ceské republiky.
Mezi takové zemé patii Estonsko, Polsko a Slovinsko, a proto byly vybrany pro tcely této
srovnavaci studie. Ta se zaméruje na porovnani narodnich kurikularnich dokumentt vy-
branych zemi, zvlasté pak na zdkladni aspekty, které jsou dulezité pro fyzikalni vzdélavani
na vys$im stupni zakladnich skol. Studie se soustfedi zejména na porovnani vzdélavaciho
obsahu a vystupt ve fyzice, na mezipredmétové vzdélavani a prafezova témata, vzdélavaci
metody a hodnoceni a oborové specifické kompetence. Jednim z nejvyznamnéjsSich rozdili,
ktery tato studie odhalila, je mira volnosti, kterou dané kurikuldrni dokumenty poskytuji
skolam pfi rozhodovani o tom, jak bude vyuka jejich uciteld vypadat. Toto i dalsi zjisténi
jsou podrobnéji diskutovany v ¢lanku.

Kli¢ova slova: srovnavaci studie, kurikulum, druhy stupen ZS, fyzika.
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1 INTRODUCTION

In our hectic information age, social demands on education are rapidly changing.
Ongoing automation and upcoming massive digitization (known as Industry 4.0) are
leading some professions to extinction, while some are made indispensable. Unfor-
tunately for educators of the entire world, it is difficult — if not impossible — to
predict, which knowledge and skills are going to be needed by pupils who are start-
ing school in these days. Educational systems of developed countries try to face this
challenge by supporting the trend of teaching pupils to think critically and solve
problems instead of memorizing facts. However, in some countries this shift is pre-
scribed by official curriculum, while in others it has the nature of a recommendation
or the obligatory documents even keep silent on the topic completely.

Nowadays, an opportunity to make curriculum changes is opening in the Czech
Republic, where the basic educational document, Framework Educational Program-
me, will undergo potentially significant revisions. Because educational systems in
general are considered rather conservative, every change done today will most likely
first bear fruit after couple of years; additionally, it will not be easy to replace it with
another change. That is the reason why thorough analysis and discussion should
precede every curriculum revision, containing also a study of already existing models
used in culturally close (and successful) countries. This paper provides such a study
focused on comparison between Czech Republic, Estonia, Poland and Slovenia based
on analysis of physics-related curriculum documents in these countries at lower sec-
ondary level. In the whole paper, we analyse documents influencing the mainstream
of pupils’ population, i.e. we do not deal with the modifications of curriculum for
e.g. gifted pupils, pupils with special needs or national minorities.

2 CHARACTERISTICS OF SELECTED COUNTRIES

2.1 HISTORICAL AND ECONOMIC BACKGROUND

There are plenty reasons why compare just these four countries. Since the Second
World War, all of them have shared similar historical development including tens of
years under the communist dominance and fundamental politic and social changes
in early nineties leading to the triumph of parliament democracy.

In 2004, all four countries became members of the European Union (EU) and
the living standard of their inhabitants is continuously approaching the EU average.
Nowadays, the Czech Republic, Estonia, Poland and Slovenia show very similar
Human Development Index (United Nations Development Programme, 2016) and
quite close values of gross domestic product purchasing power parity per capita
(World Bank, 2017), as shown in Fig. 1.

If we focus on the segment of education, all the four countries spend on it typically
4-5% of their gross domestic product, and annual expenditure per student ranges
between 7000-10 000 USD (OECD, 2017); for comparison, e.g. in Austria it is more
than 14500 USD. Another similarity is represented by a ratio of students who are
visiting privately managed schools, which varies around 3% (OECD, 2012) placing
all four countries among those with the lowest ratio within the EU. In detail, all
these data is summarized on the scheme in Fig. 1.

In all four countries, the ratio of people finishing their tertiary education is
continuously growing, as it is evident from Fig. 2, which illustrates the development
in the last ca. two decades (OECD, 2017). However, despite the significant increase,
the Czech Republic remains significantly behind the remaining countries.
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ESTONIA (HDI = 0.87)

GDP PPP per capita: 31600 IntS
POLAND (HDI = 9'86) Expenditure as a share of GDP: 5.0%
GDP PP,P [P EEIPEE 29300 Int$ Expenditure per student: 8389 USD
Expend!ture as a share of GDP: 4.7% Privately managed schools: 3% of students
Expenditure per student: 7374 USD

Privately managed schools: 4% of students

CZECH REPUBLIC (HDI = 0.88)

GDP PPP per capita: 36900 Int$S
Expenditure as a share of GDP: 3.9%
Expenditure per student: 7751 USD

Privately managed schools: 2% of students

SLOVENIA (HDI = 0.89)

GDP PPP per capita: 34800 Int$
Expenditure as a share of GDP: 4.6 %
Expenditure per student: 9698 USD

Privately managed schools: 3% of students

Fig. 1: For each country, the values of Human Development Index (HDI), gross domestic
product purchasing power parity (GDP PPP) per capita, expenditure on education as

a share of GDP, annual expenditure per student and the ratio of students attending
privately manage schools are indicated

45
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—— Czech Republic - Estonia
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Fig. 2: The ratio of people aged 25-34 with finished tertiary education

2.2 INTERNATIONAL SURVEYS

It is obvious that similar historical and economic characteristics as those mentioned
in section 2.1 are shown also by other post-communist countries such as Slovakia,
Hungary, Latvia etc. However, for us as Czech educators, Estonia, Poland and Slove-
nia are more inspiring due to their results in international measurements of scientific
literacy. Starting with the most frequent one, PISA, data shows that pupils in Es-
tonia, Poland and Slovenia have reached higher score in three PISA measurements
in a row (2009, 2012, 2015) when compared with Czech pupils (OECD iLibrary,
n.d.); with an exception of Slovenia in 2012, all these differences are statistically
significant. In the last PISA in 2015, Czech pupils remained in the OECD average,
while their peers in other three countries achieved the statistically significantly bet-
ter results; the graph on the left side of Fig. 3 summarizes their national scores in
scientific literacy between 2000 and 2015.
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Fig. 3: On the left the PISA national scores in scientific literacy; Estonia and Slovenia
have participated since 2006. On the right the TIMSS national scores for 4" grade pupils

The TIMSS study, which focuses on both mathematics and science, does not
provide as a complex comparison due to partly missing data — Estonia have not
taken part in this study yet and Poland have taken place only in the two last mea-
surements. However, the graph on the right side of Fig. 3 shows an unprecedented
improvement of Slovenia in the last two decades, while Czech pupils are lagging
behind (TIMSS & PIRLS International Study Center, n.d.). The graph compared
4™ grade, i.e. ca. ten years old pupils.

In conclusion, Estonian, Polish and Slovenian pupils are more successful in inter-
national measurements in the recent years and do not follow the Czech descending
trend. This motivates us to look at science and more specifically physics education
in these countries closer.

2.3 EDUCATIONAL SYSTEMS

Important note: In the case of Poland, this paper only describes the state before the
essential educational reform in 2016. We also neglect the introduction of compulsory
pre-primary education in the Czech Republic since 2017. The reason is that these
changes have not been able to influence national results in international surveys yet.

In all mentioned countries, the so-called single structured education (integrated
primary and lower secondary education') is established (Eurydice, n.d.) with two
deviations:

e In the Czech Republic, the basic education is organised mostly within the
single structure system, nevertheless the multi-year general secondary schools
and eight-year conservatoires can provide lower secondary education as well.

e In Poland, the lower secondary education is held at three-year lower secondary
schools (gimnazjum) which have been phased out since 2017. Pupils graduating
from the 6 grade of primary school become pupils of grade 7 in a new 8-year
primary school, i.e. the level of Polish lower secondary school will be included
in a single structure as well. Moreover, a compulsory external exam at the end
of grade 6 of primary education is cancelled due to the introduction of the new
structure.

1To unify the designation of educational levels (which differs in national curricula), we will use
this terminology in the following text: Basic education/school=ISCED 1+ 2 (together), primary
education/school =ISCED 1, lower secondary education/school=ISCED 2 (UNESCO, 2012).
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Fig. 4: Full-time compulsory educational system in Czech Republic, Estonia, Poland and
Slovenia

In Fig. 4 the full-time compulsory part of educational systems of all four coun-
tries are compared. Additionally, in Poland, three years of part-time compulsory
education follow up.

Is shown in Fig. 4, the Czech Republic is the only country where pupils at the
age of ca. 11 can pass entrance exams to be admitted at elective secondary general
school, so called gymndzium. On the other hand, if they remain at basic school
(most of the population), they are not forced to pass any exams during their whole
basic education, while in other countries they have to do so.

In Estonia, to acquire basic education, pupils have to pass a graduation exam in
Estonian language, maths and in a subject of their own choice as well as completing
a creative assignment (Estonian Ministry of Education and Research, n.d.; Eurydice,
n.d.).

Polish pupils leave their primary school passing a national test in Polish lan-
guage, maths and foreign language. Also the lower secondary school is finished by
examination, specifically in humanities, math and science and foreign languages;
the results together with the final assessment determine pupils’ admission to up-
per secondary schools (Polish Eurydice Unit, 2015). On the other hand, exams
finishing the 2°¢ and 3" stage in Slovenia do not influence the marks or have any
impact on the educational path of pupils. These examinations are held in math,
the native language and a foreign language in 6" grade, and further in math, the
native language and a third subject chosen by the ministry in 9" grade (Tastanoska,
2017).

2.4 CURRICULAR DOCUMENTS ON LOWER SECONDARY LEVEL

In the Czech Republic, there is a two-level structure for the educational program-
me — state (The Research Institute of Education, 2017) and school levels. The
state level curriculum document, Framework Education Program for Basic Educa-
tion (FEP), specifies among others particular objectives, form and basic curricular
content of education, and general conditions for their implementation.? In accor-

2At some points, the FEP refers to the Czech Education Act and to the Decree no. 48/2005.
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dance with the FEP, each school creates its own education programme, which pro-
vides the framework for implementing education in particular schools.

The Estonian National curricula for basic schools (Estonian Ministry of Edu-
cation and Research, 2014) consists of a general part and appendixes. The general
part forms the national standard for basic education and the appendixes include sub-
ject field syllabuses, optional subject syllabuses and descriptions of cross-curricular
topics. Similarly as in the Czech Republic, each school creates its own education
programme based on the national curricula.

The National curriculum in Poland (Polish Ministry of National Education,
2012) establishes the standard for education in all school levels. It specifies teaching
objectives for each subject. All teachers have to integrate the national curriculum
into their own subject-specific syllabus or to choose a commercial syllabus.

The structure of education in Slovenia is set forth in the White Paper revised in
2011 (Krek & Metljak, 2011). The White Paper deals with individual areas of the
educational system, describes common learning objectives and discusses education
of pupils with special needs, gifted pupils, national minorities or adult education.
Syllabuses of individual subjects are described in separate documents on the website
of the Ministry of Education, Science and Sport (Ministry of Education, Science and
Sport, n.d.).

In the following text we proceed from information obtained in these documents
without repeated citations unless otherwise specified.

3 COMPARISON OF PRESCRIBED PHYSICS CURRICULA

On the basis of documents described in the subchapter 2.4, we will now compare all
four countries in fundamental aspects we find important for physics education.

3.1 PHYSICS IN THE CONTEXT OF THE NATIONAL CURRICULA

In Czech lower secondary schools, Physics is (together with Chemistry, Natural
Sciences and Geography) a part of educational area Humans and Nature, which
build on primary school educational area Humans and their world. The minimum
time allotment for the whole lower secondary area is 21 lessons per week (Ipw) for
the whole four years (grades 6-9); at their discretion, school directors can increase
this number using some of 18 lpw disposable. For Physics, specific time allotment
depends on each particular school.

Estonian pupils are learning Science since they enter the school — in grades 1-7
with total 12 lpw. In grades 8 and 9, the separate Physics, which should deepen
the knowledge gained in Science, appears with total allotment 4 lpw. Additionally,
there are also 4 lpw disposable to support selected subjects in the 3™ stage.

In Poland, Physics is a separate subject at lower secondary schools following
the primary school educational area Natural Science. The curriculum allocates for
Physics minimally 130 compulsory lessons, which corresponds to 4 lpw during the
whole three-year period (Francuz-Ornat & Kulawik, 2009).

Slovenian curriculum contains Science taught in grades 4-7 (with total allotment
11 lpw) which is — similarly as in Estonia — in grades 8 and 9 replaced by more
specialized subjects, among others by Physics with 2 lpw in both grades.
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3.2 TEACHING CONTENT AND LEARNING OUTCOMES

The core of all above mentioned curricular documents is created by the variously
detailed list of prescribed learning outcomes which should be reached by pupils —
in other words, what pupils should learn or manage.

Polish curriculum is based only on these outcomes and does not contain any list
of prescribed teaching content (concepts or laws required). In Estonia and Slovenia,
learning outcomes are explicitly associated with related physics content and both are
obligatory for teachers. The Czech curriculum uses a different philosophy, because
the teaching content is not obligatory while the learning outcomes are; this leads
to the slightly paradoxical situation, when some physics topics in the FEP lack the
relevant related outcome and vice versa.

To get an idea of how the structure of particular curricular documents looks like,
we choose the topic “lenses” on which we would like to illustrate the approach and
the degree of detail applied in each country. Tab. 1 shows the verbatim excerpts
from curricular documents related to this topic.

At first sight it is obvious that the Estonian national curriculum is much more
extensive and detailed in comparison with the other countries — this applies in
almost all physics topics. On the other hand, the Czech learning outcomes are
formulated rather vaguely avoiding optical concepts related to lenses.

Besides the way how the outcomes are formulated, we also focused on the breadth
of the topics being taught. In Tab. 2, we summarize what physics topics are pre-
scribed by curricular documents in compared countries at lower secondary school
level.? Tab. 2 does not take into account, how deeply are different topics dealt with,
as well as what time is allocated for them — it only shows what particular physics
topics are present in the curricular documents.

From Tab. 2 a few interesting findings could be extracted:

e In Estonia and Slovenia, some topics are contained in the curriculum of Science,
so they are no more mentioned as a part of physics lessons.

e Estonia is the only country dealing also with micro-world physics at lower
secondary level. On the other hand, Polish curriculum completely resigned
from topics of modern physics and astronomy, which is also explicitly written
there.

e Czech pupils should learn — unlike their foreign peers — about semiconduc-
tors or alternating voltage; however, they can completely miss topics about
oscillations and waves.

e In Slovenia, some topics could be incorporated in physics lessons optionally —
an example is electromagnetic induction or semiconductors, but also the 3™
Newton’s law (while 15° and 2°¢ law are obligatory).

However, all these findings are made on the basis of prescribed curriculum analy-
sis, they do not have to reflect what is really happening during the instruction.

3 As we mentioned above, the teaching content is not obligatory in the Czech Republic, but we
used both the content and outcomes to fill in Tab. 2. The reason is that many learning outcomes
are formulated very vaguely or focused too narrowly. On the other hand, it is illogical to proceed
from teaching content only, because it lacks some topics which evidently must be taught to meet
learning outcomes. For example, a semiconductor diode is not mentioned in the list of teaching
content, but there exists a learning outcome “the pupil connects a semiconductor diode correctly”.

Scientia in educatione 39 10(3), 2019, p. 33-49



Tab. 1: The comparison of what the curricular documents contain related to the topic

lenses

teaching
content

learning outcomes

Czech
Republic

Refraction by
thin converging
and diverging
lenses
(qualitative).

Pupils will decide, based on their knowledge of the speed
of light in two different media, whether light will be
refracted towards the normal or away from it, and use this
fact in analysing the path of light through a set of lenses.

Estonia

Non-flat lens.
Concave lens.
Focal length of
lens. Optical
strength of
lens.

Pupils:
e describe the important features of the following
concepts: angle of refraction, focus, real
representation and apparent representation;

e cxplain the meaning of focal length and optical lens
strength and ways of measuring them and know the
measuring unit used;

e explain the patterns of the refraction of light (i.e.
when light is transmitted from one environment to
another it refracts depending on the speed of light in
substances either towards the perpendicular line of
the surface or away from it) and explain the meaning
of the formula D = 1/f and use this formula in
solving problems;

e describe the function of non-flat lens, concave lens,
glasses and light filters and give examples of their use;

e conduct an experiment measuring the focal length of
a non-flat lens or creating an enlarged or decreased
representation of an object with a non-flat lens, know
how to describe the representation created, construct
a drawing of the experimental instrument to which
they add the distances between the object, the lens
and the screen and process the data of the
experiment.

Poland

Pupils:

e describe the way of rays passing through the
converging and diverging lenses (running parallel to
the optical axis), using the terms focus and focal
length,

e by constructing find the image created by lenses,
distinguish between real/apparent, upright/inverted
and enlarged/reduced images.

Slovenia

Lens
properties.
Image
formation by
converging
lens.

Pupils:
e adopt the concept of the focal point and the focal
length of the converging lens;
e try to explore the law of the image formation by
converging lens and analyse the flow of rays through
the collecting lens (experimentally).
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Tab. 2: List of physics topics prescribed by curricular documents in compared countries.
Legend: / =taught in Physics, \/S = taught in Science, x =not taught at lower
secondary school level

topic and subtopics

Czech
Republic

Estonia

Poland

Slovenia

units and their measurement

<
)

movements

<
)

forces, Newton’s laws

work and power, energy

v

pressure in fluids, Archimedes’ principle

<Jo e

mechanics

atmospheric phenomena and weather

ol
I
=
st

<

optionally

electrostatics

v

electric circuits, Ohm’s law

vV

magnets and their properties

v

magnetic fields due to electric currents

vV

electricity
and magnetism

electromagnetic induction optionally
alternating current/voltage X
generation of electricity, power plants VS
semiconductors optionally
Earth’s magnetic field optionally

temperature and heat

calculation of heat

thermal
physics

changes of states

oscillations

XSS XSS S S S X X XS S

waves

X

oscillations
and waves

acoustics

reflection and refraction of light

U S S S PSS [ X X XX =

XXX XXX XX XSS S| S| S SO S S XX XXX S S S XS S < X

| X x| SR S TS TS ==

v
\/
@ | mirrors vV
2 | lenses vV
°© principle of eye X
lights and colours X
Solar System vV
% movement of Earth, Moon phases vV partly
2. | stars vV X
creation/development of the universe X X
o~ | structure of atoms X VS
€73 | radioactivity X vV
& ® uclear energy vV N
3.3 INTERDISCIPLINARY AND CROSS-CURRICULAR TOPICS

Interdisciplinary and cross-curricular topics are not mentioned in Polish curriculum,
so we left it from this chapter.

3.3.1

INTERDISCIPLINARY TOPICS

In all other curriculums (except for Poland) physics is viewed as a part of other
science subjects and connection between Physics (or Science) and Mathematics is
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emphasized. In Estonian curriculum, connection between Science and other subjects
is described in detail. For example connection between Science and Art: “The
shaping of art competence is supported by formulation of research results, making
presentations, going to exhibitions, valuing the beauty of nature in study trips etc.”

3.3.2 CROSS-CURRICULAR TOPICS

In the Czech Republic, there are six cross-curricular topics:
e personal and social education;
e democratic citizenship;

e education towards thinking in European and global contexts;

multicultural education;
e environmental education;
e media education.

These topics are mandatory in basic education, but it is the school’s responsibility
to implement them. They could be used as an integrated part of the educational
content of some subjects or as a special subject, projects, seminars etc. Each cross-
curricular topic has a few thematic areas and example, how the topic is related with
other subjects and educational areas. For example, the thematic areas in the topic
Environmental education are:

e ccosystems;
e fundamental conditions for life;
e human activities and environmental problems;

e humankind’s relationship to the environment.

In the Estonian curriculum, there are eight cross-curricular topics:

e environment and sustainable development;

lifelong learning and career planning;

citizens’ initiative and entrepreneurship;

cultural identity;

information environment;

technology and innovation;
health and safety;

values and morality.

There are some options, how to implement these topics into science. For example,
about Information environment: “While studying natural sciences, students gather
information from different sources of information, evaluate and use this information
critically.”

In Slovenian (and Polish) documents, the cross-curricular topics are not men-
tioned.

3.4 METHODS

In all other curriculums except for the Czech one, active learning methods are em-
phasized. For example, in Estonia:
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Significant attention is paid to shaping the studying motivation of stu-
dents, and in order to achieve this various interactive study methods are
used: problem-based and research-based studying, project work, discus-
sions, brainstorming, role plays, study outside of the classroom, study
visits etc.

Active methods are recommended in Poland too (experiments, problem-solving
and work with different materials should be the main activities during lessons),
group work is said to be equally as important. Similarly, according to the Slovenian
curriculum, the learning should be based on pupils’ activity, their observation and
experiments.

All three curriculums (except Czech) mention some example of experiments
pupils should do. In Estonia, each topic has a part called “practical work and use of
ICT” where several laboratory works are described. The Polish curriculum mentions
14 experiments which should be done during lessons (at least half of them in groups,
the rest as demonstrative). In Slovenia, there are chosen learning outcomes which
should be reached by doing experiments.

In the Czech curriculum, the methods are mentioned only generally in the begin-
ning of the educational area Humans and Nature. There is mentioned that Physics,
Chemistry, Biology and Geography have explorational character. In these subjects,
pupils develop some important skills as observing, experimenting and measuring,
making hypothesis etc. There are not mentioned any active methods in Physics,
any recommended experiments, but there are a few learning outcomes which sup-
pose active work of pupils (for example “pupils measure some physical quantities
using suitably chosen meters”).

3.5 ASSESSMENT

The Czech FEP refers to Czech Education Act and to Decree no. 48/2005. Accord-
ing to them, the assessment should be written in school rules where the criteria of
assessment should be specified together with “principles and methods of assessment
and self-evaluation results of education and behaviour of pupils including how ev-
idences of assessment are gained”. What should be assessed and how to assess in
Physics or in Science is not mentioned.

In Estonia, it is specified how to assess in Science:

The aim of assessment is primarily to support the development and
studying motivation of the students. In evaluating written assignments,
primarily the content of the work is evaluated, but grammar mistakes
are also corrected, which are not taken into account in assessment. The
forms of checking learning outcomes must be diverse and in accordance
with learning outcomes. The students must know what is being evalu-
ated and when, what forms of assessment are being used and what the
criteria of assessment are.

In Poland, the assessment is not mentioned in the curriculum.
The Slovenian curriculum has specified how to assess in Physics:

The knowledge is checked with oral and written evaluating, checking
experimental work, project work etc. Written assessment is not oblig-
atory; if tests are implemented, they should be assembled in such way
that more than half of the points can be achieved with non-calculating
tasks.
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3.6 COMPETENCES

In the sense of the Czech, Estonian and Slovenian national curricula, competences
are defined as combination of knowledge, skills, abilities and attitudes important to
the personal development in a particular field. In the Polish national curriculum, the
word competency is not defined, but this document describes the most significant
skills, which pupils should develop during their education. After their detailed
analysis, it is evident they can also be understood as competences in terms of the
definition mentioned above.

3.6.1 CzECH REPUBLIC

In Czech educational system, together six groups of competences are defined for
basic education:

e learning competences;

problem-solving competences;

e communication competences;

social and personal competences;
e civil competences;
e working competences.

These competences are formed and developed in all educational areas and contain
detailed description of objectives that the pupil is expected to master at the end
of basic education. Instructions how to gain these objectives are stated in every
educational area (not in particular subjects such as Physics) — here is an example
for area Humans and Nature:

Pupils are guided towards:

e Testing natural phenomena and their interconnections through the use of var-
ious empirical fact-finding methods (observation, measurement, experimenta-
tion) as well as various forms of rational thinking.

e The need to ask themselves questions regarding the form and causes of various
natural processes, to properly formulate these questions and to seek satisfactory
answers to them.

3.6.2 ESTONIA

Estonian national curriculum distinguishes between seven general competences, sub-
ject field competences and competences expected in stages of study. General com-
petences below are described in great detail and developed through all subjects:

social and citizen competence;

self-management competence;

learning to learn competence;

e communication competence;

mathematics, natural sciences and technology competence;

e entrepreneurship competence;

digital competence.
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The subject field competences in natural science refer to the capability to:

e observe and explain phenomena and processes that exist in the natural, tech-
nological and social environment;
e analyse the environment as a system;

e identify science-related problems occurring in the environment and use natural
science methods to solve them;

e make decisions on socio-scientific issues.
These competences are completed with the so-called “competences in stages of

study” — general objectives saying what basic school graduates are expected to be
able to do. In Physics, these objectives are:

e show an interest in physics and other natural sciences and understand their
importance in the development of everyday life and society;

e acquire physics-related knowledge and process skills necessary for functioning
in everyday life and lifelong learning;

know how to apply the scientific method when solving problems;

3.6.3 POLAND

Polish national curriculum states eight competences that the pupil should gain dur-
ing his or her lower secondary education:

e reading competence;

e mathematical thinking;

e scientific thinking;

e teamwork competence;

e ability to search, select and critically analyse information;

e ability to effectively use modern information and communication technologies;
e learning to learn competence;

e communication in mother tongue and foreign languages.

One of the most important goals of the lower secondary education is seen in
continuation of learning communication in mother tongue, including enriching the
pupils’ vocabulary. The emphasis is also put on digital competences. For the edu-
cational field Physics, no specific competences are stated.

3.6.4 SLOVENIA

In Slovenia, specific competences are addressed in syllabuses of individual school
subjects. This section deals with competences stated in the Physics syllabus, but
similar ones could be found in the syllabus of Science:

critical thinking;

problem solving;

creativity;

initiative;
e decision making;

e risk assessment.
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However, realization of many components of following competences is also en-
abled:

e mathematical competence;

e communication in mother tongue;

e communication in foreign languages;
e digital competence and literacy;

e learning to learn competence;

e social competence.

All these items contain specific suggestions how to develop them. For instance:
“Competence of the digital literacy is based on the use of information technologies
(IT), especially simulations, interactive animations and measuring with sensors.”

4 DISCUSSION

After detailed analysis, we can state that Czech curricular documents are much less
binding and strict in comparison with Estonia, Poland and Slovenia. The Czech
FEP gives schools a quite strong autonomy in deciding how the learning process
will look like. From the perspective of this document, Czech teachers have more
freedom when constructing their lessons, both in selecting specific learning topics
and methods; this finding is valid not only in Physics, but also generally. Also Czech
pupils experience considerable freedom, because they are (unlike their foreign peers)
not subjected to any obligatory centrally prescribed examinations or tests at lower
secondary level. Among compared countries, the Czech educational system is also
unique in that pupils can (typically after grade 5) change to elective schools, which
however have to follow the same curricular documents as common basic schools.

The wide autonomy of Czech lower secondary schools is also manifested by time
allotment dedicated to physics. While Poland and Slovenia have a fixed number of
physics lessons and in Estonia, the guaranteed number of lessons could be increased
by disposable ones, the Czech curriculum allocates time only for the whole educa-
tional area Humans and Nature — because of that, the time allotment for physics
may significantly vary at different schools.

For this reason it is impossible to generalize in which grade Czech pupils start
with Physics; their Polish peers do this in grade 7 and in both Estonia and Slovenia,
pupils meet Physics only in grades 8 and 9, when it follows up on Science.

If we focus on what physics topics are taught (see Tab. 2), in traditional branches
like mechanics, electricity, thermal physics or optics we have not found any funda-
mental differences between the countries. Interestingly, Polish curriculum explicitly
avoids all topics from modern physics; on the other hand, Estonian documents deal
also with micro-world physics at lower secondary level.

The degree of knowledge which should pupils gain is in all countries expressed
by a list of learning outcomes — in other words, what should pupils know and be
able to do. In this field, the Estonian curriculum excels due to its punctuality, when
some outcomes include even explicitly stated mathematical formulas. In contrast,
Czech learning outcomes are the least numerous and the shortest, poor in concrete
physics concepts.

Estonian, Polish and Slovenian curricular documents deal also with methods,
which could be used by teachers — in all three countries, emphasis is placed on
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active methods, student-centred and inquiry-based learning. The Czech FEP does
not contain any similar recommendation concerning teaching methods.

In Estonia and Slovenia, the curricular documents also mention the aim, sub-
ject and way of assessment in Physics or Science. We have not found any similar
instructions in Polish and Czech documents; as in many other cases, in the Czech
Republic the responsibility for assessment is left to schools.

As far as competences are concerned, all four countries included them into their
curriculum in different forms. However, it seems that in Estonia, Poland and Slove-
nia the general, not subject-specific, competences ideologically come from key com-
petences for lifelong learning (European Communities, 2007) defined by the Euro-
pean Parliament. Czech key competences are formulated in a different way. Ex-
cept for general competencies, Estonia and Slovenia define specific competencies for
Physics; Slovenian curriculum also mentions examples of their implementation in
teaching.

In general, Estonian and Slovenian curriculum are in many aspects quite close
and have in common especially much more detailed structure of teaching content
and learning outcomes in comparison with Czech Republic and Poland.

5 (CONCLUSIONS

On previous pages, we compared physics curricula of four post-communist countries
from different perspectives — e.g. physics teaching content, learning outcomes re-
quired from students, teaching methods etc. The overall impression we got shows,
that in the Czech Republic, curricular documents offer both schools and teachers
high level of autonomy to adapt the lessons according to their ideas. This consider-
able freedom is enabled and simultaneously redeemed by brevity and superficiality
of the main Czech curricular document, Framework Educational Programme. The
remaining three countries are characteristic by more rigid and detailed rules, which
determine what the learning process looks like.

However, it is hard to say, if and how the nature of curricular documents con-
tributes to quality of instruction. At first, PISA survey, which we took as a starting
point of this paper, certainly cannot be a single indicator of this quality. Fur-
thermore, we have no idea how the curricular documents are really implemented
in schools and how particular teachers work with them. Finally, it was beyond
the scope of this article to analyse the system of future teachers’ preparation in
compared countries, but that is something that is essential for the results of every
educational system of the world. Despite that, we hope this study could serve as an
inspiration for possible curriculum changes planning in the Czech FEP in the near
future.
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Abstract

This article presents an analysis based on the principles of (international) comparative
pedagogy focusing on the study of the similarities and differences in subject-specific com-
petences, educational content, and teaching strategies and methods. The analysis focuses
on the field of chemistry, specifically the intended curriculum of the abovementioned coun-
tries for the level of lower secondary education. Three parameters were monitored and
compared: the number of hours allocated for the teaching of chemistry, of all science sub-
jects from the 6% to 9*" grades, the educational content of the subject of chemistry and
the teaching strategies discussed and/or recommended for the teaching of natural sciences.
Analysis has shown that chemistry is taught for the same length of time, but chemistry
topics in Slovenia and Estonia are also taught within the subject Natural Sciences in the
7t grade. The expected outcomes are comparable in all countries, but Czech outcomes
are grouped into broad topic areas with few outcomes. The expected outcomes from other
countries are specified in much more detail. The recommended teaching methods are
most closely described in the Slovenian curriculum, which also contains extensive didactic
recommendations for individual subjects.

Key words: chemistry curriculum, comparative analysis, instruction time, learning out-
comes, teaching strategies.

Srovnavaci analyza vzdélavaciho oboru chemie
pro zakladni skoly v ramci ¢eského, polského,
slovinského a estonského vzdélavaciho programu

Abstrakt

Cilem ¢lanku je pfedstaveni analyzy vychazejici z principt (mezinarodni) srovnavaci peda-
gogiky se zaméfenim na zkoumaéani shod a rozdilti oborové specifickych kompetenci, vzdéla-
vaciho obsahu (hodinova dotace, rozsah a zaméfeni uciva) a metod a postupu ve vyuce
(zafazeni hands on aktivity, badatelsky orientované vyuky apod.). Analyza se zaméfuje na
vzdélavaci obor chemie, konkrétné na zamyslena kurikula shora uvedenych zemi pro troven
nizsiho sekundarniho vzdélavani. Byly sledovidny a porovnévany tfi parametry: pocet
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hodin alokovanych pro vyuku chemie, popt. vSech prirodovédnych predméti od 6. do 9. t¥i-
dy, vzdélavaci obsah pfedmétu chemie a vyucovaci metody diskutované a/nebo doporuco-
vané pro vyuku pfirodnich véd. Analyza ukdzala, %e chemie je vyucovana stejné dlouhou
dobu, ovSem pfirodni védy jsou ve Slovinsku a Estonsku vyucovany v ramci ptirodovédy
uz v 6. tridé, pricemz chemické témata jsou soucasti kurikula 7. t¥idy. Ocekavané vystupy
jsou porovnatelné ve vSech zemich, ovsem ¢eské vystupy jsou sdruzovany do Sirokych celktl
s mensim poctem vystupu. Ocekdvané vystupy ostatnich zemi jsou mnohem vice speci-
fikovany. Doporucované vyucovaci metody nejblize popisuje slovinské kurikulum, které
obsahuje také rozsahla didaktickd doporuceni pro jednotlivé predmeéty.

Klic¢ova slova: chemické kurikulum, srovnavaci analyza, ¢asova dotace, oCekdvané vys-
tupy, vyukové metody.

The national educational system and corresponding documents, especially the
national curriculum, have a major influence on the process of education. It is nec-
essary to pay attention to curriculum changes and revisions as they can have far-
reaching social, political, economic and mostly educational process consequences.
The curriculum is continuously updated by minor changes, but major ones have to
be prepared thoroughly in their conception as well as in their content so that the
consequences for society will be positive. The way of preparing and implementing
the updates partly determines the result at schools. The Czech national curricula
are called the Framework Educational Programmes (FEP) and after fifteen years
of them being in force, revisions for preschools, lower secondary education, general
higher secondary and vocational education shall be prepared. The aim is to set
a common basis for the individual development of each student by clearly setting
the scope and content of education. These changes should provide sufficient time
to consolidate the knowledge and skills necessary to achieve the required learning
outcomes as well as to develop individual creativity (NUV, 2018). In the process
of revision, other educational systems and curricula can be inspiring and useful.
From comparison and analysis of the documents results can be drawn that sup-
port the preparation and implementation of curricula in the Czech Republic and
thus make the process more transparent. Another important aspect is that the
updates/revisions of curricula should keep to a similar framework to that which is
being implemented in other European countries.

The presented research focuses on chemistry education, for which Polish, Slove-
nian and Estonian curricula for lower secondary education (ISCED2) were chosen.
The choice of the countries was determined intentionally. The intention was to
compare the documents of countries that: (1) are successful in international sur-
veys, such as the Programme for International Student Assessment (PISA), and
(2) have a similar historical background. From all countries, there are these three
(Poland, Estonia and Slovenia) that did better than the Czech Republic in the 2015
PISA testing (OECD, 2016: p. 44). Furthermore, these countries used to be part
of the Eastern Bloc of states and/or are Slavic countries. Additionally, Estonia
and Poland are countries in which the differences in science literacy results between
the schools in the country are under the OECD average, while in the Czech Re-
public the differences are above the average. Educational systems creating different
tracks through the system and allowing students to switch among them tend to have
larger differences in between-school performance scores and show an impact of social

background on learning outcomes (Blazek & Pfihodova, 2015: p. 33; OECD, 2016:
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p. 225-226). This means that secondary education in the Czech Republic might be
found to be selective and students do not have the same opportunity to achieve the
same education since it depends on the school the individuals attend. Another as-
sessed aspect in PISA 2015 testing was collaborative problem solving, where out of
the European countries, Estonia (followed by Finland) was the one with the highest
score, significantly above the OECD average, while the performance of students from
the Czech Republic and Slovenia was not significantly different from this average
(OECD, 2016: p. 41).

THEORETICAL FRAMEWORK

The PISA and also other (inter)national assessment results reflect many aspects of
education, that can be additionally more or less analysed. This study is focused on
curricula with respect to the ongoing Czech curriculum revisions. Therefore, we aim
our attention on aspects that could improve the Czech curriculum, so that it is more
relevant for the students’ achievement and the teachers’ smoother implementation
of the content and/or changes into school practice.

One of the most obvious parameters to be compared are learning outcomes and
learning content, because “what” is taught constitutes the core of the education.
For such comparison qualitative comparative analysis (see, e.g., Mayring, 2000) is
mostly used. National curricula, as crucial documents that have an impact on almost
everyone, are often under analysis. Therefore, many studies are devoted to curricula,
moreover, there are journals that focus on curricula research, such as the Journal
of Curriculum Studies, the Curriculum Journal, Transnational Curriculum Inquiry
and Curriculum Inquiry.

A variable that could have an effect on students’ achievement is instructional
time, but it seems not to be independent variable. The results in the Trends in
International Mathematics and Science Study (TIMSS) show that one cannot de-
duce the students’ achievement from instructional time spent on education. There
are countries that are high performers in science (grade 8) and spend above average
instructional time, such as Slovenia, the Russian Federation, Hungary and Lithua-
nia (Martin et al, 2016a, b). On the other hand, there are countries that spend
a great deal of time on instruction, but their students perform relatively poorly,
under average; these are Malta, Lebanon and Georgia. On the other hand, there
are also countries that report an under average number of hours on science instruc-
tion, but achieve high results: for example Singapore, England, Ireland and Sweden
(Martin et al., 2016a, b). International studies are also ambiguous: Pattal, Cooper
and Allen (2010) reviewed this kind of research and concluded there is a small pos-
itive or neutral effect in extended school time on the students’ achievements. This
can be supported by a later three-month experiment done by Meyer and van Klav-
eren (2013) carried out in seven Dutch elementary schools. On the other hand,
there are recent studies confirming the positive effect of instruction time on achieve-
ments, such as in mathematics (Jensen, 2013), or a decrease in grade repetition
in Indonesian schools (Parinduri, 2014). Andersen, Humlum amd Nandrup (2016)
argue that most of the previous studies were performed on small-scale samples and
with weak designs, while their study is large-scale and randomised. Their results
show a positive impact of increasing instruction time and compare that extra time
with no formal requirements on content is at least as efficient as extra time with
a detailed teaching programme. Andersen also confirmed previous studies (Duck-
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worth & Seligman, 2006; Baumeister, 2007) in which extending the school day may
cause behavioural problems (students become more aggressive and hyperactive; have
trouble managing their emotions), mainly in boys who tend to have less capacity for
self-control than girls. However, another large-scale study (about 11500 students)
performed in Switzerland (Cattaneo, Oggenfuss & Wolter, 2017) confirmed a small
increase in students’ PISA achievements, but the study discusses the effectiveness
of this with respect to the high cost that each extra hour brings. Instruction time is
important for us, the authors of this article, because it shows how much chemistry
education is comparable and whether students have similar time to embrace the
required knowledge.

Beside “what” and “how much”, there is a crucial question of “how” chemistry
content is implemented into chemistry education. The unpopularity of natural sci-
ences is a constant problem that was discussed even at the beginning of the 20
century (Mead, 1906). There are authors that consider the youngsters’ interest as
a key to successful acceptance of the learning content. Hidi and Renninger (2006)
proposed a four-phase model for interest development (triggered situational inter-
est, maintained situational interest, emerging individual interest and well-developed
individual interest). They suggested that group work, puzzles, and computers im-
plemented by project-based learning, cooperative group work and tutoring trigger
situational interest, and opportunities for intersection and challenges lead to well-
developed individual interest. Some research discovered that teachers using methods
that are responsive, supportive and flexible, are optimal for interest development
(Durik & Harackiewicz, 2007; Reeve, 2002). Teaching methods that are the most
preferred by Finnish students in grade 9 and thus may most develop the students’
interest, were studied on a sample of 3 500 students (Juuti et al., 2010). Boys seemed
to be more satisfied with current science teaching, while girls preferred more inter-
active teaching methods. The structure of the division of teaching methods served
as a tool for determining teaching methods in curricula comparison.

The archetypal “how much”, “what” and “how” were transformed into research
questions for this study:

a) What is the number of hours allocated for chemistry education for each coun-
try?

b) What are the topic areas of chemistry learning content in particular national
curricula? How do the learning outcomes and content differ?

¢) What are recommended teaching methods for chemistry education?

METHODOLOGY

Based on the principles of comparative education, a comparative analysis of national
curricula was chosen as a basic research method. Our approach was qualitative and
focused on the comparison of the content (numbers, words, sentences or larger units),
not on the quantity of monitored codes. Specifically, the analysis is focused on the
educational field of chemistry for lower secondary education (ISCED2). The analysis
was performed with official documents, so the explicit (formal) curricula of coun-
tries were compared to the Czech national curriculum, the Framework Educational
Programme for Elementary Education (FEP EE). Regarding Slovenia and Estonia,
the current valid curricula were used for analysis, while for the Polish national cur-
riculum the former valid curriculum, which is related to success in international
assessments, was used.
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The list of analysed parameters of national curricula in the educational field of
chemistry is below:

a) The number of lessons allocated for chemistry education

b) Topic areas of chemistry learning content

¢) Methods and procedures used in chemistry education.

During the analysis of all four curricula, the parts of texts related to parameters
a, b and ¢ were coded. Parameter a, the total number of lessons of chemistry
(chapter 4.1) is discussed in detail as the total number of lessons for natural science
subjects, but our team also put an emphasis on the information of whether there
is time allocated for practical laboratory lessons. As a key for coding methods and
procedures (parameter ¢) was used a study by Juuti et al. (2009) which was focused
on teaching methods preferences of grade 9 students in Finland. This part of the
curriculum analysis uses the same groups of teaching methods as the Finnish study.

The key for coding the topic areas (parameter b) was derived deductively (May-
ring, 2000) from the FEP EE. The Czech topic areas, expected learning outcomes
and learning content were the independent variables to which other national curric-
ula were compared. In the Czech curriculum, learning content is not compulsory,
just recommended, although the key words of learning content were used as a tool
for more precise assignment of the Polish, the Slovenian and the Estonian curricula
to the Czech document, the FEP EE. The Czech FEP EE is processed too generally
and some parts of learning content are involved implicitly in expected outcomes.
Therefore, using learning content for valid mutual comparisons of topic areas was
a must. All of the ambiguities were discussed in an expert panel of this article’s
authors so that the objectivity of coding the topic areas would be guaranteed. The
table of the reciprocal assignment of the topic areas to each other is part of this
article. The nuances and the details of the assignment of the codes are discussed in
the next analytical part of this article.

DESCRIPTION OF RESEARCH SAMPLE

Before the comparative analysis of the national curricula will be described, the coun-
tries are briefly presented, mainly with a focus on an overview of their educational
systems and the valid documents.

Czechia, the Czech Republic, is a small advanced country (population
10.6 million, January 2017) located in the heart of Europe with a long industrial
tradition. The education is organised in kindergartens, basic schools, general and
vocational upper secondary schools and institutions of higher education. School
attendance starts at the age of 6 and is compulsory for 9 years (additionally, the
last year of pre-primary education is compulsory from September 2017). Regarding
basic education, primary and lower secondary education is organised mostly within
a single-structure system in nine-year basic schools which are divided into the first
(155" grades) and second stage (6'"-9'" grades). Lower secondary education is
also provided by six- or eight-year general secondary schools and eight-year music
and dance conservatoires. Compulsory school attendance, organisation, goals, as-
sessment, etc. are set out in the Act on Pre-Primary, Primary, Secondary, Tertiary
Professional and Other Education (the Education Act) (MSMT, 2004). The national
curriculum for basic education is called the Framework Educational Programme for
Elementary Education (FEP EE) (VUP, 2007) which defines the general obligatory
framework for all fields of study. Each school elaborates its own School Educational
Programme based on the FEP EE where all the content and process details of the
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educational programme are determined. The Education Act and FEP EE are also
available in English.

Poland, the Republic of Poland, with its 38.5 million inhabitants is located
in Central Europe and is the ninth largest country (by land area) in Europe. In
September 2017, a new educational reform began to be implemented. One of its
goals is to transform the primary and secondary educational structure into a single-
structure system where the model 6+3 years turns into a model of an 8-year basic
school. Since the results in the PISA reflect the former educational system, we focus
on the structure and documents valid until September 2017. The Polish former ed-
ucational structure consisted of four stages, corresponding to basic education, and
was partly compulsory until students were 18 years of age. Stages I and II, related to
primary education (“szkota podstawowa” 15-3"4 grades and 4**—6'" grades), was fol-
lowed by stage III organised in junior high school corresponding to lower secondary
education (7h-9' grades, in Polish: “gymnazijm”). The last, stage IV, higher sec-
ondary education, took two to four years according to the type of school (Eurydice,
2018a). The former educational system is officially defined in the School Education
Act; Polish national curricula are elaborated in special documents that are available
on the webpages of the Ministry of National Education. The curriculum for the III
and IV stages of education, valid until the 2016/2017 academic year, is available, in
Polish (MEN, 2007).

Slovenia, the Republic of Slovenia, is a small country (roughly 2 million
inhabitants) located in the south of Central Europe. Compulsory basic education
is organised in a single-structure nine-year basic school (“osnovna $ola”) which has
three stages, each for three years. After the second and the third stages (grades
6 and 9 respectively), students write a national assessment in three subjects. The
assessments should improve the quality of teaching and learning and they do not
influence the annual certificate (Eurydice, 2018b). The organisation of education,
the scope, competences, procedure and responsible bodies are determined in the Ele-
mentary School Act (MIZS, 2016). The national curriculum is called the “Education
Programme” and is available in Slovenian on the webpages of the Ministry of Edu-
cation and Sport (MIZS, 2018a). In addition to the aims, the programme and the
national assessment, there are also curricula for each subject, from which we focused
on chemistry (MIZS, 2011a, 2011b). All basic schools provide not just a compul-
sory, but also an extended basic school programme, including after-school classes,
morning care, remedial lessons, supplementary lessons, extracurricular activities, as
well as non-compulsory optional subjects (Eurydice, 2018b).

Estonia, the Republic of Estonia, is a small country in Northern Europe,
with approximately 1.5 million inhabitants (January 2017). Basic education is also
organised in a single-structure system with 9 compulsory grades of basic school
(“pdhikool”). The primary education has two stages (grades 1-3 and grades 4-6) and
children start to go to school at the age of 7 (Eurydice, 2018¢). Estonian education
is legally determined in the following documents: the different levels of education,
including basic education, the principles of management and organisation of the
educational system, and compulsory school attendance are defined in the Education
Act (HTM, 2018a). The basis of the organisation of study, the principles, the
rights and responsibilities of students, parents and school staff and other aspects are
described in the Basic Schools and Upper Secondary Schools Act (HTM, 2018b).
Finally, the national curriculum for basic schools, from 2011, establishes the values
and aims of education, the assessment principles and the syllabi of the subject areas
(Government of Estonia, 2011). All of the documents are available in English.
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RESULTS AND DISCUSSION

TIME ALLOCATED FOR CHEMISTRY EDUCATION

Czech basic education is mostly organised within a single-structure system in nine-
year basic schools. The schools are divided into two stages which correspond to
primary and lower secondary education. The second stage, lower secondary educa-
tion, takes up four grades, from 6 to 9*" (ages 11-15). The Framework Educational
Programme for Elementary Education defines the minimum time allotment for ed-
ucational areas or educational fields (FEP EE: p. 106). Physics, chemistry, biology
(nature) and geography are all included in the educational area called Man and
Nature and the minimum time allotment per week for these subjects all together
and for all four grades is 21 lessons. This means there is no official regulation for
a subject nor a grade on time allotment, the only rule is to fulfil the total time
allotment in four years. Each school defines in its School Educational Programme
how the time allotment will be distributed for natural science subjects (or an inte-
grated subject). The usual practice is chemistry is taught in the 8" and 9" grades,
in both cases 2 lessons per week. In Table 1 is this is the time allotment for Czech
Republic marked as a summary of week lessons for all grades and subjects as it is
in the Framework Educational Programme.

Tab. 1: Time allotment per week for natural science subjects

Czech Rep. Poland Slovenia Estonia
Grade 6l 7896 7]8]9]6]7] 8[9][6]7]8]9
Physics - >4 -1 2 |2]|-]-] X4
Chemistry — >4 -1=-1 2 |2 -1 >4
Biology 221 T x4 || 152 S5
Geography - >4 112|152 - > 5
Science f‘f‘f‘f 37‘7‘723 - 732‘7‘7
Total 21 3+16=19 | 54+18=23 | 5+18=23
ISCED level 2021221122212 2 11222
Chemistry 2|2 1121 2 |2 2|2
Laboratory work Not defined Not defined | Not defined | Not defined

Tab. 1 above compares the time allotment for science subjects to the Czech time
allotment. The Czech curriculum defines for the educational area Man and Nature 21
hours per week for the whole second stage (grade 6-9, ISCED2). The analysed
documents were: the Czech FEP EE (VUP, 2007: p. 106), the Polish Poradniky dla
dyrektora (Kapcia et al.: p. 40, 44-50; Domerecka et al.: p. 30, 32-34), the Slovenian
Predmetnik osnovne Sole (MIZS, 2018b) and the Estonian National Curriculum for
Basic Schools and Natural Science curriculum (Government of Estonia, 2011: p. 12;
Pevkur, 2011: p. 2).

Lower secondary education in Poland, Slovenia and Estonia takes three years
(79t orades). If we wish to compare the time spent on natural science in these
countries to the Czech curriculum, we have to compare the time spent on studying
natural science over four years, from grade 6 to grade 9. This means we have to
consider also the science subject taught in the 6™ grade (primary education) in
Poland, Slovenia and Estonia. In Poland, the subject Science is studied in the 6
grade 3 lessons per week; in Slovenia and Estonia Science is taught in the 6% and
also the 7" grade, parallel to geography and this gives 5 more lessons of natural
science (see Tab. 1 above).
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The total number for natural science subjects (physics, chemistry, biology, geog-
raphy and science) is similar despite some differences between the studied countries.
In Poland, students spend 19 lessons per week in grades 6-9 on studying natural
science in total, while students in Slovenia and Estonia spend 23 lessons. The Czech
Republic with its 21 lessons allocated for natural sciences over the four years is in
the middle. Although students in Poland have 17% less time for natural sciences
than students in Slovenia and Estonia, the PISA results do not reflect this.

Regarding chemistry, students in all of the compared countries spend the same
amount of time on this subject. In the Czech Republic, the time for the subject
chemistry is not specified, but mostly, chemistry is taught two lessons per week for
the last two years, in the 8" and 9*" grades, which means 4 lessons in chemistry
per week per second stage. In Poland, the total number for each subject in each
stage of education is defined, which means for chemistry 4 lessons. In Polish schools,
chemistry is taught all three years, mostly in the scheme of 1-2-1 lessons. In Slovenia
the time schedule for subjects for the whole of basic education is defined; chemistry
is studied two lessons per week in the 8% and 9* grades. Lastly, in the Estonian
curriculum for Natural Science, it is stated that chemistry, and physics, are studied
from the 8" grade for a total of 4 lessons per week, which mostly means the scheme
of 2-2 lessons in the 8% and 9" grades.

None of the compared curricula specifies the time allocated for laboratory prac-
tice. In the Czech Republic, laboratory practice during lower secondary education
is often performed mostly during chemistry lessons or in two lessons of laboratory
practice that are held irregularly or every two weeks.

CHEMISTRY CURRICULUM ANALYSIS

The educational content of chemistry as a school subject is divided into 7 topic areas
in the Czech FEP EE. These areas will be first briefly presented and compared to
the areas in other countries using a qualitative analysis approach. The table below
summarises the topic areas and gives an overview where the intersections of all
curricula can be found. The number of expected learning outcomes illustrates how
detailed the chemistry curriculum is for each studied country. Moreover, there is
a ratio representing how many outcomes out of the total of each compared curricula
matches with the Czech curriculum.

The first topic area, Observation, experiment and chemical safety, is de-
voted to basic laboratory practice, therefore the expected outcomes focus on safe
laboratory practice and handling emergency situations. The outcomes are gener-
ally described, without any particular suggestions for experiments as it is expected
that teachers are continuously applying practical methods. The only explicitly men-
tioned activities are separation techniques within the second topic Miztures and pH
measurement within the fifth topic Inorganic compounds. Nevertheless, none of the
compared countries isolates the practical work in a special topic area. When dis-
cussing the Estonian curriculum: three out of six outcomes from the first topic What
does chemistry involve? can be assigned to the Czech Observation, experimentation
and safety. These subcategories generally regard laboratory practice: properties
of substances, safety regulations and laboratory instruments. Moreover, each Es-
tonian topic area has a part describing practical work and use of ICT containing
specific experiments or suggestions for other practical (student-centred) activities.
However, there is no suggested laboratory work for the topic areas Atomic structure
and periodic table and Amount of substance — mole calculations. Similarly, the Pol-
ish chemistry curriculum suggests practical work among the outcomes of each topic
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area, except for the area Internal structure of matter and Carbon and hydrocarbons.
The Slovenian list of learning outcomes consists of two parts, the first of which fo-
cuses on content knowledge while the other focuses on the process of receiving the
knowledge and suggesting methods and activities for fulfilling operational objectives.
In this part, there are suggestions for an experimental approach for each topic, in
some cases followed by suggested laboratory activities. The only exception is the
topic area Amount of substance in which students learn theoretical counting. In the
Slovenian chemistry curriculum, safe laboratory practice is among the outcomes of
the first topic area Chemistry is a world of substances.

In the second topic area, Mixtures, students are expected to understand basic
separation techniques and their theoretical background (solubility, mixtures, mass
fraction); air, water and water pollution are also involved. The Czech curriculum
is the only one in which the topic of mixtures is separated from the others. In the
Polish chemistry curriculum, a concept of mixtures and separation techniques can
be found within the topic area Substances and their properties. Unlike the Czech
curriculum, the Polish one puts more emphasis on Water and water solutions: it is
a special topic area, but the outcomes deal with water as a solvent rather than from
the environmental point of view, although the two outcomes (water management and
solution saturation) are very similar to Czech outcomes. The Estonian learning out-
comes for chemistry education do not contain mixtures and separation techniques.
The only outcome regarding solutions and colloids is contained in the first Estonian
topic area What does chemistry involve? which correlates with the outcome for Mix-
tures in the Czech curriculum. Students get to know the concept of the structure
of substances and bodies, mixtures and separation techniques in the subject Science
which can be found in the Estonian curriculum from the first to the seventh grades.
The seventh grade is a part of the third stage of study (ISCED2) and it introduces
four topic areas which focus on basic physical, chemical and biological phenomena,
as well as technologies and scientific experimental approaches as a part the school
subject — Science (Pevkur, 2011). Similarly, the Slovenian chemistry curriculum is
lacking the topic of Miztures because it is a part of another subject, Natural Sci-
ences, taught in the 7*" grade. Its first topic area, called Substances, is comprised
of topics on chemical elements, mixtures and pure substances, solutions, separation
techniques and physical and chemical properties of substances, where students also
learn the concept of atomic structure and the periodic table (MIZS, 2011a).

The third topic area, The particulate composition of substances and
chemical elements, seems to be the most prevalent in the curricula of all of the
compared countries. Three Czech learning outcomes contain these topics: (1) atoms
and molecules, (2) chemical elements and chemical compounds, (3) metals vs non-
metals and the periodic table of elements respectively. There are more specific
concepts in the learning content. However, the learning content is only a set of
recommendations, and therefore it is not obligatory for school practice.

These concepts comprise the structure of the atom (nucleus, electron shell, elec-
trons in reaction), molecules, elements (periodic table, properties, atomic number)
and compounds, nomenclature and the essential concept of a chemical bond. The
Polish curriculum presents elements vs compound and metal vs non-metal outcomes
in the first introductory topic area, while the Internal structure of the atom focuses
on the structure of the atom and bonds between atoms in detail. Eight out of four-
teen Polish outcomes also match the Czech curriculum. The Slovenian chemistry
curriculum contains more information so we can find the concepts of atom-molecule
and elements-compounds in the first topic area Chemistry is a world of substances.
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Three outcomes devoted to the history of knowing the structure of the atom and
its relations with the periodic table of elements are included in the topic area The
Atom and the periodic system of elements. The Slovenian chemistry curriculum
defines a separate topic area Chemical bonds, where two outcomes match with the
Czech topic area. Additionally, the other outcomes are too specific to claim that
they correspond with the Czech curriculum. Three other outcomes regarding prop-
erties of elements reflecting the position in the periodic system and characteristics of
metals can be found in the fifth Slovenian topic area Elements in the periodic table.
Finally, the Estonian curriculum: the second topic area Atomic structure and the
periodic table: composition of substances corresponds to five outcomes regarding
the structure of the atom and two regarding chemical bonds (covalent vs ionic). In
the Estonian curriculum, metals are defined in the wide, separate topic — Best known
metals. As the Czech curriculum is very brief in its description of metals (“recognize
selected metals and non-metals and estimate their possible properties”, FEP EE:
p. 54), we can assume that just two of the Estonian specific learning outcomes about
metals meet the content of the Czech curriculum. We also have to state that unlike
the others, the Czech curriculum does not contain a concept of isotopes or ions.

Chemical reactions, the fourth topic area, presents outcomes related to the
nature of chemical reactions (reactants vs products, classification of chemical reac-
tions, chemical equations), the factors influencing the process of chemical reaction
and basic calculations (amount of substance, molar mass; the law of conservation of
mass). The Polish topic area Chemical reactions is very similar to its Czech version,
with the exception of chemical kinetics which is missing and an indwelling difference
between physical phenomenon and chemical reaction which are not included in the
Czech curriculum. The Slovenian topic area Chemical reactions is also similar to
the Czech (and the Polish) as five out of six outcomes match. However, chemical
kinetics is not included and the calculations are specified in the last topic Amount
of substance. On the other hand, Slovenian students learn the first concepts of
chemical reactions also during the subject Natural Sciences in the 7" grade. The
Estonian curriculum classifies chemical reactions within the curriculum of the sub-
ject Science, in the 7% grade, where students learn the difference between physical
and chemical phenomena and where they also study chemical reactions known from
their everyday lives. Chemical kinetics is mentioned among the outcomes of the fifth
topic area Best known metals, whereas the calculations of moles and molar mass are
involved in the seventh topic area Amount of substance: mole calculations.

The fifth Czech topic area, Inorganic compounds, is framed in three out-
comes devoted to: (i) comparing the properties and uses of selected oxides, acids,
hydroxides and salts important in practice, (ii) the concept of pH (scale, measuring
pH, neutralisation) and (iii) acid rain. The Polish chemistry curriculum does not
include inorganic compounds as an isolated topic. The analysis showed that six out
of nine outcomes from the topic Acids and bases correspond to the Czech acid and
base outcome. The topic area Salts is defined in six outcomes, but just two out
of them match with the Czech curriculum. The Slovenian curriculum defines the
topic area Acids, bases and salts where five out of eleven outcomes match with the
Czech curriculum — the concept of pH, neutralisation and the importance of acids,
bases and salts in everyday life. Lastly, the Estonian curriculum has a topic area
called Main classes of inorganic substances, but only two outcomes referring to the
description of important compounds and chemical pollution match with the Czech
curriculum, the other outcomes in the topic refer to chemical reactions of inorganic
compounds, solubility and calculations. Other outcomes corresponding to the Czech
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topic Inorganic compounds can be found in the topic area Oxygen and hydrogen,
where two outcomes relate to oxides (nomenclature). And the fourth Estonian topic
area, Acids and bases, matches five out of eight outcomes with the Czech outcomes
regarding acids and bases.

Organic compounds, which is the sixth topic area, consists of six outcomes re-
garding properties and applications of hydrocarbons, hydrocarbon derivatives!, fossil
fuels, photosynthesis and biomolecules (proteins, lipids, carbohydrates; vitamins).
The content of the following outcomes specifies that students learn about represen-
tatives of significant alkanes, alkenes, alkynes and aromatic hydrocarbons as well
as significant alcohols and carboxylic acids as examples of hydrocarbon derivatives.
The Polish curriculum divides organic compounds into two topic areas: Carbon
and hydrocarbons and Hydrocarbon derivatives. The first topic corresponds to the
Czech curriculum in four out of nine outcomes, and these outcomes refer to the
classification and properties of hydrocarbons. The topic Hydrocarbon derivatives
matches with the Czech curriculum in nomenclature and properties of alcohols and
well-known organic acids, properties of lipids, protein composition and carbohydrate
composition. This means eight matches out of seventeen learning outcomes. The
Slovenian chemistry curriculum discusses organic compounds in three topic areas.
The first one, Hydrocarbons and polymers, corresponds with the Czech curriculum
in five out of fourteen outcomes — fossil fuels, carbon’s ability to form compounds,
and properties of hydrocarbons. The other two topic areas are Organic compounds
containing oxygen and nitrogen atom(s). Furthermore, four out of thirteen out-
comes in the topic area Organic compounds containing oxygen atom(s) belong to
functional groups, polysaccharides and alcohols. The topic area Organic compounds
containing nitrogen atom(s) matches with the Czech curriculum in four out of ten
outcomes — aminogroup, proteins, and the role of proteins in the life of Man. On
the other hand, the Estonian curriculum discusses organic compounds mostly in
the topic area Carbon and carbon compounds (the structural possibilities of car-
bon, hydrocarbons in nature, alcohols and carbonic acids). There is only one out of
five outcomes, describing carbohydrates, lipids and proteins that is specified in the
ninth topic area The role of carbon compounds in nature and carbon compounds as
materials.

The last, the seventh, topic area, Chemistry and society, expects students to
orient themselves in the theoretical preparation and application of various substances
in practice (plastics, detergents, fertilisers, drugs, .. . ); students should also learn the
basics of the chemical industry and understand materials in the terms of sustainable
development. The Polish curriculum seems not to include these outcomes. The
Slovenian outcomes corresponding to the Czech curriculum can be found in the topic
area Hydrocarbons and polymers: three of fourteen outcomes deal with polymers and
derivatives influencing the environment. Regarding the Estonian curriculum there
are three out of five learning outcomes included in the topic area The role of carbon
compounds in nature which match with the Czech curriculum. These outcomes
contain the questions of renewable and non-renewable resources, characterisation of
best known metals and sustainable living.

IThe title Hydrocarbon derivates is a routine name used in Czech textbooks for naming the
group of hydrocarbon compounds containing other atom(s) beside carbon and hydrogen. It is
also a part of the Czech national curriculum, the FEP EE, that was used as a key document
for comparison. The Polish curriculum uses the same title — the topic area was originally called
Hydrocarbon derivatives (Pochodne weglowodordw). This division is not used in English literature,
but this text uses the term to keep and reflect the original (Czech) terminology.
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Tab. 2: Chemistry curricula — a comparison of topic areas

o o o
: ¥ £ &5
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(. = = =
Czech O‘Pld i;o gl . §o E . §o
Republic g olan g é ovenia § £ stonia § £
1. Observation, 3 1. Chemistry is  1/10 1. What does 3/6
experimenta- a world of chemistry
tion and substances involve?
safety
2. Mixtures 6 1. Substances 4/8  Science 70 1. What does 1/6
and their grade: chemistry
properties 1.1 Substances: involve?
5. Water and 2/7  Miztures and Science 7%
water solutions pure substances grade:
1.2 Substances: 2. Variability of
Solutions substances and
bodies
3. The 3 1. Substances 2/8 1. Chemistry is  2/10 2. Atomic 7/8
particulate and their a world of structure and
composition of properties substances the periodic
substances and 2. Internal 8/14 2. Atom and 3/7  table:
chemical structure of periodic system composition of
elements matter of elements substances
3. Chemical 2/8 5. Best known 2/8
bond metals
5. Elements in 3/10
the periodic
system
4. Chemical 3 3. Chemical 3/4 4. Chemical 5/6 5. Best known 1/8
reactions reactions reactions metals
10. Amount of  3/6 7. Amount of 3/6
substance substance: mole
Science 7" calculations
grade: Science 7"
1.4 Substances: grade:
Physical and 3. Natural
chemical phenomena
changes in the
substance
5. Inorganic 3 6. Acids and 6/9 6. Acids, bases, 5/11 3. Oxygen and  2/6
compounds bases salts hydrogen: the
7. Salts 2/6 most common
compounds
4. Acids and 5/8
bases:
substances of
opposing
properties
6. Main Classes 2/7

of Inorganic
Substances
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Tab. 2: continue
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7. Chemistry 3 7. Hydrocar- 4/14 9. The role of 3/5
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materials
Topic areas not corresponding with the Czech curriculum
4. Air and other 1. Chemistry is 1. What does
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substances involve?
5. Water and 3. Chemical 3. Oxygen and
water solutions bond hydrogen: the

most common
compounds

7. Salts

10. Amount of
substance

5. Best known
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7. Amount of

substance: mole
calculations

The Czech topic areas, listed in Tab. 2 above, are a basis for comparison with
the curricula of the other countries. The table contains columns with topic areas
and columns with a number of learning outcomes for each topic area. The compared
curricula have a ratio that corresponds to how many learning outcomes match with
the Czech topic area. In the second part of the table there are topic areas that do
not match with the Czech curriculum, or match it very loosely.

To summarise the table and description above, we can see that the Czech chem-
istry curriculum is divided into 7 topic areas with 27 expected learning outcomes,
which is less than any of the compared documents. Tab. 3 (below) summarizes the
number of topic areas and learning outcomes for four studied countries.

Tab. 3: The total number of topic areas and learning outcomes in chemistry curricula

Czech Republic Poland Slovenia Estonia
Topic areas 7 9 10 9
Learning outcomes 27 84 97 (57 + 40) 62
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The Polish curriculum states the outcomes more specifically, therefore there are
three times more outcomes. The Slovenian curriculum defines almost four times
more outcomes than the Czech one, although the higher number is caused by two
parts of outcomes as described above (the content knowledge outcomes and the
process knowledge outcomes). There are many topic areas which all four countries
include in their curricula. These topic areas are the structure of the atom and the
periodic table (topic area 3 in the Czech curriculum), inorganic compounds (topic
area 5 in the Czech curriculum), organic compounds (topic area 6 in the Czech
curriculum) and partly chemical reactions, even though it is not a separate topic
area in the Estonian curriculum. Inorganic compounds in the Czech curriculum
correspond to the topic areas acids, bases and salts named in the compared curric-
ula. The Czech topic area organic compounds indicates six outcomes, two of them
regarding photosynthesis, which is unique just for the Czech curriculum. The other
compared curricula describe biochemical topics dealing with proteins, lipids and
carbohydrates apart from photosynthesis. The Polish curriculum defines a special
topic area — hydrocarbon derivatives, whereas the Slovenian one contains two topic
areas — (i) oxygen and (ii) nitrogen containing hydrocarbon compounds.

Now, we can focus on the differences in detail. The Czech topic area Miztures
corresponds with the first Polish topic area Substances and their properties, but
there is a lack of these topics in the Estonian and the Slovenian chemistry curricula
as the topics are included in the Natural Science curricula for 7** grade. This means
Estonian and Slovenian students meet with this concept sooner than Czech students.
Moreover, the Estonian curriculum also presents the concept of chemical reaction
sooner, in the 7*" grade, as a part of the subject — Natural Sciences. The last topic
area in the Czech curriculum, Chemistry and society, focusing on secondary mate-
rials (e.g., fertilisers, plastics, drugs), sustainable development and the environment
matches with the Estonian topic area The role of carbon compounds in nature and
carbon compounds as materials and partly to polymers in the Slovenian curriculum.
We can say that this topic area is the most contextualised in the Czech curriculum.
The analysis showed there are other contextualised topic areas in the compared cur-
ricula: the Polish topic areas Air and other gases and Water and water solutions
focus on phenomena regarding gases and water respectively. Another example can
be found in the Estonian curriculum which earmarks two topic areas: Ozygen and
hydrogen: The Most Common Compounds and The best known metals. These con-
cepts are included in topic areas devoted to inorganic compounds in the curricula
of the other countries. The Estonian and the Slovenian curricula also present intro-
ductory topic areas (the Estonian What does chemistry involve and the Slovenian
Chemistry is a world of substances) that partly relate to the first Czech topic area
(Observation, experimentation and safety), but they also point out the significance
of chemistry for human life and introductory concepts that students may have met
in previous grades. Lastly, one of the most significant differences is that observation
and laboratory practice is a separate topic area in the Czech curriculum whereas
the other compared countries include these in each topic area.

TEACHING METHODS IN CHEMISTRY EDUCATION

In this research, the study by Juuti et al. (2009) was used for analysing the teaching
methods. Juuti focuses on teaching methods which are preferred by students in
the 9 grade. The effectiveness of each method was not considered because the
focus was on the development of the students’ interest. The teaching methods for
the Finnish study were chosen on the basis of which approaches or strategies are
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introduced in the pre-service teacher education programme at the University of
Helsinki, Finland.

Tab. 4 below summarises extracts from the compared national curricula that
correspond to each teaching method.

Tab. 4: The total number of topic areas and learning outcomes in chemistry curricula

Strategies in teaching natural science subjects

Teacher-led, large group lecture or dialogue

Czechia  Not specified

Poland  Not specified

Slovenia Not specified

Estonia  Not specified

Small group work

Czechia  Not specified

Poland  The amount of the teaching content creates many opportunities to work
using the educational project method (especially of a research nature),
chemical experiments or other activating methods (...). (p. 316)

Slovenia Experimental work should be focused on the individual experimental
part of each student (group work, pair work, individual work). (p. 23)
5.1.5 Project collaborative work
Students’ social skills are also developed in chemistry classes (the ability
to work together, agreeing, expressing ideas, taking into account
different views and opinions, etc.) with various activities (...). (p. 25)

Estonia  Not specified

Laboratory or practical work

Czechia  The instruction in this educational area is aimed at forming and
developing key competences by guiding the student towards:

(1) investigating natural facts and their interconnections while
employing various empirical methods of cognition (observation,
measurement, experiment) as well as various rational methods. (p. 51)

Poland  The student safely uses simple laboratory equipment and basic chemical
reagents; designs and conducts simple chemical experiments. (p. 210)

Slovenia Experimental work is the basic teaching method of chemistry education.
This work can be combined with other methods such as active learning
and teaching. (...) The experimental work should be focused on the
individual experimental part of each student (group work, pair work,
individual work). (p. 23)

Estonia  Through practical work, the students acquire the skills they need for
such work: learning how to use safely instruments for experiments and
the chemicals necessary in everyday life and assessing the danger of
everyday chemicals and materials used in everyday life and technology
for human health and the state of the natural environment. (p. 61)

Creative problem solving

Czechia A way of thinking which requires the testing of hypotheses on natural
phenomena through several independent methods. (p. 51)

Poland  Reasoning and applying the acquired knowledge to solve problems.

(p. 210)
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Tab. 4: continue

Slovenia

The key characteristics of teaching chemistry is problematic scientific
questions and activities that help: students learn about certain
concepts, facts, content or solve a problem. (p. 22)

Developing experimental skills and a research approach is very
important for introducing students to research work as it enables them
to systematically refer to: (...) the definition of an experimental
research problem, the setting up of experimental research questions and
the creation of hypotheses or the ability to predict. (p. 23)

Estonia

During study, an inquiry-based approach based on the scientific method
is used; solving problems arising from the natural, technological and
social environments. The studies develop the skills of a creative
approach, logical thinking, understanding causal relations, analysis and
generalisation. (p. 61)

Reading and writing to learn

Czechia

Not specified

Poland

The student acquires and processes information from various sources
using information and communication technologies. (p. 210)

The amount of the teaching content creates many opportunities to work
using the educational project method (especially of a research nature),
a chemical experiment method or other activating methods, which will
allow students to acquire and process information in various ways and
from different sources. (p. 316)

Slovenia

In regards to working with sources, a chemistry teacher teaches students
to search, sort, edit, and analyse information, cite sources appropriately,
and develop critical thinking; the students will then know how to use,
evaluate and present the information they receive properly. (p. 25)

Estonia

The students acquire the ability to understand and compile
chemistry-related texts, make sense of and use chemistry-related
vocabulary correctly, present chemistry-related information through oral
and written presentations using different verbal and visual forms of
presentation (verbally, and as diagrams, graphs, models and formulas)
and using different sources of information, including electronic ones.

(p- 61)

Out-of-school informal learning

Czechia

Not specified

Poland

During the third stage of education, chemistry teachers should find time
to perform experiments, use student-centred methods, create
educational projects and provide excursions for students. (p. 316)

Slovenia

The chemistry teacher should include modern findings in chemistry;
a source of information can also be excursions to research institutions,
etc.

Estonia

The school provides: (...) 5) outdoor learning sessions and the students
participate in nature and environmental education projects. In the 279
stage of study the students, at least twice, take part in an environmental
centre or science education initiative outside of the school and in the 3¢
stage of study in every science subject once during the academic year (in
the natural environment, at a museum, in a laboratory). (p. 8)
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The Czech FEP EE does not specify any teaching method recommended for
natural science education. Nevertheless, each subject or topic area is described at
the beginning and the main objectives are listed. In the Czech objectives for the
educational area Man and Nature, we can see suggestions for laboratory work and
creative problem solving.

The former Polish curriculum lacks a description of each subject. On the other
hand, educational goals for each subject are included in the introduction. Chemistry
has three goals — one of them being managing practical work. At the end of the
document, there are short recommendations for implementation, and for chemistry,
experiments, activating methods, educational projects (that often require group
work) and excursions are mentioned. The new national curriculum that started
to be implemented in September 2017 did not change chemistry content and the
expected outcomes a great deal, but a remarkable change was in the description
of didactic recommendations — problem-based education is stressed and particular
experiments are recommended (MEN, 2018).

Regarding methods, the Slovenian chemistry curriculum is the most descrip-
tive. At the beginning of the document, there is a summary of general objectives
comprised of experimental skills and critical thinking. Another supportive tool is
defining the process of knowledge within the framework of the expected learning
outcomes of each topic area. These outcomes recommend an experimental, prac-
tical, research and theoretical (such as models, visualisations) approach and other
tips for chemistry education. Moreover, the last chapter of the chemistry curriculum
is devoted to didactic recommendations (p. 22-31). The main emphasis is put on
experimental and practical student-centred activities that should be the main teach-
ing methods in chemistry education. Additionally, various kinds of information and
communication technologies, such as visualisation elements, chemical models, and
animations should be used to support chemical literacy and the integration of the
macroscopic, submicroscopic and symbolic levels. The use of the internet and ICT
is also recommended for students’ work with information sources, critical thinking
and presentation of a scientific issue (p. 25). Teachers should also speak about
current knowledge in chemistry that could be supported by excursions to research
institutions.

The Estonian curriculum for natural science is the only one naming specific teach-
ing methods which can be used in education for all natural science subjects in the
introduction chapter. Unfortunately, the list given for using active learning methods
in classes does not contain any suggestions on how to implement the methods in edu-
cation. A physical learning environment is also specified in the general introductory
part, including out-of-school learning (p. 8). Other teaching methods can be found
in the description of chemistry (p. 61-62): students learn basic laboratory practice,
solve problems by logical thinking, and learn analysis and generalisation and the
understanding of chemistry-related texts which they can interpret and present with
the proper terminology.

If we compare the four curricula, the Czech and the Polish ones are very brief re-
garding teaching methods, although the methods can be implicitly derived from the
descriptions. The same is implicitly provided in the description in the other (Slove-
nian and Estonian) curricula, although the Slovenian one is the most elaborated and
suggests tips for teaching within each topic area.
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CONCLUSION

The Czech national curricula, the Framework Educational Programmes, for different
levels of education, have been under revision. The National Institute for Education,
with its panel of experts, is working on the preparation of changes that in addition
to other changes shall keep a similar framework as the curricula of other countries.
A comparison of the national curricula of other countries is therefore an essential
part for suggesting relevant changes. For these purposes countries were chosen that
have higher achievements in PISA testing and have a similar historical background
as the Czech Republic: Poland, Slovenia and Estonia. The curricula were analysed
using the comparative analysis method in aspects of instructional time, teaching
methods and learning content.

This study is focused on the chemistry curriculum, therefore the analysed doc-
uments were the current Czech, Slovenian and Estonian chemistry curriculum as
a part of the national curriculum. Regarding Poland, the former national curricu-
lum for the IIT and IV stages was used because this curriculum is reflected in the
PISA results.

Three research questions were studied: (1) What is the number of hours allocated
for chemistry education for each country?, (2) What are the topic areas of chemistry
learning content in particular national curricula? How do the learning outcomes
and content differ?, (3) What are recommended teaching methods for chemistry
education?

Our findings show that regarding the instruction time for chemistry education,
all four countries are nearly the same: chemistry is taught four hours per week for
the entire length of study, which means two lessons in 8" and 9" grade except for
Poland where it is often taught in grades 7, 8 and 9 (1-2—1 lessons). The difference
was revealed in the total number of hours allocated for science subjects in grades 6 to
9. Slovenian and Estonian students study natural science subjects the most frequent
(total number: 23 hours), while Czech students study natural science 9% less (total
number: 21 hours) and Polish students even 17% less (total number: 19 hours) than
in Slovenia and Estonia. The in-depth comparative analysis of national chemistry
curricula discovered that there are no radical differences in the chemistry content.
The documents differ in the attention to detail that can be seen in a number of learn-
ing outcomes stated in each chemistry curriculum. The Czech chemistry curriculum
defines 7 big topic areas, whereas Poland and Estonia define 9 and Slovenia 10 topic
areas. The most obvious differences are then the numbers of learning outcomes:
Czech chemistry content is defined in 27 outcomes, Estonian in 62 (2.3 times more),
Polish in 84 (3.1 times more) and Slovenian chemistry content is stated in 57 content
knowledge and 40 process knowledge outcomes (together, 3.6 times more). A closer
qualitative analysis of the documents showed that the Czech learning outcomes are
extensive, but also vague at the same time. The learning content that in the Czech
curriculum is only recommended had to be considered for precise assignment in other
countries’ learning outcomes. Often, more learning outcomes of foreign curriculum
were assigned to Czech corresponding outcomes — in other words Polish, Slovenian
and Estonian learning outcomes are more elaborated and specific which can lead to
easier implementation of particular topics into chemistry education.

The last analysed parameter was teaching methods recommended in the chem-
istry curricula. The least accompanying information is provided by the Polish cur-
riculum even though there are passing references to some methods. The Czech
curriculum introduces the educational area Man and Nature and provides informa-
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tion on goals and methods, but not in detail. The Estonian chemistry curriculum
is more descriptive, but the most elaborated curriculum regarding the information
on implementation of the chemistry curriculum is the Slovenian one. For each topic
area there are stated learning outcomes focused on methods and approaches that can
be used, moreover there is a detailed chapter on didactic recommendations that de-
scribes the conditions for laboratory courses, use of information and communication
technologies and detailed cross-curricular links.

Our comparative analysis focused on four chemistry curricula, Czech, Polish,
Slovenian and Estonian. The results show that the time for chemistry lessons is
comparable in all four countries. Chemistry content corresponds, with no princi-
pal differences, but Polish, Slovenian and Estonian learning outcomes are defined
in much more detail. Finally, the Estonian, and mainly the Slovenian, chemistry
curricula, offer more details for chemistry education, especially the Slovenian didac-
tic recommendations. We can conclude the PISA results may not reflect chemistry
content, which is almost the same for all four compared countries. The difference
is apparently in the implementation of the chemistry curriculum in practice, which
cannot be analysed from the official documents. But, at least it seems, a more
elaborated chemistry curriculum can be a more useful and more powerful tool for
chemistry teachers who will know also “how” and not just “what” is to be taught
in chemistry lessons.
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Abstract

Geology is a science with a highly interdisciplinary character. Thus, in education it is
ideal to provide education in a form integrated with the other branches of natural sciences
under the subject of Science or Natural Sciences. However, most European countries prefer
separate teaching of the individual educational fields and subsume geology within one of
them, most frequently biology or geography. The submitted study discusses the potential
advantages and disadvantages of various strategies of allocation of geological topics in
education. A comparative method is used to evaluate and analyse curricular documents
in the Czech Republic, Estonia, Slovenia and Poland at the lower secondary educational
level. The comparison is focused on the scope and incorporation of selected educational
content of geology into individual educational subjects, and on the recommended teaching
methods suitable for interpreting geological subject matter. On the basis of this knowledge
from abroad, individual subjects are selected for the “best practice” and subsequently
proposed for implementation under the conditions in the Czech Republic. This seeks to
make geology more familiar and attractive for students at the lower secondary level of
education.

Key words: geology education, educational content of geology, curricular documents,
lower secondary education, comparative study.

Vyuka geologie v ramci nizsiho sekundarniho
stupné vzdélavani (ISCED 2): Komparace
Ceské republiky, Estonska, Slovinska a Polska

Abstrakt

Geologie je véda vysoce interdisciplinarniho charakteru. Ve vzdélavani by se tedy idealné
nabizelo vyucovat ji integrované s ostatnimi prirodovédnymi obory v ramci predmeétu Sci-
ence, resp. Prirodni védy. VétSina evropskych stata vsak preferuje separovanou vyuku
jednotlivych obori a geologické ucivo prifazuje k jednomu z nich, nejcastéji biologii nebo
geografii. Predlozend studie diskutuje mozné vyhody a nevyhody ruznych strategii za-
Fazeni uciva geologie do vyuky. Komparativni metodou hodnoti a analyzuje kurikularni
dokumenty Ceské republiky, Estonska, Slovinska a Polska na tirovni niz$iho sekundarniho
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vzdélavani. Predmétem komparace jsou kromé rozdilnych strategii zafazeni geologick-
ého uciva do vyuky také rozsah a zaclenéni vybraného vzdélavaciho obsahu z oblasti
geologie do jednotlivych vyucovacich predmétit a doporucené vyukové metody vhodné pro
interpretaci geologického uciva. Na zékladé téchto zahrani¢nich poznatkt jsou vybrany
konkrétni naméty ,nejlepsi praxe* a néasledné navrzeny pro implementaci do podminek
Ceské republiky se zamérem piiblizit a zatraktivnit geologii zakfim druhého stupné zak-
ladnich skol.

Kli¢ova slova: vyuka geologie, geologické ucivo, kurikularni dokumenty, nizsi sekundarni
vzdélavani, komparativni studie.

1 INCLUSION OF GEOLOGICAL SUBJECT MATTER IN
EDUCATION

The natural sciences traditionally include the fields of Biology, Chemistry, Physics,
Geography and Geology. While the first four have a traditional position in teaching
at the elementary and secondary levels in the Czech Republic, in the past Geo-
logy did not generally have such a fixed position as the other above-named fields
(Jenikova, 2017). Conditions are similar in most of the countries of Europe and
Geology is not taught as a separate subject in secondary education (Fermeli et al.,
2011). Nonetheless, geology is widely considered to be an important part of general
education and its practical importance for the development of human society dates
back to ancient times. The significance of the geological sciences has been increa-
singly emphasised since the 18" century, especially as a result of the demand for
raw materials (coal and iron, later petroleum and gas), and continues at the present
time because of the related negative impact on the natural environment. Study of
natural archives can substantially contribute to reducing the risk connected with
natural and anthropogenic hazards in the future.

In the absence of fundamental knowledge about the functioning of the Earth as
a planet, human society cannot live for long in equilibrium with the natural envi-
ronment. Consequently, teaching of geology is essential at all levels of education,
in close connection with the other fields of the natural sciences. Geology is a very
interdisciplinary science, where the synergic effect of interconnected teaching of the
natural sciences can greatly contribute to understanding geological processes. Si-
multaneously, the physical and chemical nature of these processes can contribute to
practical teaching in the other fields of the natural sciences.

The inclusion of Geology in educational programs for primary and secondary
education must be considered to be the first step towards improving teaching of the
natural sciences (Pluskalova, 2004). The secondary role assigned to geology leads
to global concern in the geological community is based on the substantial reduction
in the geological syllabi. This fact is leading to a decrease in number of students
of geology at universities (Fermeli et al., 2011). In addition, international surveys
suggest that students are frequently not capable of adequately understanding the
basic facts and concepts of the natural sciences, including understanding geological
processes in a broader context (Meléndez et al., 2007).
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Three basic approaches are generally used for teaching geology at the lower se-
condary educational level in the countries of Europe. The most frequent curriculum
involves the inclusion of geological content in the subjects of Biology and Geography.
Selected geological topics can also be taught in the context of subjects such as
Chemistry or Physics; nonetheless, this does not generally entail a comprehensive
explication of the geological subject matter. Geology education can also take place
within the integrated subject of Science. Higher secondary education further offers
a third form of teaching Geology, as an independent subject (this model is not very
widespread in the Czech Republic). In most European countries, a comprehensive
conception of teaching the Earth Sciences is frequently completely lacking or is
incorporated to a limited degree into other related disciplines. The inclusion of geo-
logy into other conceptually related subjects assigns geology to an inferior position.
Chapters on geology are frequently ignored or explained only vaguely (Meléndez et
al., 2007; Fermeli et al., 2011). Surveys carried out in England and Wales have
shown that educators teaching the Earth Sciences are usually biologists, chemists
or physicists (King, 2004). Information obtained from teachers has revealed that
their basic geological knowledge is, in general, poor and inadequate. Most tea-
chers stated that they would require greater educational support in this area (King,
2001).

It is anticipated that an integrated approach will lead to greater student moti-
vation and greater interconnection of the subject matter with everyday life (Wake,
2008). From an organisational point of view, integrated teaching should lead to
saving time, as it would avoid undesirable duplication of the educational content
(Hejnova, 2011). However, Pluskalova (2004) points out that the integration of sub-
jects at the level of complex fields of education (e.g. Biology with Geology) is a very
demanding process. A basic requirement for implementation of integrated teaching
is a teacher who is fully trained in the subjects to be integrated. It follows from
an analysis performed by Hejnova (2011) that the introduction of integrated teach-
ing of the natural sciences in Czech schools is prevented particularly by pre-school
teacher training. This unfortunate situation is intensified by the lack of a long-term
tradition of an integrated approach to teaching and the related lack of confidence
of Czech professionals, teachers and the general public towards this form of educa-
tion.

Although there are a great many theoretical arguments supporting either inte-
grated teaching or teaching the natural sciences as individual subjects, only very
little empirical evidence has been presented for their effect on the study results
of students (Czerniak, 2014; Lederman & Niess, 1997). The Czech Republic, Es-
tonia, Slovenia and Poland are countries where the natural sciences at the lower
secondary educational level are divided into individual subjects. These are coun-
tries of the former eastern bloc that have undergone relatively fundamental reform
of their educational systems in the last few years. At the present time, Estonia,
Slovenia and Poland have achieved better results in PISA tests of natural science
knowledge than the Czech Republic (OECD, 2018). The educational strategy for-
ming a basis for curricular documents could play a key role in this success. The
introduction of Geology as an independent teaching subject is lacking in all these
countries; nonetheless, the approach to inclusion of geology and the scope of educa-
tional content differs in the individual countries. Can the selected tactics of these
countries be applied to the Czech educational system? Specifically, which particu-
lar approach could contribute to making the teaching of geology more effective and
attractive?
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2 OBJECTIVES AND METHODOLOGY

This study concentrates on the structure and content of curricular documents in
relation to geology (inclusion of geological content, the scope of the subject matter,
recommended teaching methods, etc.). Its goal was to perform an extensive analy-
sis and subsequent comparison of selected curricular documents for lower secondary
education, ISCED level 2 (UNESCO, 2012), according to which the current educa-
tional system is implemented in the Czech Republic, Estonia, Slovenia and Poland.
On the basis of this comparison of curricular documents, individual subjects are se-
lected for the “best practice” and subsequently proposed for implementation under
the conditions in the Czech Republic.

The Framework Educational Programme for Basic Education (Jefabek et al.,
2017) is the fundamental document for the analysis of geology education in the
Czech Republic. The National Curriculum for Basic Schools and its Appendix 4
(Ministry of Education and Research, 2014) constituted the basic analysed document
for the Estonian educational system. The White Paper on Education in the Republic
of Slovenia (Ministry of Education and Sport, 2011) and the relevant annexes were
the documents analysed for Slovenia. The Core Curriculum for Pre-school and
General Education (Ministry of National Education, 2002) was selected for Poland.
While this document was replaced by a newer version in the 2017,/2018 school year,
the current form of Polish schooling is still affected by the original version, which
was used for the analysis.

2.1 RESEARCH AND COMPARISON OF SELECTED CURRICULAR
DOCUMENTS IN RELATION TO GEOLOGY

The curricular documents of selected countries were first individually subjected to
research with emphasis on the teaching and manner of inclusion of a geology content
in the relevant country. Further, the scope of the educational content of geology, i.e.
the subject matter and expected outcomes, were monitored. The research was also
concerned with the means of interpretation of the recommended teaching methods
and requirements on the development of specific skills in the field and interconnection
of the stipulated learning content with everyday life.

Content analysis was employed for comparing the above-mentioned curricu-
lar documents. Selection of the required concepts followed from this research.
The study compares the educational content of geology and the organisational
aspect of teaching, i.e. the inclusion of geological subject matter, the range of
geology content in elementary schools, recommended teaching methods and equip-
ment.

The text of curricular documents was divided up into smaller parts. These were
condensed and labelled by formulating codes. Then these codes were grouped into
categories (Erlingsson & Brysiewicz, 2017). The occurrence of two main groups
of categories was recorded — specific subject matter and teaching methods (see
Tab. 1, 2). The category of specific subject matter comprises expected outcomes
and otherwise formulated requirements on students that refer to knowledge of the
relevant geological content. The category of teaching methods comprises specific
activities characteristic for the individual teaching methods.
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Tab. 1: List of categories for analysis of the occurrence of geological content in the
curricular documents of selected countries and examples of their interpretation in the
text of the relevant documents

Categories —
subject matter

Examples of interpretation of a particular category

The Universe

Solar system, Earth, Moon, stars

The Earth as a
geological body

formation of the Earth, geospheres, the Earth’s crust and
mantle

Mineralogy minerals: formation, subdivision of the processes of formation
of minerals, practical importance and use, properties,
identifying samples

Petrology rocks: formation, formation conditions, classification
(magmatic, sedimentary, metamorphosed), practical
importance and use, properties, identifying samples

Endogenic magmatic process, deformation of the lithosphere, causes and

geological consequences of endogenic processes, formation of the Earth’s

processes surface, lithospheric plates, continental and oceanic
lithospheric/plates, earthquakes, environment of the formation
of magmatic rocks

Exogenic weathering, transport, sedimentation, exogenic factors, causes

geological and consequences of exogenic processes, shaping of the Earth’s

processes surface, sedimentary basins

Soils formation, composition, properties, development, danger of
devastation

Geological geological development, paleontological development,

history of the
Earth

emergence of life, occurrence of typical organisms,
stratigraphy, geological eras, evolution of organisms, geological
age determination

Geological
development and
structure of
territories

for the Czech Republic, e.g. the Bohemian Massif, Western
Carpathians

Interactions
between nature
and society

extraordinary events caused by natural forces, natural risks
and catastrophes, causes of occurrence, measures and
protection against natural disasters, basic classification —
geological (earthquakes, volcanic hazards, slope movements),
climatic (tornadoes, hurricanes, etc.), oceanographic (e.g.
tsunamis)

2.2 DATA INTERPRETATION

The first section describes the curricular documents of selected countries individually
using a unified structure — a brief introduction into the educational system in each
country, the relevant syllabus of geology (focused on lower secondary education) and
recommended teaching methods. The following section compares these documents
with each other in terms of the aforementioned aspects (inclusion of geology in
education, educational content of geology, recommended teaching methods). Specific
individual examples of the “best practice” are discussed in the last section and are
proposed for implementation under the conditions in the Czech Republic.
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Tab. 2: List of categories for the occurrence of selected teaching methods in curricular
documents of the described countries

Categories — Examples of interpretation of a particular code
teaching method
Critical thinking Critical thinking, assessing information, logical thinking,

argumentation, ability to pose questions
Research activities | Teaching oriented towards research, activity teaching,
activation of students

Experimenting Experimenting and measuring, observation, formulation and
verification of hypotheses, analysis of results, drawing
conclusions

Work with Searching for information, critical assessment of the relevance

information of information, work with various sources of information

Individualisation Differentiation of teaching, individual approach

Group work Work in groups, cooperative teaching, cooperation

Digital technology | Use of modern technology, use of ICT, use of digital
technology, safe work with the internet

3 INCLUSION OF GEOLOGICAL CONTENT IN
EDUCATION IN SELECTED EUROPEAN COUNTRIES

Basic education lasts 9 years in all the evaluated countries (Czech Republic, Estonia,
Poland, and Slovenia). The national curriculum of basic education has a central
role that overlaps in all the mentioned countries. In a nutshell, it should provide
equal support for the mental, physical, social, moral and emotional development
of students. The school should contribute to instilling in youth a creative, diverse
personality that is capable of self-realisation in a fully-fledged manner in different
roles, especially at work, in the family and in public life (Eurydice, 2011). All the
described curricula define the expected level of knowledge set for all students at
each level of education and differentiate competences which are the aggregates of
the relevant knowledge, skills and attitudes. However, the manner of anchoring the
subject of Geology in the curriculum differs amongst these countries.

3.1 NATIONAL CURRICULUM OF THE CZECH REPUBLIC

Compulsory school attendance in the Czech Republic is divided into two levels:
primary school (grades 1-5, ISCED level 1) and lower secondary school (grades
6-9, ISCED level 2). The Framework Educational Programme for Basic Education
delimits the compulsory framework for elementary education and defines the general
requirements on the organisation of elementary education. It further sets forth the
goals of elementary education, i.e. the creation and gradual development of key
competences and provision of a reliable basis for general education. The school level
corresponds to school education programs that the schools create themselves and
according to which education is provided at the individual schools.

The educational content is divided into nine educational areas. These are formed
of one or more fields of education with similar contents. Their educational content is
represented by the subject matter and expected outcomes (the compulsory level for
formulating outputs in the teaching curriculum in a school educational programme).
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SYLLABUS OF GEOLOGY

The subject matter of Geology and the corresponding expected outcomes permeate
both educational levels of primary education. At the primary school level, they occur
especially in the educational area of Humans and their World, especially in the units
of “The place where we live” and “Diversity of nature” (Jefabek et al., 2017). From
the first level, students should gain basic knowledge related to non-living nature,
which should be deepened and expanded at the second level.

At the lower secondary school level, the Czech curriculum assigns geological con-
tent to the educational area of Humans and Nature, specifically to the educational
field of the Natural Sciences (hereinafter Biology). This encompasses direct defini-
tion of the educational content of Non-living Nature, which includes topics such as
the Formation and Structure of the Earth, Minerals and Rocks, Internal and Exter-
nal Geological Processes, Soils, Development of the Earth’s Crust and Organisms
on the Earth, Geological Development and Structure of the Territory of the Czech
Republic, Weather and Climate and Extraordinary Events caused by Natural Ef-
fects (Jetabek et al., 2017: p. 75). The other educational fields in the educational
area of Humans and Nature are also more or less related to geological subjects.
In geography, this applies, e.g., to the subjects of The Earth as a Body in Space,
the Landscape Sphere, Training Exercises and Observation in the Terrain of the
Local Landscape and Protection of Humans in case of Danger to Health and Life.
The teaching field of Chemistry includes subject matter on the Elements, where
Inorganic Chemistry encompasses compounds and fuels. The subject unit of the
Universe, more precisely the Solar System and the Stars, constitutes learning con-
tent that, in the Czech curriculum, permeates three fields of the natural sciences —
biology, geography and physics.

On the basis of the expected outcomes of Non-living Nature, after completing
level 2, students should be able, e.g.

to explain the effect of the individual spheres of the Earth on the forma-
tion and continued existence of life, based on their characteristic proper-
ties, identify selected minerals and rocks using identification equipment,
differentiate among the consequences of internal and external geological
processes, including the geological cycle of rocks and the cycle of water,
compare the importance of soil-forming agents for the formation of soil,
differentiate amongst the main types of soil and kinds of soil in Czech
nature (Jetdbek et al., 2017: p. 75).

RECOMMENDED TEACHING METHODS

Recommended teaching methods are defined in general in the framework of the
characteristics of the educational area. The student should gain a comprehensive
view of the relationship between humans and nature. The characteristics of this
area can lead to the development of critical and logical thinking amongst students.
It provides the basis for teaching to progress through activities and by scientific re-
search methods. Through this study, students should learn to use specific recognition
methods to acquire skills, such as observation, experimenting and measurement, for-
mulation and verification of hypotheses, analysis of results and drawing the relevant
conclusions. The individual fields of education are limited only by their educational
content and suitable teaching methods are not defined at this level in the national
curriculum.
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3.2 NATIONAL CURRICULUM OF ESTONIA

In Estonia, compulsory education is divided into three stages: grades 1-3, grades
4-6 (both ISCED level 1) and grades 7-9 (ISCED level 2). The national curriculum
defines the results and goals of education for the individual subjects but emphasises
mainly the need for development of general competences and abilities that are also
applicable outside the field. The schools prepare a school curriculum in accordance
with the national curriculum. This consists of a general part and syllabuses for the
individual subjects. The choice of teaching methods and materials is left to the
schools and individual teachers.

The national curriculum consists of a general part and appendixes. The ap-
pendixes set forth subject field syllabuses, optional subject syllabuses and descrip-
tions of cross-curricular topics. The study of geology is part of the compulsory
subject field of Natural Science. It is intended to develop competences associated
with critical and creative thinking. Science studies should also ensure motivation
towards study and shape the student’s interest in science and science-related ca-
reers. The following subjects comprise the natural science domain: Science (studied
from grades 1 to 7), Biology, Geography (both studied from grade 7), Physics and
Chemistry (both studied from grade 8).

SYLLABUS OF GEOLOGY

In the Estonian curriculum, a relatively large part of the subject of Geology is
assigned to the 2" stage of study. Specifically, it is included under the subject
of Science, which is intended to form a basis for future study of the individual
natural sciences. From the viewpoint of geology, after completing grade 6, students
should be acquainted with the basic facts under the subjects of Space, Planet Earth
(continents and oceans, natural disasters), Rivers (parts of rivers, water currents),
Lakes and Water as a Substance, Landforms and their Shaping, Soils (formation
and development) and the Natural Resources of Estonia (minerals, mining and use).

In the 3'¢ stage, the subject matter of Geology is included in the subject of
Geography. The educational content includes the Internal Structure of the Earth,
Tectonic Plates and their Movement, Earthquakes, Volcanic Activity, Seismic and
Volcanic Areas, Rocks and their Formation. In addition to the subject matter, the
expected outcomes are defined very specifically; they correspond to the required
educational content with specified geological concepts. For example: The students:

describe tectonic plates according to drawings and maps as well as the
geological processes taking place on the edges of tectonic plates: volca-
nism, earthquakes and the formation and transformation of landforms
and rocks; know the reasons for the occurrence of earthquakes and vol-
canic eruptions, show on a map the main areas where they occur, give
examples of their consequences and know how to act in case of danger;
explain the erosion of rocks, movement and sedimentation of erosion-
related material and formation of sedimentary and igneous rocks (Min-
istry of Education and Research, 2014: p. 42).

“Landforms” are another area of geography, which is concerned with geological
content. Here, students are acquainted with various shapes of the Earth’s surface
(mountain ranges and highlands, plains, lowlands, relief of the ocean floor) and also
with the progress of evolution of the Earth’s surface over time. The separate area
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“Bodies of Water” is devoted to teaching about water as a geological agent. The
latter two areas of geography are once more included in the syllabus of this subject in
the context of European and Estonian Geographic Location. The content is devoted
to regional areas that are identical with the “general” areas, but concentrate on local
specific features of the particular phenomena. For example, Estonian Geological
Structure and Natural Resources, the Activity of Continental Glaciers in Shaping
Landforms in Europe, Problems Related to Groundwater in Estonia, etc.

RECOMMENDED TEACHING METHODS

Recommended teaching methods are first defined in the characteristics of the edu-
cational field of Natural Science. The main goal of teaching geography is to provide
students with an overview of processes taking place in nature and society. The
material studied should be presented as far as possible in a problem-oriented way
and in connection with the students’ everyday lives and home areas. The indivi-
dual specificities of the students should be taken into account. Significant attention
is paid to shaping the study motivation of students and various interactive study
methods are recommended: problem-based and research-based study, project work,
discussions, brainstorming, studies outside the classroom, study visits, etc. Digital
technologies and ICT should be used in all the stages of study.

For the individual teaching areas of geography, proposals are made for specific
student activities and the use of ICT. In the context of geology, this consists in

describing and comparing rocks (sandstone, limestone, oil shale, coal and
granite) and sediments (sand, gravel and clay), compiling an overview
or, on the basis of sources of information, presentation of one geological
phenomena (earthquake or volcano) or describing an area from a geo-
logical angle, studying the erosive and accumulative activities of flowing
water in a given river in different sections according to drawings, pho-
tos (including satellite photos) and maps (Ministry of Education and
Research, 2014: p. 43-45).

Moreover, the introduction to the area of the Natural Science delimits the Op-
tions for Integrating Natural Science Subjects and Options for Implementing Cross
Curricular Topics.

3.3 NATIONAL CURRICULUM OF SLOVENIA

In Slovenia, nine years of basic education is divided into three-year cycles: grades
1-3, grades 46 and grades 7-9. Slovenia employs a system with a multi-level
curriculum. At the national level, it is regulated by the document White Paper
on Education in the Republic of Slovenia (Ministry of Education and Sport, 2011),
hereinafter the White Paper. This document stipulates compulsory and optional
subjects. At the school level, teachers have a certain degree of freedom to adjust the
educational content of the subject according to the specific conditions of teaching at
the given school. The compulsory subjects set forth in the White Paper must also
be part of the curriculum of the school and new teaching subjects cannot be created
from them.
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SYLLABUS OF GEOLOGY

In the Slovenian national curriculum, a certain geology content is already included
in the integrated subject of Environmental Education (taught in grades 1-3). This
consists in basic knowledge about the Universe and Forming of the Earth’s Sur-
face.

The educational content of geology is included in the single field of study Geo-
graphy (taught in grades 6-9). Geology matter is spread out through all the grades
and does not have its own separate teaching area. The curriculum defines a number
of operational goals for grade 6. Some of them are concerned with the development of
practical skills (e.g. searching for and processing information, assessing its relevance,
the use of various means of communication, work in the field, etc.). Another area of
operational goals is directly connected to a geological content — students are capable
of differentiating the continents, their geographical position and the relationships
among them, and they are able to understand the basic laws governing the movement
of the Earth in the Universe (Ministry of Education and Sport, 2011: p. 8). The
educational content for the 6" grade consists in the size and shape of the Earth,
the position of the Earth in the Universe, the oceans and continents, the aquatic
environment and surface of the land, movements of the Earth and their consequences.

The remaining geological subjects are taught in the context of the regional geo-
graphy of the individual continents. In practice, this means, e.g., that teaching
about Southern Europe in grade 7 includes the subject of the regional occurrence
of earthquakes and volcanic activity and the related operational goals. Amongst
these, for example, the student explains the tectonic causes of the occurrence of
earthquakes and explains the course of volcanic activity and describes the conse-
quences of volcanic activity and earthquakes for human life (Ministry of Education
and Sport, 2011: p. 11). Similarly, teaching in the thematic unit of the Alps or
Northern Europe includes glaciers and their impact in forming the surface of the
Earth — rivers, river valleys, etc. Teaching in grade 9 is concerned with the re-
gion of Slovenia. From a geological standpoint, students are required to explain
the main phases in the formation of the present-day relief of Slovenia and the
main factors that affected this process (Ministry of Education and Sport, 2011:
p. 17).

RECOMMENDED TEACHING METHODS

Didactic recommendations are generally given for all the compulsory subjects. They
provide suggestions for conception of the work of teachers with students. Emphasis
is placed on the process of teaching and development of students’ skills, their active
participation in the educational process and the development of critical thinking.
Primarily, teaching methods are emphasised that take into account the individual
potential of the student. The Slovenian curriculum brings into equilibrium teaching
and other forms of student activities. This part of the syllabus of the subject explains
in detail the concept and organisation of geographic excursions.

The White Paper directly contains information on interdisciplinary relationships.
These emphasise both the area of the personal development of students (e.g., com-
munication, work with information, reading literacy) and development of their pro-
fessional skills (e.g. reading graphs, work with modern technologies, ability to defend
one’s own opinion).
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3.4 NATIONAL CURRICULUM OF POLAND

According to the educational system until 2017, compulsory school attendance in
Poland included six years of elementary education divided into two stages (szkola
podstawowa) and three years at lower secondary school (gimnazjum). The main goal
of Polish elementary education, in addition to development of reading and mathe-
matical literacy, also encompasses perfecting the scientific thinking of students. This
skill includes the ability to formulate conclusions about nature and society based on
observation. The curriculum is also directed towards preparing students for life in
a digital society.

The Core Curriculum for Pre-school and General Education stipulates the ex-
pected outcomes for the individual subjects. The detailed subject matter is not
specified in the Polish curriculum.

SYLLABUS OF GEOLOGY

Teaching progresses in an integrated manner in the first stage of primary education
(grades 1-3). The subject matter also includes some geological topics. Geology is
taught, e.g. in the educational area of the “Closest Surroundings” (water sources,
kinds of surface water, identifying local rocks, soils), the area of Poland and Europe
(morphology of the Polish Landscape: high mountains, limestone uplands, lowlands,
lakes, ocean), the Earth from Space, Continents and Oceans.

The teaching should grow and expand in a spiral, i.e. in each higher year,
information and skills should be repeated, deepened and subsequently expanded.
The teaching units and the expected outcomes defined for the separate subject of
Nature in the second stage (grades 4-6) correspond to this idea. A number of general
goals and the expected outcomes are defined for the subject of Nature. They include,
e.g. interest in nature (the student poses questions about phenomena occurring in
nature and searches for answers), formulating hypotheses and their verification (the
student predicts the course of some phenomena and natural processes, carries out
observation and experiments according to instructions), observation measurements
and experiments (the student utilises various sources of information and performs
measurements, documents and presents the results of observations, uses information
and communication technology). These general objectives are identical with the
requirements laid down for the related third teaching stage, “gimnazjum”. Here, for
example, the ability to identify relationships and dependences and explain pheno-
mena and processes, or to formulate of one’s own opinions and attitudes are further
expanded.

From the viewpoint of teaching geology, Geography is a key subject at secondary
schools. The definition of the educational content of this subject more or less corre-
sponds to the teaching units of the subject of Nature (mineralogy, petrology, soils,
interaction between humans and nature — see above). However, the expected out-
comes are extended to include further subject matter and are at a higher cognitive
level than the previous stages. Newly included topics are primarily endogenic and
exogenic geology:

the student gives the main characteristics of the lithospheric plates, de-
scribes the relationship between the movement of lithospheric plates and
the occurrence of volcanic phenomena and earthquakes, understands the
effect of wind, erosion, flowing water, ocean waves and glaciers in forming
the Earth’s surface (Ministry of National Education, 2002: p. 106).
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A newly included subject unit is the “Natural environment in Poland”, including
important events in the geological history of Poland (the formation of black coal,
mountain areas, land flooding events, glaciation, etc.).

RECOMMENDED TEACHING METHODS

For the subject Nature, the Polish curriculum recommends a choice of activities that
would strengthen a scientific approach to the natural sciences and increase interest
in nature. Teaching should have an interdisciplinary character and individual sub-
ject areas can be taught by teachers in various fields (physics, chemistry, biology,
geography).

In teaching geography, it is recommended that the extent of encyclopaedic knowl-
edge be limited in favour of forming the student’s ability to use and analyse various
kinds of information sources. The concept of requirements in the third stage of
education is based on the predominance of regional geography, where students learn
general information (including geological subjects) on the basis of study of selected
regions. Teaching should be partly practical and implemented with substantial sup-
port from experiments, observation, activities in the field and excursions.

4 COMPARISON OF CURRICULAR DOCUMENTS OF
SELECTED COUNTRIES FROM THE VIEWPOINT OF
TEACHING GEOLOGY

4.1 INCLUSION OF GEOLOGY IN EDUCATION

In general, it can be stated in the context of elementary education in all the selected
countries that geology is part of both educational levels (ISCED level 1, ISCED
level 2). However, it is assumed that the subject matter discussed at the first level
consists only of a brief acquaintance with a selected subject area and that this will
be developed further at the second level. All the analysed countries approach the
teaching of the natural sciences in an integrated manner in the context of primary
education. At the second level, natural science fields are divided into independent
subjects. Geology is not set aside as an independent subject in any of the described
curricular documents.

In the Czech Republic, most of the geological subject matter at the second
level of elementary schools is included in the subject of Biology, Non-living Nature.
Selected topics are also mentioned in other subjects, such as Geography, Chemistry
and Physics, where these topics are mostly duplicated — thus they are included
both in Biology and, e.g. in Geography. In practice, this means that some topics
are taught twice at the second level, in a different subject each time or in a different
grade.

Estonia, Slovenia and Poland assign most of the subject matter of geology to the
subject of Geography. The specific approach to inclusion of geological subject matter
differs in the individual countries. In the Estonian curriculum, some topics (e.g. the
Universe) are included in the integrated subject of Science and subsequently are not
dealt with in Geography. An independent subject block in the context of Geography,
with detailed description of expected outcomes, encompasses the topics of endogenic
and exogenic geology. The remaining topics (e.g. rivers, lakes, landscapes) are first
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discussed from a general viewpoint and then in the regional context of the landscapes
of Estonia and Europe. Students are able to verify selected general knowledge on the
basis of “local” examples. The Polish curriculum has a similar system of ordering
of geological subject matter. The individual topics and related expected outcomes
are first oriented towards general knowledge. Subsequently, the topics of the natural
environment of Poland once again provides the students with scope to connect this
theoretical knowledge in practice with local examples (the geological past of Poland,
the formation of the Earth’s surface, local minerals and rocks). The Slovenian
curriculum employs greater inclusion of geological subject matter in Geography.
It utilises direct connection of theoretical knowledge with regional examples. For
example, endogenic and exogenic geological processes are not taught as independent
topics but are discussed in the context of the specific geographic areas with which
the relevant process is connected (e.g. the Alps — glacial activity, Southern Europe
— volcanic activity and earthquakes). Students receive complex information about
the relevant geographic area and acquire general geological knowledge on the basis
of specific examples.

4.2 EDUCATIONAL CONTENT OF GEOLOGY

The educational content of the curriculum in the Czech Republic consists of both
subject matter and expected outcomes. The subject matter is divided according to
the individual topics, which are further specified. This consists basically of a list
of concepts that the students should learn during completion of the particular unit.
The expected outcomes are related directly to the specific subject matter and are
defined rather generally. They concentrate mainly on the knowledge gained by
the student rather than on the development of the practical skills of the individ-
ual, critical thinking, etc. Although the expected outcomes are compulsory for the
individual schools in the Czech Republic, the manner of their formulation leads
to knowledge of delimited concepts and does not further expand requirements on
the skills of students. As a consequence, emphasis is placed mainly on learning
terminology and classification and less on the development of practical skills by stu-
dents and their ability to think critically, create working hypotheses and evaluate
them.

In contrast, the Estonian curriculum delimits the educational content very speci-
fically. For each subject, it sets forth not only the subject matter, but also the related
concepts. Learning outcomes are defined quite specifically and in detail. In addition
to knowledge of delimited concepts, students are required to have further skills and
more complicated cognitive operations following from study of the given subject
matter. Compulsory subjects in the Slovenian curriculum have a certain structure,
which is maintained for all the subjects. The subject matter is not defined in
terms of a list of concepts. The curriculum mentions only individual topics that are
related to the general and operational goals of the specific subject. Schools do not
have practically any freedom related to assignment of the educational content to the
individual subjects; even the names of the individual subjects are specified. Thus
integration of the natural science subjects cannot be even considered. The Polish
curriculum does not in any way deal with delimitation of specific subject matter.
For each subject, general goals are given for the subsequently anticipated outcomes
for the individual subject topics. These are rather extensive and are formulated in
detail.
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4.2.1 EXPECTED OUTCOMES

The expected outcomes are a unit that occur in various forms in all the analysed
curricular documents. Tab. 3 gives a comparison of formulation of the expected
outcomes for the individual countries. Endogenic geology was selected as a model
topic that is contained in all the analysed curricular documents. It is apparent
from Tab. 3 that Estonia has the most specific approach to defining the expected
outcomes. Poland and Slovenia are at the same level in this respect. All three
countries concentrate on processes taking place in the lithosphere and their conse-
quences in terms of volcanic activity and earthquakes. Earthquakes and volcanism
are dynamic processes that are most attractive for students but, however, do not
encompass further processes at lithospheric plate boundaries. The Czech curricu-
lum mentions only the anticipated output from this topics, which is formulated very
generally and briefly. It does not delve into the core of the given subject topics and
maintains a definition at the level of “headings”. In fact, it doesn’t even include the
above-mentioned volcanism and earthquakes.

Tab. 3: Comparison of the expected outcomes as defined by selected countries for the
model subject of endogenic geology

Expected outcomes for the subject of ENDOGENIC GEOLOGY
Czech Students:

Republic e differentiate the consequences of internal and external geological
processes, including the rock cycle and hydrological cycle

Estonia Students:

e describe lithospheric plates according to drawings and maps as
well as the geological processes taking place on the boundaries of
lithospheric plates: volcanism, earthquakes and the formation
and transformation of landforms and rocks;

e know the reasons for the occurrence of earthquakes and volcanic
eruptions, show on a map the main areas where they occur, give
examples of their consequences and know how to act in case of
danger;

Slovenia Students:

e explain the tectonic causes of the occurrence of earthquakes and
explain the progress of volcanic activity

e describe the consequences of volcanic activity and earthquakes on
human lives

Poland Students:

e state the main characteristics of lithospheric plates

e describe the relationship between lithospheric plates and the
occurrence of volcanic activity and earthquakes

The expected outcomes are formulated to different degrees and in various ways;
nonetheless, all the countries exhibit little interconnection between the subjects
and lack a description of the interconnections among the individual phenomena.
For example, the Estonian curriculum speaks about the erosion and accumulation
properties of flowing water, but does not mention various means of transporting
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material. Simultaneously, this is an important factor affecting the roundness, shape
and size of grains. Extending this subject to include transport would create scope
for interconnection of geology with, e.g. physics. Similarly, in the specification of
soil, the Czech curriculum does not mention topics such as the origin of soil, soil-
forming agents, etc. The relationship between the substrate, pedogenic processes,
soil forming agents and the resultant soil is not described.

4.2.2 SELECTION OF GEOLOGICAL SUBJECT MATTER

The scope of the educational content was assessed, on the basis not only of the
defined subject matter, but also of the requirements on students following from the
expected outcomes. The Slovenian and Polish curricula do not even rely on the
subject matter in the sense of defined concepts. Tab. 4 compares the assignment of
selected geological topics at the lower secondary school level.

Tab. 4: Comparison of the scope of the educational content of geology and inclusion of
selected geological topics in the individual subjects at the lower secondary school level in
selected countries

Bi — Biology, Gg — Geography, Sci — Science, Ph — Physics; 4/ — the curriculum
contains this subject matter, x — the curriculum does not contain this subject
matter

geology subject matter RS;igllic Estonia | Slovenia | Poland
The Universe + formation of the V V vV vV
Earth Bi, Ph, Gg Sci Gg Gg, Ph
The Earth as a geological body Vv Vv Vv Vv
Bi, Gg Gg Gg Gg
Mineralogy vV vV X vV
Bi Sci, Gg Sci, Gg
Petrology vV v X v
Bi Gg Sci, Gg
Endogenic geological processes Vv Vv Vv Vv
Bi, Gg Sci, Gg Gg Gg
Exogenic geological processes Vv Vv Vv Vv
Bi Sci, Gg Gg Gg
Soils vV vV X Vv
Bi Sci Sci, Gg
Geological history of the Earth Vv X X X
Bi
Geological development and Vv v/ X V
structure of territories Bi Gg Gg
Interactions between nature and V vV v/ Vv
society Bi, Gg Sci, Gg Gg Sci, Gg

Compared to the other countries, the Czech curriculum includes more geological
topics. The entire content of non-living nature is assigned to a single subject, making
geology teaching comprehensive in the context of lower secondary education. The
scope of geological subject matter in the Czech Republic is most similar to that in
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Estonia. In addition, the individual subjects are defined very specifically in terms
of the learning content and concepts. The Polish curriculum corresponds to the
Estonian curriculum in terms of the number of geological topics but it has less
specific content. Slovenia includes geology only sporadically in its curriculum and
only in connection with regionally focussed physical geography.

In some cases, it was rather difficult to assess whether the curriculum is actu-
ally devoted to this topic. This is especially true of the subject of the Geological
History of the Earth, which is contained only in the curriculum of the Czech Re-
public. Nonetheless, e.g., the Estonian curriculum is related to this area in the
integrated subject of Science, where it includes the learning content Development
of Life on Earth. Poland encompasses this subject in more detail at the higher
level of secondary education. Similarly, a certain part of mineralogy could related
to the subject of Chemistry (e.g. in the Czech curriculum). While this is teaching
about minerals, it follows from the expected outcome that this subject matter is
expounded in terms of chemical properties and not from a geological standpoint
(thus the subject of chemistry is not mentioned in the table).

4.3 RECOMMENDED TEACHING METHODS

The teaching requirements are more or less the same in all the EU countries. There
is a unifying concept in an attempt to develop knowledge and skills that can be
used in the everyday lives of students. Requirements on the use of specific teaching
methods directed towards attaining this goal are contained to various degrees in the
curricular documents of the individual countries. It can be anticipated that teachers
will take into consideration especially that part of the curriculum devoted to their
teaching field. The presence of requirements on implementation of specific teaching
methods was thus assessed at the level of the educational area or the specific field
or subject and not on the basis of the characteristics of the curriculum as a whole.
In relation to the teaching of geology, there are three ways in which recommended
teaching methods could be implemented, i.e. directly in the context of geology,
in the context of the characteristics of the subject into which the geology subject
matter is included or as the general characteristics of the educational area within
which geology is included (see Tab. 5).

The Czech curriculum defines teaching methods only in the framework of the
characteristics of the educational area. This is primarily a requirement on the deve-
lopment of critical thinking and managing teaching in an experimental and scientific
manner. There is also a brief mention of work with information. The Estonian cur-
riculum requires all the selected methods to be used in teaching (see Tab. 5). Recom-
mended teaching methods are defined both in the characteristics of the educational
field of Natural Science and also specifically for the subject of Geography. For the
individual areas of teaching, suggestions are given for specific student activities and
the use of ICT. The teaching methods employed for the individual subjects in the
Slovenian curriculum are partly concerned with teaching standards. The greatest
emphasis in the methods is devoted to didactic recommendations for the subject of
Geography. They contain suggestions for the use of all the selected teaching methods
(see Tab. 5) and also substantiate these working methods in the context of teaching
Geography. The Polish curriculum lists basic recommendations for the subject of
Geography in the introductory characteristics of the subject. The independent chap-
ter on the Recommended Conditions and Implementation then formulates the main
requirements on teaching the individual subjects, including Geography.

Scientia in educatione 87 10(3), 2019, p. 72-93



Tab. 5: Comparison of inclusion of recommended methods of geology education,
including the place of introduction of the given method

y/ — the curriculum mentions this teaching method, x — the curriculum does not
mention this teaching method; Geology — the method is mentioned directly in the
context of geology, Subject — the method is mentioned in the context of the char-
acteristics of the subject (within which geology is included), Field — the method is
mentioned in the context of the characteristics of the educational area (within which
geology is included)

Teaching method Czech Republic Estonia Slovenia Poland

Critical thinking v Field v/ | Field, |/ | Subject | v/ | Subject
Subject

Research activities | / Field v/ | Field, | /| Subject | y/ | Subject
Subject

Experimenting vV Field v/ | Field, | / | Subject | y/ | Subject
Geology

Work with vV Field v/ | Field, | /| Subject | y/ | Subject

information Subject

Individualisation X X v/ | Field, |/ | Subject | x X
Subject

Group work X X v/ | Field |/ | Subject | x X

Digital technology X X v/ | Field, | 4/ | Subject | / | Subject
Subject,
Geology

5 DISCUSSION

Contemporary society is becoming increasingly aware of the interdisciplinary cha-
racter of the fields in the natural sciences (e.g. Wake, 2008; Skoda & Doulik, 2009).
Geology as a science is a highly interdisciplinary field and the interpretation of geo-
logical information is directly dependent on other fields of science, especially physics,
chemistry, astronomy, geography, mathematics and geoinformation systems. It is
thus not surprising that allocation of the subject matter at the level of lower and
higher elementary schools is the subject of numerous discussions (e.g. Fermeli et al.,
2011; King, 2004; Pluskalova, 2004). Various countries have different approaches
to teaching geology; however, geology is not taught as an independent subject al-
most anywhere. Integrated teaching of the natural sciences is not very common in
the context of secondary education in Europe, including the Czech Republic, and
the individual fields are taught as independent subjects. An integrated approach
to teaching the natural sciences requires different professional and didactic prepa-
ration of future teachers (see e.g. Hejnova, 2011; Pluskalova, 2004). Thus, in the
countries of Europe, geology is most frequently included in the subjects of Bio-
logy or Geography. Comparison of the curricular documents of selected countries
with a similar level of economic development, following many years of a centralised
schooling system with different trends in international evaluation, should reveal the
positive and negative features of approaches towards natural science education. Si-
multaneously, it should provide subjects and recommendations for improving and
increasing the attractiveness of teaching the natural sciences, especially geology in
the Czech Republic.
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5.1 COMPARISON OF CURRICULAR DOCUMENTS

It follows from comparison of the curricular documents that the volume of the re-
quired subject matter is above average in the Czech Republic compared to the other
analysed countries (see Tab. 4 as an example). A somewhat negative effect of a
large amount of subject matter very frequently occurs in practice in duplication of
teaching of some geological subjects at the lower secondary school level, where the
same subject matter is discussed in various subjects or grades (e.g. the universe, for-
mation and structure of the Earth). On the other hand, the flexibility of the Czech
system is a favourable factor. It enables schools to move subject matter between
the individual subjects and, where appropriate, to create new teaching subjects and
integrate subject matter into them (including the possibility, e.g. of creating the
separate subject of Geology) (Jefabek et al., 2005). Nonetheless, this potential is
insufficiently exploited and most school educational programmes exactly copy the
assignment of subject matter set forth in the national curriculum. The possibility of
freely assigning subject matter to the individual subjects in the framework of school
educational programmes is based, amongst other things, on the mutual cooperation
of teachers, interconnection of suitable subject areas and strengthening of the inter-
disciplinary approach to education. However, teachers often have no concept of the
subject matter in other fields of the natural sciences. This attitude is completely
contrary to the idea of an interdisciplinary approach to teaching (Wake, 2000, 2008),
which should be reinforced.

The scope of geological subject matter in the Czech Republic is most similar to
that in Estonia. The Polish curriculum corresponds to the Estonian curriculum in
terms of the number of geological topics but the specific content is less. The Slove-
nian curriculum includes geology only sporadically. Slovenia and Poland approach
the inclusion of geology in teaching through its integration into physical geography.
The choice of educational content is quite logically completely determined by the
local geology, but is not systematic. On the one hand, students are better able
to remember examples and they are more illustrative for them but, on the other
hand, the local emphasis prevents discussion of some important geological subjects
or they are considered only marginally. The inclusion of geological content in the
context of the Estonian curriculum is a sort of compromise between the explication
of theoretical geological knowledge and specific examples of geological phenomena
relating to the region of Estonia or Europe. Geological topics are first considered in
general (this corresponds to the subject matter of Geology in the Czech curriculum);
then the subject matter returns to the geological phenomena that correspond to the
local geology (in parallel with the Polish and Slovenian curricula). The concept
of the Estonian curriculum gives students the opportunity to connect their general
knowledge with illustrative examples.

A great many surveys came to the conclusion that the low or decreasing inte-
rest of students in science is partly a consequence of its presentation as a collection
of separated, out-of-context facts with little value, which are not related to every-
day life and the personal experience of students (Aikenhead, 2005; Osborne, Simon
& Collins, 2003; Sjsberg, 2002). Thus, from the viewpoint of its illustrative capa-
bility, the Estonian exposition of geological subject matter and the simultaneous
provision of comprehensive information seem most suitable. The volume of edu-
cational content is not reduced as a consequence of the local focus and theoretical
information is simultaneously connected with what students can observe in the im-
mediate surroundings.
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5.2 EDUCATIONAL CONTENT OF GEOLOGY AND EXPECTED
OUTCOMES

All the curricular documents of the analysed countries have a general inadequacy in
the incompleteness of the coverage of the key geological topics and, in some places,
excessive vagueness in their definition. Specification of the educational content
corresponds to classical teaching divided into the individual subjects with emphasis
on learning the terminology, description of natural processes and classification of mi-
nerals, rocks and raw materials. The individual educational topics should be defined
in relation to the most important geological processes, their physical or chemical
nature and their mutual relationship. This is the only way that greater integration
of knowledge can be achieved and skills acquired in the various disciplines. More
general subjects should be supplemented by practical examples, where possible in
areas familiar to students. Formulation of the outcomes should emphasise the abi-
lity to carry out simple analysis of phenomena and processes, where the student
is capable of using the acquired knowledge to perform specific tasks. Outcomes
should also encompass practical skills that the student can utilise in everyday life or
his/her future employment, as well as theoretical observations which form his/her
relationship to nature and the environment.

5.3 RECOMMENDED TEACHING METHODS

A contemporary trend in education in the natural sciences and elsewhere is to intro-
duce teaching methods based on critical thinking, independent work and individual
observations, where the student develops his/her abilities irrespective of his/her na-
tural talents. Teaching methods such as project teaching, experimentally oriented
teaching and problem-based or complex tasks are generally conceived to maximise
the individual development of each student within the framework of his/her abili-
ties. This is motivating for the student and these methods are intended to make
the content of the not-very-popular natural sciences accessible for students (Rocard
et al., 2007). Wake (2008) based his work on a similar idea, according to which
a student who is interested in a particular field can make a greater contribution to
this field if (s)he is capable of properly employing the literature and technology, and
of applying ideas and opinions.

However, the analysed countries have different approaches to requirements on
the use of the above-mentioned teaching methods. While the Czech curriculum
defines all the requirements only at the level of the educational area, Estonia, Slove-
nia and Poland recommend selected methods at the level of the specific teaching
subjects. The Polish curriculum even contains a separate chapter dealing with the
manner of implementation of methods suitable for teaching Geography. In addi-
tion, Estonia and Slovenia define the spheres of applied teaching. In this respect,
the Czech curriculum is the briefest and tends to under-evaluate the recommenda-
tion of teaching methods suitable for education in the natural sciences. It would
undoubtedly be more binding for teachers if the required teaching methods were
fixed in the curriculum directly in connection with the subject they taught. Simi-
larly, suggestions for implementation of these methods in teaching would simplify
work for teachers, motivate them and help in achieving the defined expected out-
comes.
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5.4 INCORPORATION OF GEOLOGY — RECOMMENDATIONS FOR
CZECH EDUCATION

The current inclusion of Geology with Biology in teaching the Natural Sciences (Bio-
logy) in the Czech Republic would seem to be obsolete in the present day. There is
very little interpenetration of geological topics with biological topics. The connection
of Geology with Physical Geography would undoubtedly be useful and would elimi-
nate unnecessary duplicity; in addition Physical Geography directly describes and
explains the shapes of the Earth, which are a consequence of endogenic or exogenic
geological processes, and connects them with the environment, anthropogenic effects
on the natural environment, non-renewable and renewable natural resources, agri-
culture, territorial planning and other disciplines. It thus has a far greater overlap
with Geology than Biology. The fact that Geology is traditionally connected with
Biology in the subject of Natural Science follows from the tradition of describing the
connection between the development of non-living and living nature and probably
also from the fact that Geography has a long tradition of teaching as a separate
subject. The introduction of study programs for teaching geography together with
geology in elementary schools would undoubtedly be facilitated by resolution of this
problem. This combination is not yet available at universities in the Czech Repub-
lic. This is similar only to the combination of Natural Science with Environmental
Studies. A similar connection would be useful at the level of education of teachers
for secondary schools, where it is theoretically possible to study Geology together
with Geography at Masaryk University in Brno, but this is not utilised very often.

6 CONCLUSION

Geology is not a very popular branch of science in the Czech Republic (e.g. Bi-
canova, 2013; Pafizkova, 2015) and other European countries (Fermeli et al., 2011).
It is a frequent complaint that there is too much theory and little connection to
everyday life. While an above-average amount of information is provided to stu-
dents according to the Czech curriculum, there is a lack of interconnection of the
individual subject areas and scientific fields. The traditional combination of the geo-
logical sciences with biology does not facilitate such a close interconnection; these
fields interpenetrate only in the area of palaeontology and related stratigraphy, the
development of life, its evolution and the development of the relationship between
non-living and living nature in the past. However, most geological processes tend
rather to be controlled by the laws of physics and chemistry, whose exposition is
lacking in the current explication of geology. In the Czech Republic, this problem
already arises from the university preparation of pre-service teachers, which prac-
tically does not offer the possibility of studying the combined fields of geology and
geography; this would seem to be a better approach to the preparation of teachers for
the subject of Geology. Similarly, at the level of secondary education, the intercon-
nection of these two subjects would undoubtedly contribute to better understanding
of the connections between geological processes and their consequences, as studied
by the geographic sciences. This change would probably lead to more effective and
more attractive teaching. The modifications in the appearance of the curriculum
in the Czech Republic should include expected outcomes encompassing, amongst
other things, requirements on practical skills that the student can use in everyday
life or his/her future employment. The learning content could be made more attrac-
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tive by including the requirement on the use of modern teaching methods, ideally
supplemented by specific suggestions for implementation of these methods.
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Abstract

In the Czech Republic, a revision of the national curricular documents for primary and
secondary education is being prepared and intensively discussed. The aim of this paper is
therefore to contribute to the ongoing professional discussion and to select the key aspects
of foreign curricular documents that may be inspiring for the Czech curricular reform.

In our study, we compare the concept of the biological part of the valid national curric-
ular documents for lower secondary education (from the 6" to the 9*" grades), the second
stage of basic school in the Czech Republic, with five selected post-communist European
countries, namely Estonia, Hungary, Poland, Slovakia and Slovenia. We focused on the
following key aspects: a) the major characteristics of biology as a school subject (or the
biological part of the subject “science”); b) specification and arrangement of subject mat-
ter; c¢) biology as a scientific discipline; d) didactic recommendations and requirements;
e) the way of treating crucial biological disciplines; f) other criteria, such as emphasis on
local regions or public engagement.

We consider the Estonian and Slovenian educational programmes to be the most in-
spiring ones, since they elaborate general educational objectives to the level of particular
learning content and standards of knowledge. We also find the links to practical work and
ICT and connections between biology and general competences very useful when using
the documents in classroom practice. The Slovenian document offers an inspiring holistic
approach to teaching of biological issues. The Estonian curriculum is a good example of in-
corporating local aspects, such as typical local ecosystems. The national curricula of both
countries recognise biological knowledge and scientific literacy as being very important for
the lives of the individual as well as for society.

Key words: biology, curriculum, curricular reform, lower secondary education, science.
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Srovnavaci analyza biologické casti narodniho
kurikula na 2. stupni zakladnich skol
Ceské republice a ve vybranych
postkomunistickych zemich

Abstrakt

V Ceské republice v souc¢asné dobé& probiha revize narodnich kurikuldrnich dokumentti
pro zakladni a stfedni Skoly, kterou doprovazi intenzivni odborna diskuse. Nasim cilem je
proto vybrat klicové aspekty zahrani¢nich kurikuldrnich dokumentt, které by mohly pro
¢eskou kurikularni reformu poslouzit jako inspirace.

V nas$i studii porovnavame koncepci biologické ¢asti platnych narodnich kurikulédrnich
dokumentt pro druhy stupen zakladni skoly (a odpovidajici stupné nizsiho sekundarniho
vzdélavani v zahrani¢i) v Ceské republice a v péti vybranych evropskych postkomunis-
tickych zemich (Estonsku, Madarsku, Polsku, Slovensku a Slovinsku). Zaméfili jsme
se na nasledujici klicové aspekty: a) hlavni charakteristiky biologie jako $kolniho pred-
métu (respektive biologické ¢asti pfedmétu ,pifirodni védy“); b) specifika a usporadani
vzdélavaciho obsahu; c) pojeti biologie jako védni discipliny; d) didaktickd doporuceni
a pozadavky; e) pojeti jednotlivych klicovych biologickych disciplin; f) dalsi kritéria, jako
napriklad ddraz na lokalni aspekty nebo obcanskou angaZzovanost.

Za velmi inspirativni povazujeme vzdélavaci programy Estonska a Slovinska, ve kterych
jsou obecné vzdélavaci cile velmi dobfe rozpracované na troven konkrétniho vzdélavaciho
obsahu a pozadovanych standardd znalosti. Pro jednotliva témata poskytuji naméty na
praktickou ¢innost zakt a vyuziti ICT ve vyuce. Slovinské kurikulum uplatiiuje ve vyuce
biologickych témat holisticky pfistup. Estonské kurikulum poskytuje dobry priklad za-
¢lenéni mistnich aspektd, jako jsou typické mistni ekosystémy. Kurikula obou téchto
statt zduraznuji, Ze biologické znalosti a prirodovédna gramotnost maji zasadni vyznam
pro zivot jednotlivce i spolec¢nosti.

Klicéova slova: biologie, kurikulum, kurikularni reforma, 2. stupen zakladni Skoly, pfi-
rodni védy.
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In the Czech Republic, a revision of national curricular documents for primary
and secondary education, the Framework Educational Programmes, is being pre-
pared and intensively discussed. Our aim is therefore to contribute to the ongoing
professional discussion and to select the key aspects of foreign curriculum documents
that can be inspiring for the Czech Republic.

We compare the concept of the biological part of the science curricula for lower
secondary education, the second stage of basic school (from the 6% to the 9*®
grades) in the Czech Republic and for corresponding school grades in five other
European countries, namely Estonia, Hungary, Poland, Slovakia and Slovenia, and
evaluate their strengths and weaknesses in the light of current pedagogical lite-
rature. These post-communist countries joined the European Union a few years
after the millennium and subsequently performed their curricular reforms accord-
ing to EU-legislation. Hungary, Poland and Slovakia were selected as our nearest
post-communist neighbours, sharing a similar history after World War II. Estonia
and Slovenia were added to our comparison, because they scored above the OECD
average in PISA (OECD, 2016) and their curricula might thus provide a desired
inspiration for our planned curricular reform. We were methodologically inspired
by Pawilen and Sumida (2005), who compared the educational programmes of the
Philippines and Japan. In our comparison, we focused on the major characteris-
tics of the school subject biology, subject matter, biology as a scientific discipline,
didactics of biology, and the ways of teaching biological disciplines.

1 THEORETICAL BACKGROUND

There are numerous studies describing the decline of pupils’ interest in science and
science subjects both in the Czech Republic and abroad (Bilek, 2008; Dawson,
2000; Osborne, Simon & Collins, 2003; White Wolf Consulting, 2009). The attitude
toward science is declining as well (Abrahams, 2007; Haste, 2004). The most fre-
quently mentioned reasons are that science subjects are not relevant and are isolated
from pupils’ everyday lives (Rennie, Goodrum & Hackling, 2001) and therefore are
perceived as difficult (Lyons, 2006; Shirazi, 2017) and boring (Ebenezer & Zoller,
1993; Goodrum, Rennie & Hackling, 2001). In contrast, some studies revealed that
lessons in some science disciplines (especially biology) are relatively popular among
pupils (Prokop, Prokop & Tunnicliffe, 2007) and biological topics, such as human
health, are more interesting for the pupils than technological science (da Silva et al.,
2018). Also, the difficulty perceived by the pupils strongly differs between particular
topics (Cimer, 2012).

Another problem is the huge amount of knowledge which is required, rather
than problem solving, literacy and creativity (Hong, Shim & Chang, 1998; Koul
& Fisher, 2002; Lindahl, 2003; Osborne & Collins, 2001; Sorgo, 2012). Therefore,
it is crucial to re-evaluate what and how to teach (Skoda & Doulik, 2009; Vaiejka,
2006). When looking for an answer to the question of how to teach, we can find some
possible solutions in published research studies. Hands-on and minds-on teaching
forms and methods have the potential to improve pupils’ attitudes toward science
(Sorgo & Spernjak, 2009; Uitto & Kirni, 2014) and increase their motivation and
interest (Grant, Malloy & Hollowell, 2013; Holstermann, Grube & Bégeholz, 2010;
Janstova, 2017). The teaching content has to be relevant to the students (Hassan,
2011; Lindahl, 2003; Lindner, 2014). Pupils should have the opportunity to be
active and discuss freely (Freeman et al., 2014; Lyons, 2006). Dealing with living
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organisms is advisable when learning biology (Randler, Hummel & Prokop, 2012),
as well as learning outdoors, e.g., during field trips (Zoldosova & Prokop, 2006).
Practical indoor courses can be also effective if taught properly (Stohr-Hunt, 1996;
van den Berg, 2013). Inquiry is recognised as an advisable method as well as it
includes scientific principles as described, e.g., by Papéacek (2010) or Bogner and
Sotiriou (2014). Although the abovementioned principles are widely accepted, the
reality at Czech schools is often different. More and more teachers recognise the
term “inquiry” or “inquiry-based science education”, although Radvanova, Cizkova
and Martinkova (2018) pointed out that the terms are quite often misunderstood by
Czech teachers. This is in concordance with the fact revealed by PISA (OECD, 2016)
that Czech pupils have only limited chances to carry out experiments and use inquiry
at school. Science literacy has been tested on a regular basis by PISA. The latest
results (2015 testing) show that pupils from Poland, Estonia and Slovenia scored
above the OECD average and did not perform worse than in 2012. In contrast, pupils
from the Czech Republic scored significantly worse in the 2015 testing compared to
three and nine years before. In general, Czech pupils have better content knowledge
than procedural knowledge (OECD, 2016).

Since the late 1990s until the school year 2006,/2007, Czech schools had to choose
between two alternative state educational programmes for the second stage of basic
school (lower secondary education) — the more widespread “Zakladni gkola” (MSMT
CR, 2003) and the less common “Néarodni gkola” (MSMT CR, 1997), with more or
less fixed structuring of subject matter into particular study grades. Since the
school year 2007/2008, the original educational programmes were replaced by the
Framework Educational Programme for Basic Education, which has been gradually
updated (MSMT CR, 2017). This principal curricular reform followed EU legisla-
tion, gave the schools more freedom in arrangement of teaching content and aimed
to incorporate the abovementioned modern educational trends in the Czech school
system.

Recent studies indicate that the curricular reform in Czech schools was adopted
only formally, the teachers have not accepted it and therefore there is no great impact
on everyday teaching (Dvotak, Stary & Urbéanek, 2015; Janik et al., 2010; Janik,
2013; Stech, 2013). The reason is probably underestimating the need for a broader
discussion and agreement among teachers, teacher trainers and the professional pub-
lic, together with missing methodology that would support the reform (Strakové,
2013). Another problem was that the teachers were required to prepare themselves
and their school for the reform after their ordinary teaching hours, virtually in their
free time (Kufina, 2014). Currently, a revision of the Czech Framework Education
Programme (MSMT CR, 2017) is being prepared. This offers a great opportunity
to search for inspiration in other studies focused on curricular documents or in the
documents themselves.

Many studies focus on comparing science education in different countries. Most
of them can be divided into the following five groups according to their predominant
perspective:

a) Studies concentrating on how a particular topic is dealt with in countries with
different national curricula (Erdogan, Kostova & Marcinkowski, 2009; Poupova,
2018; Zembylas, 2002);

b) Studies comparing different school educational programmes based on the same
national curriculum (Hayes & Deyhle, 2001);

c¢) Studies comparing textbooks (Park, Park & Lee, 2009);
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d) Studies describing differences monitored directly during science lessons at
schools (Su, Su & Goldstein, 1994, 1995);

e) Studies comparing pupils’ results in connection with the type of their school
curriculum (Kim, Lavonen & Ogawa, 2009; Russell & Weaver, 2011; Schmidt
et al., 1996);

f) Studies describing the development of curricula or comparing selected aspects
of curricula of different school subjects in particular countries (Ayas, Clepni
& Akdeni, 1993; Sorgo & Spernjak, 2012).

In contrast, studies providing detailed and complex comparative analysis of the
entire science/biology part of national curricula of several countries are rather scarce
(Grajkowski, Ostrowska & Poziomek, 2014; Pawilen & Sumida, 2005). We believe
this type of study is urgently needed and therefore we have chosen this approach
for our study. Our results may provide important arguments and inspiration for the
ongoing professional discussions about the new form of the Czech national curricu-
lum.

2 METHODS

The national curricular documents (educational programmes for basic schools) that
were used in our study are stated in the References. We studied their latest available
online editions. The Czech (MSMT CR, 2017), Slovakian (SPU, 2015), Slovenian
(MIZS, 2011a, 2011b, 2011c; MIZS, 2014) and Polish (MNE, 2018) documents were
studied in their original languages. The Estonian (Government of the Republic of
Estonia, 2014a, 2014b) and Hungarian (The Government of Hungary, 2014) docu-
ments were studied in their official English translations.

We formulated the following categories for a qualitative content analysis. In the
comparison, we used criteria stated in Appendix I. We focused on the following
categories:

a) The major characteristics of biology as a school subject: These comprise, e.g.,
whether biology is taught as a separate subject or as a part of an integrated
science subject, what its aims are and its prescribed time allocation (see nos.
2,3, 4 and 9 in Appendix L.).

b) Subject matter: its specification, arrangement, etc. (see nos. 5, 6, 7, 8, 10 and
11 in Appendix L.).

c) Biology as a scientific discipline: its specifics, history, relationship to society
and to other disciplines and adoption of scientific methodology (see nos. 15,
16, 18, 19, 21 and 25 in Appendix L.).

d) Didactic recommendations and requirements for biology lessons: These com-
prise the required equipment of classrooms, number of practical lessons, rec-
ommended teaching methods or forms of assessment (see nos. 20, 23, 24, 26
and 27 in Appendix I.).

e) Way of treating crucial biological disciplines: taxonomy, evolutionary biology,
cell biology and ecology (see nos. 11, 12, 13, and 14 in Appendix I.)

f) Other criteria: such as emphasis on local regions or public engagement that
did not appear in all documents (see nos. 17 and 22 in Appendix I.).
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3 RESuLTS

3.1 STAGE OF SCHOOL

In this chapter, we compare biological parts of the intended national curricula in
the Czech Republic (CZ), Estonia (EST), Hungary (HG), Poland (PL), Slovakia
(SK) and Slovenia (SLO). We focus on lower secondary education, represented by
the second stage of Czech basic schools (6 to 9" grades). This corresponds ap-
proximately to the Slovakian, Polish and Hungarian second stages (5" to 9*® grades
in Slovakia, 5" to 8" grades in Hungary, 4'® to 8% grades in Poland), Estonian and
Slovenian second (4" to 6" grades) and third stages (7*® to 9*" grades). In Slovenia,
the second stage (4" to 62 grades) is considered as a part of primary education (see
Sorgo & Spernjak, 2012), but we included it into our study for the sake of better
context.

3.2 INTEGRATED SCIENCE OR SEPARATE BIOLOGY

In the above-mentioned stages of basic school, biology can be taught either as an
independent subject or as a part of an integrated subject called “science”. Biology
as a separate subject is taught in Poland and Slovakia, Czech schools can decide
which way they prefer (either biology or science). In Estonia, science is taught in
lower grades (till 7" grade) whereas biology is taught in higher grades (from 7
grade on). Similarly, in Slovenia, science is taught in the 6"t and 7*" grades, with
about two thirds of time allocation devoted to biological topics. Biology is taught
as a separate subject in the 8** and 9*" grades. Moreover, in Slovenia, pupils in the
8% and 9" grades can choose among a variety of optional subjects, including those
focused on biological, environmental, agricultural and health related topics (MIZS,
undated). Optional subjects (electives) are not included in our study. In Hungary,
the integrated science subject for the whole second stage is planned.

3.3 PRESCRIBED TIME ALLOCATION

In some countries the time allocation for biology or science is specified by the proper
educational programme (see Appendix, row No. 4). It is stated either as the number
of hours per week or per school year (CZ, EST, SK, SLO), or as the percentage of
time (HG) devoted to that particular educational subject. The time allocation can
be either minimal (CZ, HG) or obligatory (EST, SLO). Only in Estonia and Slovenia
is the time allocation prescribed for biology as a separate subject. The exact number
of hours is not stated in the Polish document.

3.4 OBJECTIVES AND EXPECTED OUTCOMES

All of the countries studied (CZ, EST, HG, PL, SK, SLO) have similar objectives
for science (or biology) in basic schools. In accordance with the Estonian docu-
ment we can divide these objectives into: a) scientific knowledge, b) inquiry skills
and c) values and attitudes. All of the countries studied formulate key compe-
tences in a similar manner. These competences are usually common to all sci-
ence subjects, thus not only to biology, but to physics, chemistry and geography
as well, but in the Slovenian document for the 8" and 9*" grades, the key com-
petences are elaborated also specifically for biology. One of the main aims of the
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science subjects is to promote scientific literacy by gaining appropriate methodolog-
ical competences: Pupils should formulate questions, observe natural phenomena,
solve problems, do experiments, analyse data, draw conclusions from them, use dif-
ferent information sources and present their results. Pupils also should understand
the relationship between nature and society, feel responsible for the environment
and make competent decisions in everyday life. Pupils should also have positive
attitudes to nature and value natural sciences. In the Slovenian documents, the
demands on the pupils’ inquiry skills are elaborated for each study grade and are
gradually increasing from 6% to 9 grades and a positive attitude towards science
is accented.

3.5 DISTRIBUTION OF SUBJECT MATTER INTO GRADES

In some countries (PL, SK, SLO), the educational programme describes how to
sketch out the subject matter into particular grades, but these recommendations
need not be compulsory (PL). In other countries (CZ, EST, HG), the educational
programme just states that the subject matter should be taught in the second stage
(in EST either in the second or third) and schools themselves decide how to dis-
tribute the subject matter into the particular grades. In Hungary, the educational
programme makes a difference between pairs of grades, 5** and 6% on one hand
and 7% and 8" on the other, and describes the subject content for each of these
pairs.

3.6 STRUCTURING OF SUBJECT MATTER

In some countries (CZ, HG, PL) where the schools themselves decide what to teach
in which grade, the subject matter in the educational programme is structured into
biological disciplines (botany, zoology, human biology, genetics, ecology, etc.). The
situation is different when the order of topics is obligatory (SK, SLO) and it is even
more complicated in Estonia where the educational programme determines the stage
(224 or 3'Y) and also the type of subject (science or biology). Both Slovakia and
Estonia start with an ecological view of nature (in 5*" and 6" grades in SK, and
in 274 stage science in EST) and focus on life in various ecosystems or near human
settlements. In higher grades, the attention moves to various groups of organisms
(plants, mushrooms, microorganisms, invertebrates, vertebrates), human biology,
genetics, ecology and environmental protection. The Slovenian documents apply
a holistic approach to biological teaching content. They clearly follow three hier-
archical levels — cell, organism and ecosystem, which are continuously present from
the 6 to the 9'" grades and also the links between them are clearly defined (MISZ,
2011a: scheme on p. 30). The Slovenian 6" grade focuses mainly on the biology of
plants; 7' grade on the biology of bacteria, fungi, animals and ecosystems; 8" grade
on cell biology and human biology. The Slovenian 9** grade is devoted to more gen-
eral, synthesizing and applied topics, such as evolution, genetics, biotechnologies,
biodiversity, and biology and human society.

3.7 DEPTH OF LEARNING CONTENT

The learning content in the majority of the countries studied (CZ, HG, PL, SK)
is not specified in detail. It is described briefly, and only in outline records the
structure of that particular topic. It cannot be understood as a list of terms and

Scientia in educatione 100 10(3), 2019, p. 94-124



theories pupils should learn. The Estonian and Slovenian documents distinguish
between biological concepts and learning content. Formulations such as “pupils
give examples” or “determine the most important species” are used without explicit
specification of those examples and species. In zoology, the following taxa are men-
tioned: cnidarians, coelenterates, molluscs, arthropods, worms, fish, amphibians,
reptiles, birds and mammals. In botany, the Czech and Slovenian educational pro-
grammes are the most detailed — they mention algae, mosses, sporogenous plants,
conifers, monocotyledonous and dicotyledonous angiosperms, which the other coun-
tries do not specify. In human biology, the compared educational programmes state
the same topics ordered in the same way (bones and muscles, circulatory, respira-
tory, digestive and excretory tract, nervous system, reproduction and ontogenesis of
man). The Slovenian document puts a strong emphasis on the pupils’ understand-
ing of the relation between the anatomy of organs, their physiological function and
human health (e.g., “pupils understand the connection between the structure and
the function of the eye (the appearance of the image), they correlate this with errors
and corrections of vision, risks of injury, prevention and first aid,”; MIZS, 2011a:
p. 12, paragraph D8-2).

3.8 INCORPORATION OF GEOLOGY

All of the countries include at least some geological topics in the subjects science
or biology. In some of them (CZ, SK), the whole of geology is covered by the topic
“Inanimate nature”, and “The history of Earth”, while in the others just certain
topics are included (EST, SLO). Geology can also be part of geography (PL, SLO,
in CZ it can be so as well, depending on the particular school’s educational pro-
gramme). In Hungary, geology is incorporated especially in two subject areas — “The
earth — our environment” and “Man and nature” encompassing science, biology,
geography, chemistry and environmental science in general. In Slovenia, geologi-
cal content is briefly covered by the teaching content “Rocks and soil” in the 6%
grade.

3.9 EDUCATIONAL AND PRACTICAL AIMS

The expected outcomes are many practical skills that can be used in everyday life.
In all of the countries studied, they are connected with human biology and a healthy
lifestyle. We can give the following examples of expected outcomes: giving first aid,
behaving safely in nature, following hygienic rules and rules preventing one from
diseases, behaving in an environmentally-friendly manner, maintaining a healthy
lifestyle (healthy eating habits, avoiding drug abuse), behaving in a sensible way
during ecological disasters and behaving in a sexually responsible way. Topics con-
nected with agriculture and food processing are also valuable from a practical point
of view. For example, the Slovakian document states such topics as types of veg-
etable, fish farming and beekeeping. Slovakian and also Czech pupils should, among
others, learn how to differentiate between poisonous and edible mushrooms. Es-
tonian pupils should be able to make compost. The Hungarian document states
several times that pupils should gain a critical approach to pseudoscientific, anti-
scientific and anti-technological assertions. In Hungary, Estonia and Slovenia, the
ability to operate with new technologies and ICT is accented.
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3.10 OPPORTUNITY FOR PUPILS AND TEACHERS TO INFLUENCE
WHAT IS TAUGHT

In Estonia, there is a passing reference that it is important to plan investigation-
based assignments that follow the pupils’ interests and experiences. In Slovenia,
teachers are allowed to use up to 20% of the overall time allocation for biology
in the 8 and 9*" grades for more detailed teaching of topics according to the
pupils’ abilities and interests, current issues and/or the local situation. In the other
countries, the opportunity for pupils to influence what they learn is not mentioned
at all.

3.11 TAXONOMIC DEMANDS

Classification of organisms is a relatively marginal part of the biology curricula in the
countries studied. Their expected outcomes usually state that pupils should classify
organisms into appropriate taxa (on the level of main classes of vertebrates and
phyla of invertebrates and plants). Moreover, the Czech Republic, Hungary, Poland
and Slovenia require knowledge of taxonomic principles. Slovenian pupils of the 9**
grade shall understand basic principles of phylogenetic systematics. A list of definite
species of organisms that pupils should learn about is not stated in any country.
Especially in Estonia, Slovenia and Slovakia, botany and zoology are not treated in
a systematic manner, but rather a comparison of the physiology (reproduction, etc.)
of various groups of organisms is required.

3.12 INCORPORATION OF EVOLUTION

In some countries (EST, PL, SLO), evolution is set as a separate chapter. Estonian
and Polish documents state a few expected outcomes connected with evolution —
such as explaining principles of biological evolution, comparing humans and other
vertebrates, etc. In Slovenia, “Evolution” is one of the crucial themes of the 9%
grade and is recognised as a central one. The chapter is relatively comprehensive,
with 18 well elaborated expected outcomes which put rather high demands on the
cognitive abilities of pupils and a fundamental knowledge of genetics (e.g., “pupils
recognize that evolution is a gradual process in which the new complex properties
of an organism arise through many generations; mutations are random in the sense
that they are not aimed at improving the organism; natural selection is not acci-
dental”, MIZS, 2011a: p: 17, paragraph J1-5). In the Czech Republic, evolution is
included in three different chapters: Introduction to biology, Phylogenesis of man,
and Inanimate nature. In Slovakia, it is a short part of the chapter History of the
Earth and human evolution is not mentioned at all. However, in Slovakia, evolution
is also a part of other topics, such as biocenosis (in the 5th grade), diversity of ver-
tebrates (in the 7" grade) and ecological factors (in the 9*" grade). The Hungarian
document speaks about evolution in various places in the subject area “Man and
nature”, especially in the biology subject. This section contains several references
to the evolution, e.g., regarding the topic of History of science and Constancy and
Diversity of the living world. Except for Hungary, evolutionary principles are not
involved in other topics. In the Hungarian document an evolutionary approach is,
among others, used in geography for analysing the geographical distribution of plant
and animal species.
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3.13 TREATING ECOLOGY

Lower grades in some countries (EST, HG, SK) present an ecological view of nature.
This is especially true for Estonian second stage science. Organisms and their life
processes are dealt with in connection with their environment (wild animals and
their ecosystems or domestic animals and organisms living in human settlements).
The Estonian document focuses a great deal on Estonian and Baltic wildlife. In
higher grades in Estonia and Slovakia, environmental protection and ecology is in-
corporated as a separate discipline. In the Czech Republic and Poland, ecology and
environmental protection are dealt with as separate chapters but we must be aware
of the fact that the schools do not have to follow strictly the structuring of the
learning content stated in educational programmes. In Slovenia, ecological topics
start in the 6'" grade with the roles of plants in ecosystems; continue with the eco-
logical roles of animals, bacteria and fungi and with the structure and functioning of
ecosystems, and ends in the 9" grade with biomes, the biosphere and biodiversity.

3.14 TREATING CELL BIOLOGY

In some countries (EST, SK), cell biology is not described as a separated chapter
and specific characteristics of bacterial, plant and animal cells are mentioned when
the group of organisms is being discussed. Details about the nucleus are incorpo-
rated into genetics. The structure of the cell is taught before the cell functioning. In
other countries (CZ, PL), cell biology is a part of the introduction to biology. (But
as has been stated above, the Czech document does not demand the following of the
prescribed order of topics.). In Hungary, some information about cells are in a sep-
arate topic (Life processes at the cell level, Types of plant and animal tissues), and
other information is mentioned elsewhere. The Slovenian curriculum, in contrast,
puts a strong emphasis on cell biology from the 6" up to the 9" grades — starting
with plant cells, continuing with animal, bacterial and fungal cells and graduating
with general topics such as cell physiology and genetics.

3.15 INCORPORATION OF HISTORY OF SCIENCE

The history of science seems to be a relatively marginal part of the studied curricula
as it is not systematically incorporated in any of them. Marginal remarks that
appear in the Hungarian, Czech and Slovenian documents follow: Hungarian pupils
should be occupied with the history of science to get to know the nature of science.
They should, for example, describe the evolution of models and theories or analyse
the advantages and limitations of methods of obtaining knowledge. In the Czech
educational programme, there is one reference of peripheral importance about the
historical development of biology (or science). Slovenian teachers should present
biological facts as the result of the work of many scientists throughout centuries
of research. Their pupils should recognise the significance of biological discoveries
(e.g., Darwin’s Theory of Evolution or the structure of DNA). In EST, PL and SK
hardly any remarks about the history of science can be found.

3.16 RELATIONSHIP BETWEEN SCIENCE AND SOCIETY

As far as the relationship between biology and society is concerned, educational
programmes in the countries studied concentrate on utilisation (growing plants and
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breeding animals, forestry), environmental protection (responsibility for the envi-
ronment, sustainability), medicine and the merits and risks connected with various
technologies. Pupils are expected to understand the connections between human
activities and the environment as well as between various scientific disciplines; they
should also express respect for living beings. Moreover, in Hungary, avoidance of
pseudoscientific approaches is mentioned.

3.17 EMPHASIS ON LOCAL REGIONS

Preferring topics connected with local regions is especially striking in the Estonian
educational programme. Estonian pupils should (especially in the second stage) oc-
cupy themselves with environmental problems near their home and focus on wildlife
in their homeland or in the Baltic Sea. In the other countries (HG, PL, SK, SLO)
the emphasis is not so striking, nonetheless, pupils should also determine common
species living near their school, find information about the local region and do ex-
periments (or observations) near their home. Slovenian pupils should understand
the reasons for the high biodiversity found in Slovenian nature. Only in the Czech
Republic are local regions not accented.

3.18 INTERDISCIPLINARY LINKS AND THEIR FULFILMENT

In the introductory part of the educational programmes, the need to promote in-
terdisciplinary links is stated. This is so in all of the countries studied. These
links are stated in general without any particular recommendation on how to do
so. In Estonia and Slovenia, connections between biology and general competences
(cultural and values, social and citizenship, self-awareness, communication, mathe-
matics and entrepreneurial competence) are more elaborated. These pieces of advice
are short but usable in practice (e.g., the demand for oral presentations on results
from observations to bolster the pupils’ communication competence).

3.19 RELATED EDUCATIONAL AREAS AND CROSS-CURRICULUM
SUBJECTS

Biological topics are also incorporated in other educational areas and cross-curricu-
lum subjects. In CZ, these are the educational areas Man and health, Man and
work (plant growing and breeding, laboratory technique), the cross-curriculum sub-
ject Environmental education and the optional educational field Ethical education.
In Slovakia, the relevant educational areas are Man and work (plant growing and
breeding), Health and movement, the cross-curriculum subject Environmental edu-
cation, Health and life protection and Sexual education. In Estonia, many biological
problems are dealt with in the educational areas Environment and sustainable devel-
opment and Health and safety, in Hungary, there is an educational area called Way
of life and practical skills. Similar trends can be seen in the Slovenian curriculum,
especially in the 6 and 7" grades, where the integrated science subject is taught.
No related educational areas are mentioned in Poland.

3.20 RECOMMENDED TEACHING METHODS

Estonia and Slovenia pay the most attention to teaching methods from all of the
countries studied. In Estonia, various teaching methods and activities should be
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used, including homework, pair and group work, extending the study to museums
and school surroundings (outdoor learning), role play, discussions, project work, cre-
ating a study folder and a research paper, and practical and research related work.
In the Slovenian document, didactic recommendations are included as are well elab-
orated separate chapters, but the teachers are autonomous in choosing from among
the methods. In addition to particular teaching methods, they include also general
topics, such as remedying the pupils’ misconceptions or promoting their interest in
biology. In the other countries, less attention is paid to this topic, it is often said
that the methods should be varied (HG, PL) and that inquiry-based learning and
the pupils’ own activity should be preferred (CZ, SK). In the Slovakian document,
creating mental maps is mentioned several times. The Polish document strongly
recommends using various types of information (pictures, films, texts, animations,
internet data, etc.), outdoor learning and field work (examples of suitable experi-
ments are stated in Polish syllabi).

3.21 SPECIFIC BIOLOGICAL SKILLS

Scientific skills pupils should gain during biology lessons are the following: species
identification with the help of identification manuals (HG, CZ, SK), designing ex-
periments and observing animal behaviour (CZ, PL, SK), and using a microscope or
magnifying glass for observation (CZ, HG, PL, SK, SLO). In Slovakia and Slovenia,
the inquiry skills are interconnected with presentation and communication skills.
The Estonian, Hungarian, Polish and Slovenian documents speak more generally
about solving scientific problems (choosing appropriate methods, creating models,
collecting information, formulating hypotheses, recording data, drawing conclusions
and presenting summaries). In Estonia, particular biological skills are incorporated
into practical tasks (see below).

3.22 PUBLIC ENGAGEMENT

In Slovakia, we can find the requirement that pupils should become involved in
raising public awareness of natural scientific issues. The motivation to participate
in age-appropriate environmental protection events or activities supporting public
health is demanded. To a certain degree, we can find this demand in Estonia and
Slovenia, as well; the other countries do not refer to it. Polish pupils should show
and share their opinions on current biological topics such as genetic modification,
and ecological and nature conservation issues.

3.23 REQUIRED PRACTICAL LESSONS

In the educational programmes, practical work in a laboratory and field research
are mentioned as essential teaching methods. In Hungary, the minimum number
of practical lessons is set down. (In the 5 grade, pupils should perform at least
two independent experiments per year, present their notes or drawings at least four
times per year and prepare one work on a science-related subject. In the 7*" and
8 grades they should perform at least two biological experiments or examinations
per year and take part in at least one practical activity outside the school.) The
Slovenian curriculum for science requires that at least 40% of teaching hours in the
6" and 7" grades be based methods of work, with an emphasis on classroom and
field experimental research. In the 8" grade at least 10 and in the 9*" grade at
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least 13 teaching hours of biology (at least 20% of the total time allocation) must
be devoted to experimental and fieldwork in smaller groups. In Estonia, tasks for
practical work are listed for every topic. (This is called “Practical work and use of
ICT” and is comprised of usually 3 to 5 tasks that may involve field research and
other activities outside of school: e.g., studying the sprouting of seeds in different
environmental conditions, making a model of an organ, going for a study trip to
a nature reserve, etc.) The minimum requirement of outdoor learning is also stated
in the Estonian document. (In the second stage of study, pupils should visit an
environmental centre, museum or laboratory outside of the school at least twice, in
the third stage of study in every science subject once during the academic year.)
Practical tasks in the other countries (CZ, HG, PL, SK, SLO) are not specified so
precisely. They are embodied in expected outcomes: Pupils should, for example,
monitor pollution in the school’s surroundings (SK) or do an experiment with yeast
fermentation (PL). More detailed examples can also be included in the supporting
document (PL).

3.24 REQUIREMENT OF METHODOLOGICAL SKILLS

All of the countries’ demands on methodological (inquiry) skills are high. As has
been written above, pupils should be able to solve scientific problems using appropri-
ate methods (observation, experiment), they should be able to plan their research,
formulate hypotheses, collect the information needed, analyse data and draw conclu-
sions from the data. These inquiry skills are described in the general characteristics
of scientific education and are embodied in expected outcomes (CZ, HG, PL, SK,
SLO), while in Estonia they are addressed also in connection with particular learning
content.

3.25 EQUIPMENT OF LABORATORIES AND SPECIAL CLASSROOMS

The equipment needed for laboratory and practical work is also discussed in ed-
ucational programmes (except for HG). Estonia and Poland explicitly state very
concrete demands (classrooms with hot and cold water, sinks, sockets, working
desks, microscopes, binoculars, different sensors per class, first aid kit, models of
human organs, sets of microscopic sections or technology for a teacher’s demonstra-
tion). Other countries (CZ, SK, SLO) just state that schools should have special
classrooms with appropriate equipment.

3.26 SPECIFICATION OF ASSESSMENT

There is nothing said about pupils’ assessment in the Czech Republic, Hungary,
Poland and Slovakia. In contrast, Estonia pays much attention to this issue. It is
stated that teachers should use oral assessment and/or numerical grades and that
the assessment should be applied to attitudes and pupils’ behaviour, too. Estonian
teachers should correct grammar mistakes in written assignments (but not take them
into account in the assessment), pupils must know the criteria for assessment, and
their inquiry skills and active participation in discussions must also be evaluated.
In the third stage of study, thinking in the context of the subject should be 80%
of the grade (40% being tasks that require the use of lower levels of thinking, 40%
being tasks that require the use of higher levels of thinking) and development of
research and decision-making skills should make up the other 20% of the grade.
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Slovenia has a well elaborated way of general assessment of pupils’ achievement of the
expected standards of knowledge. Three standards of knowledge are distinguished;
standard 1 defines the minimum, and standard 3 is the most advanced knowledge.
The Slovenian standards are not based on details of the learning content, but on
understanding the principles, ability to use the knowledge in a broader context,
proper interpretation of facts and taking a stance on the issue based on relevant
arguments.

4 DISCUSSION

4.1 GENERAL FEATURES OF THE STUDIED CURRICULA

From the detailed comparative analysis presented above, we can infer the following
general characteristics of the biological parts of the six national curricula studied:

The Estonian and Slovenian educational programmes are precise and the gen-
eral aims are very well elaborated on the level of the particular learning content. In
comparison with the other countries they specify practical work and assessment of
pupils’ performance and outcomes in the most sophisticated way. They also state
particular recommendations on how to fulfil its demands (e.g., how to deepen inter-
disciplinary bonds or which teaching methods to choose). Moreover, the Estonian
and Polish educational programmes specify also the required classroom equipment.
There is a heavy emphasis on using ICT in Estonia and Slovenia. In Estonia, the ed-
ucation is (especially in the lower grades) centred on the local region and applies an
ecologically-oriented approach. This is facilitated by the existence of an integrated
subject, science.

The educational programmes of the Czech Republic, Slovakia and Poland are
much alike. There is huge freedom for schools: Czech schools can even choose
whether to teach biology or science, and Czech and Polish schools can decide on
their own what to teach in which grade. None of these countries specify the learning
content in much detail. Slovakia differs from the other two countries in the respect
that it applies an ecologically-oriented approach in lower grades and that it empha-
sises the need of the pupils’ participation in public educational and environmental
activities.

The Hungarian educational programme prefers an ecologically-oriented and in-
terdisciplinary approach. This document is the least detailed; it states a great many
general proclamations and lets the schools arrange the education at their own dis-
cretion.

4.2 DO THE NATIONAL CURRICULA FOSTER PUPILS’ INTEREST IN
BIOLOGY?

In agreement with published studies which point out the need of connecting biology
and science education to everyday life in order to make it relevant (Hassan, 2011;
Lindahl, 2003; Rennie, Goodrum & Hackling, 2001), all of the analysed curricula
mention topics which are useful and needed in everyday life. These are mainly hu-
man health, poisonous plants, domestic animals, environmental protection and, very
importantly, avoidance of pseudoscientific approaches (HU). Most of these topics are
cross-curriculum subjects. The issue of connecting scientific issues and everyday life
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is raised in several curricula (EST, PL, SK, SLO). Another part of the content be-
ing relevant is learning about local regions, which is a very important part of the
Estonian curriculum and is also mentioned in other national curricula (HG, PL, SK,
SLO) but not in the Czech Republic. Learning about local regions can naturally
happen outdoors as many studies recommend (e.g., Zoldosova & Prokop, 2006).
Outdoor learning has to be used in Estonia, Poland and Slovenia according to their
curricula. Another essential recommendation from literature is to let the pupils
find their own way of solving problems, doing inquires and discussing (Freeman et
al., 2014; Lyons, 2006; Sorgo & Spernjak, 2009; Papéacek, 2010). This is also re-
flected by the analysed curricula, as in all of the countries studied inquiry or solving
scientific problems should be used while teaching biology. Quite naturally, pupils
are required to present and communicate their thoughts by some curricula (EST,
HU, PL, SLO). Discussion is pointed out in the Estonian curriculum, which is the
most detailed among the studied curricula where talking about teaching methods
is concerned. Practical courses are also ordered by all of the compared curricula,
with the Estonian one being the most detailed and including “Practical work and
use of ICT” in every topic and the Slovenian one which requires a high proportion
of laboratory and field practical work in small groups. Interestingly, even more
importance to practical work compared to biology is given in the chemistry and
physics parts of the Slovenian curriculum (Sorgo & Spernjak, 2012). As literature
suggests, a hands-on, together with a minds-on approach, is effective (Stohr-Hunt,
1996; van den Berg, 2013). Among other topics, observing animal behaviour is also
mentioned in some curricula (CZ, PL, SK), as recommended by Fancovicova and
Prokop (2017), Prokop and Fancovi¢ova (2017) and Randler, Hummel and Prokop
(2012). In spite of the emphasis on practical activities in the Slovenian curricula,
Sorgo (2012) pointed out that little attention is placed on the development of the
pupils’ creativity.

Regarding structuring the subject matter, an interesting pattern was revealed.
While some countries (CZ, HG, PL), where the decision on what to teach in which
grade is left up to schools, have the subject matter in the educational programme
structured into biological disciplines (botany, zoology, human biology, genetics, ecol-
ogy, etc.), another situation was found in Estonia and Slovakia. These countries start
with ecology (learning about ecosystems and focusing on various groups of organ-
isms later) and continue with human biology, genetics, ecology and environmental
protection. The order or even location in a grade is given. A similar case is the
Slovenian curriculum, in which the distribution of subject matter within the grades
is obligatory and the curriculum is constructed in a holistic way — each of the main
groups of organisms are treated on the level of cell, organism (mainly anatomy and
function) and ecosystem, with special emphasis on the links between the levels. 8
grade is devoted to human biology and 9" grade to general, synthetic and applied
topics (e.g., biological molecules, evolution, human genetics, biotechnologies and en-
vironmental problems). This raises an interesting question of whether this pattern
can be generalised and why it works better to give more structure to the subject
matter in case of an “ecological and evolutionary” approach. One would expect links
and interconnection within the subject matter to be crucial in any case, even when
structuring biology into disciplines like botany, zoology, etc. Analysing more curri-
cula is needed to answer this question. Structuring the subject matter in a different
way does not seem to have a direct influence on science literacy as pupils from both
Poland on one side and Estonia and Slovenia on the other scored above the OECD
average in 2015 (OECD, 2016).
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There are several recommendations from the literature and analysed curricula
which can be taken into account for the revision of the Czech curriculum. The main
ones are to emphasise outdoor education, links to local place and community, and in
general to mention more specific examples such as suitable practical courses, links
to ICT, and the connections between biology and general competences. Although
the Czech curriculum states experiments and inquiry should be used while teaching
biology, PISA results from 2015 indicates that this, in reality, happens quite rarely
(OECD, 2016). As experience from the last Czech curricular reform has shown,
previous discussion with in-service teachers, teacher trainers and others involved
in the educational process and acceptance by the professional public is essential
(Strakova, 2013).

The results of our study can be related to those stated in a Polish study by
Grajkowski, Ostrowska and Poziomek (2014). This study compares core curricula
for science subjects in Poland, England, Finland, Estonia, France, and in the Czech
Republic. Thus, three of these countries are the same as in our study. The Polish
paper lists several points that its authors find missing or insufficiently emphasised
in the Polish core curriculum in comparison with the other countries. They use this
list to suggest advice on how to improve the Polish educational programme. In the
following passage we discuss their points and recommendations with respect to our
study (Grajkowski, Ostrowska & Poziomek, 2014: pp. 33-34, 37-38).

The Polish paper recommends combining science subjects, and stresses the need
for stronger interdisciplinary links and a cross-curricular nature for Polish educa-
tion. Having an integrated subject at least in the lower grades is supposed to be
a contemporary trend. From our study we can infer that this is true especially in
Estonia and Slovenia. Some authors (for example, Folta, 1998) recommend teach-
ing the history of science to help create cross-curricular connections and overcome
the traditional specialisation of scientific disciplines. However, as was shown in our
study, none of the countries pay enough attention to this topic. The Polish study
came to a similar conclusion, with the exception of England, where a tradition of
teaching the history of science exists.

As the Polish study states, the need for an interdisciplinary approach is inter-
connected with problem-based coverage of teaching content. They suppose that
a problem-based approach is more adequate for the 215 century than teaching sepa-
rate topics resulting from the 19" century arrangement of natural sciences. Accord-
ing to our results, especially Estonia employs this approach. Moreover, both our
study and the Polish study highlight the emphasis Estonia put on the application
of ICT in various topics.

According to Grajkowski, Ostrowska and Poziomek (2014), the creation of a cat-
alogue of skills common for all science subjects is needed. They mention especially
those skills that are connected with scientific reasoning and scientific method (exper-
iments and observations). They think such a list could enable moving the emphasis
from teaching content to educational aims. Some authors state (e.g., Matthews,
2011) that doing science (or imitating it during school lessons) is one way to come
to understand the scientific way of thinking. Learning about science and its nature is
at least as important as learning science (Matthews, 2011). According to our study,
scientific skills in the chosen countries are described only in general and having such
a catalogue of skills could make deciding what to do during practical lessons easier.

The Polish study advises adding a few sections of content. They list ethical and
moral issues related to science and the history of science. According to our study
ethical and moral issues are partially present in the Slovakian document where the
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need for public engagement of pupils (their participation in the formation of public
consciousness of scientific issues) is mentioned several times. Although Grajkowski,
Ostrowska and Poziomek (2014) do not state any argument for teaching the history
of science, there are many: History of science is supposed to show the way that
scientific knowledge is formed and the nature of science as such. It presents science
as a never-ending search for answers and prevents people from regarding today’s
state of scientific knowledge as an indisputable absolute truth (Horner & Rubba,
1978). Moreover, according to some authors (e.g., Karpenko, 1997), the history of
science can serve as a source of ethically interesting situations, thus, teaching the
history of science can fulfil this need as well.

The Polish study also states that more attention should be paid to developing
pupils’ motivation to study science. They demand more concrete suggestions for
how to make a pupil interested in science and affect his or her attitude towards
the natural world (Grajkowski, Ostrowska & Poziomek, 2014). Forming a positive
attitude to science and nature is an educational aim of all curricula in all of countries
we studied. To fulfil this requirement, concrete advice would be helpful.

4.3 LIMITATION OF OUR STUDY

We are obligated to mention that although we explored the national curricula of all of
the countries thoroughly and performed in-depth comparisons, it is not possible for
our results to give a full picture regarding the educational processes in the selected
countries. Moreover, in our study, we did not include an important link between the
official national curricula and school reality — the textbooks. As we stated above, the
evidence evinces that the reality often differs from the instructions of the national
curricula. We also did not take into account issues overlapping into the humanities.
Further, as we are not native speakers/citizens of all of the chosen countries (only
of the Czech Republic), there is a possibility that we misunderstood some of the
information and involuntary misinterpreted them. We tried, however, to reduce this
to a minimum.

5 (CONCLUSIONS

From the analysed curricula, the most inspiring were the Estonian and Slovenian
ones, because they precisely elaborate general educational objectives into the level of
the particular learning content and standards of knowledge. Moreover, the Slovenian
document offers an inspiring holistic approach to the teaching of biological issues.
The Estonian curriculum is a good example of incorporating local aspects, such as
typical local ecosystems. We also find the content-specific links to practical work and
ICT and the connections between biology and general competences in the Estonian
curriculum very useful when using the documents in school practice. The national
curricula of both countries recognise biological knowledge and scientific literacy as
being very important for the individual and society.

This can be a good inspiration for revision of the Czech Framework Educa-
tion Programme. Regarding this revision, both experience and literature show that
public discussion and elaborate support for teachers are essential conditions for suc-
cessful change.
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APPENDIX

Differences between the biological parts of core curricula of selected countries (CZ,
EST, HG, PL, SK, SLO)

CURRICULAR DOCUMENTS

CZ Ramcovy vzdélavaci program pro zakladni vzdélavani (MSMT CR, 2017)

EST National Curriculum for Basic Schools (Government of the Republic of Estonia,
2014b) Appendix 4 of Regulation No 2 of the Government of the Republic of 6 Ja-
nuary 2011. National Curriculum for Upper Secondary Schools (Last amendment
29 August 2014). Subject Field: Natural Science (Government of the Republic of
Estonia, 2014a)

HG National Core Curriculum (The Government of Hungary, 2014)

PL  Nowa podstawa programowa (Szkota podstawowa IV-VIII) (MNE, 2018)

SK  Stétny vzdelavaci program (SPU, 2015)

SLO Program osnovna Sola. Biologija. Uéni naé¢rt. (MISZ, 2011a) Program osnovna
Sola. Naravoslovje — Uéni nac¢rt. (MISZ, 2011b)

1 STAGE OF SCHOOL

CZ 6 to 9" grades

EST 279 stage (4'} to 6'® grades) and 3™ stage (7' to 9" grades)

HG 5% to 8" grades

PL 4% to 8" grades

SK 50 to 9t grades

SLO 27 stage (4™ to 6™ grades) and 3" stage (7" to 9*" grades), relevant subjects
taught from the 6 to the 9" grades

2 INTEGRATED SCIENCE OR SEPARATE BIOLOGY

CZ It depends on the school, both arrangements are possible.

EST From 4™ to 7™ grades science integrating biology, chemistry, geography and physics
is taught. From 7' grade biology is taught.

HG Integrated science is being planned, but in the document separate subjects are dealt

with.
PL  Biology, science in 4% grade.
SK  Biology.

SLO In the 6™ and 7™ grades science (naravoslovije), integrating biology, chemistry,
physics, environmental science and geology; in the 8 and 9" grades separate biol-
ogy (biologija).

3 PRESCRIBED TIME ALLOCATION

CZ  For the educational area Man and nature (comprised of biology, chemistry, geogra-
phy and physics) the time allocation pooled for 6™ to 9™ grades must be at least
21 lessons per week. This educational area should be incorporated in each grade.

EST In the 27 stage science should be taught 7 lessons per week, in the 3™ stage (in
7th grade) science should be taught 2 lessons per week and biology 5 lessons per
week.

HG Minimum percentage rates for subject areas are set:
a) Man and nature — for 5*" and 6" grades 6-10%; for 7 and 8*" grades 10-15%.
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b) The Earth — our environment — for 5 and 6% grades 6-10%; for 7*" and
8th grades 15-20%.

PL It is not specified.

SK It is not specified.

SLO science: 6™ grade — 2 lessons per week (70 per school year), 7*" grade — 3 lessons
per week (105 per school year), 175 lessons in total biology: 8% grade 1.5 lessons
per week (52 per school year), 9" grade — 2 lessons per week (64 per school year),
116 lessons in total.

4 OBJECTIVES AND EXPECTED OUTCOMES

The main aim is to develop scientific literacy. Forming scientific literacy is comprised
of gaining methodological skills (exploring, problem solving, dealing with information,
discussing), forming a positive attitude to science and wildlife and gaining environmentally-
friendly attitudes. Expected outcomes are formulated as verbs that show what ability
pupils should obtain.

5 DISTRIBUTION OF SUBJECT MATTER INTO GRADES

CZ Distribution of subject matter into grades is decided on the school level.

EST Subject matter is obligatorily distributed into stages, not into particular grades.

HG Subject matter is divided into two sections: 5 and 6, and 7" and 8" grades. It
is not obligatory.

PL  Distribution of subject matter is suggested but is not obligatory.

SK  Distribution of subject matter into grades is fixed.

SLO Distribution of subject matter into grades is fixed.

6 STRUCTURING OF SUBJECT MATTER

CZ  Structuring of the subject matter is decided on the school level. In the document it
is arranged into separate biological disciplines (botany, zoology, ... ).

EST The second stage science follows an ecological approach. The third stage of biology
deals with particular taxa (e.g., physiology and reproduction of vertebrates), eco-
logy, human biology, genetics and evolutionary biology. The third stage science is
devoted especially to physics and chemistry.

HG An ecological approach to the subject matter is followed.

PL  Structuring of the subject matter follows traditional biological disciplines. It is
similar to the Czech one.

SK  The subject matter in 5™ grade follows an ecological approach, then anatomy and
physiology of various taxa of organisms is dealt with. In higher grades, human
biology, genetics, ecology and geology are taught.

SLO A holistic approach to biological teaching contents, three hierarchical levels — cell,
organism and ecosystem, from the 6 to the 9" grades. 6 grade focuses mainly
on the biology of plants; 7*" grade on the biology of bacteria, fungi, animals and
ecosystems; 8" grade on cell biology and human biology. 9" grade on synthesi-
zing and applied topics, such as evolution, genetics, biotechnologies, biodiversity or
biology and human society.

7 DEPTH OF LEARNING CONTENT

CZ The particular species pupils should know are not specified. Learning content is
described only briefly. Classes of vertebrates, phyla of invertebrates and plants and
organ systems are enumerated.
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EST

HG
PL

SK

SLO

Learning content is described briefly, the document enumerates a few concepts and
a list of concrete practical tasks (together with the use of ICT) for each topic.
Learning content is not described in detail. No taxa are specified.

Learning content is short and briefly described. Classes of vertebrates, phyla of
invertebrates and plants, organ systems and selected diseases are enumerated.
Learning content is short and briefly described. Classes of vertebrates, phyla of
invertebrates and plants and organ systems are enumerated.

Subject matter is briefly described. Classes of vertebrates, phyla of invertebrates and
plants and organ systems are enumerated. A strong emphasis is put on the pupils’
understanding of the relation between different hierarchical levels and between the
structure and function, e.g., the anatomy of organs, their physiological function and
human health.

8 INCORPORATION OF GEOLOGY

CZ
EST

HG
PL
SK
SLO

Yes.

There are just a few geological issues in science and biology, the majority of them
is incorporated into geography.

There are just a few geological issues in the chapter Earth.

There are just a few geological issues in biology.

Yes.

Briefly covered by the teaching content “Rocks and soil” in the 6"

grade.

9 EDUCATIONAL AND PRACTICAL AIMS

They are related to food, healthy lifestyle, first aid, agriculture, wildlife protection and
protection of humans in extraordinary situations.

10 OPPORTUNITY TO AFFECT WHAT IS TAUGHT

CZ
EST
HG
PL
SK
SLO

It is not mentioned at all.

There is just one general notion.

It is not mentioned at all.

It is not mentioned at all.

It is not mentioned at all.

Teachers are allowed to use up to 20% of time allocation in the 8" and 9 grades
for more detailed teaching of topics according to the pupils’ abilities and interests,
current issues or the local situation.

11 TAXONOMIC DEMANDS

CZ
EST
HG
PL
SK

SLO

There are a few remarks on principles of classification.

It is not mentioned at all.

There are a few remarks on principles of classification.

There are a few remarks on principles of classification.

There are a few remarks on classifying species into taxa. Botany and zoology is not
treated systematically.

Botany and zoology are not treated in a systematic manner, knowledge of taxonomic
principles is required.
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12 INCORPORATION OF EVOLUTION

CZ

EST

HG

PL

SK

SLO

Evolutionary biology is not a separate chapter, evolutionary issues are incorporated
into other chapters (for example, human evolution is incorporated into human bio-
logy).

In the 3" stage there is a separate chapter on evolutionary biology. It does not
penetrate other chapters.

There are brief and general notions about the necessity of acquainting pupils with
the Theory of Evolution.

There is a separate chapter about the evolution of life. It includes similarities
between humans and apes.

Only one topic (the origin of life and its evolution) is mentioned in general. There
is no notion about the evolution of humanity.

One of the crucial themes of the 9*" grade; treated as a separate chapter. Evolution
is recognised as a central principle in biology.

13 TREATING ECOLOGY

CZ

EST
HG

PL
SK

SLO

Ecology of species is incorporated into systematic chapters dealing with taxa. There
is a separate chapter ecology. (Nonetheless, the arrangement of subject matter is
not obligatory.)

The 2"¢ stage deals with ecosystems, in the 3¢ stage ecology and environmental
protection is dealt with in biology.

The whole 2™ stage is ecologically-oriented.

There are separate chapters ecology and environment.

The 5" grade is ecologically oriented. It deals with ecosystems and organisms living
with humans and in human settlements. In the 8" grade environmental protection
and ecology is dealt with.

Ecological topics start in the grade with the roles of plants in ecosystems; con-
tinue in the 7*" grade with the ecological roles of animals, bacteria and fungi and
with the structure and functioning of ecosystems and ends in the 9" grade with
biomes and biosphere and biodiversity.

6th

14 TREATING CELL BIOLOGY

CZ
EST
HG
PL

SK

SLO

Some topics are included in introduction to biology, the rest is distributed in many
other chapters. (Nonetheless, the arrangement of subject matter is not obligatory.)
Subject matter concerning the cell is divided into several chapters.

Subject matter concerning the cell is divided into several chapters.

The majority of cell biology is incorporated into the introductory chapter Organi-
sation and chemistry of life. The rest is divided into other chapters.

Subject matter concerning the cell is divided into several chapters. (The sequence
of the partial topic is the following: structure of cell, function of cell, specifics of
bacterial cell, eukaryotic nucleus.

Cell biology is taught from the 6 up to the grades — starting with plant cells,
continuing with animal, bacterial and fungal cells and finishing with general topics
such as cell physiology and genetics.

gth

15 INCORPORATION OF HISTORY OF SCIENCE

CZ
EST
HG

There is only an isolated notion about important biologists and their discoveries.
It is not mentioned at all.
It is mentioned just in a general manner.
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PL
SK
SLO

It is not mentioned at all.

It is not mentioned at all.

Teachers should present biological facts as the result of the work of many scientists
throughout centuries of research. The significance of some biological discoveries is
mentioned (e.g., Darwin’s Theory of Evolution or the structure of DNA).

16 RELATIONSHIP BETWEEN SCIENCE AND SOCIETY

CZ

EST

HG

PL

SK

SLO

Specification of the subject matter is comprised of, among others, such points as
importance, protection, usage, benefits, risks, advantages and disadvantages.

The document stresses the need of responsibility for the environment, a positive
relationship to wildlife and understanding of the connections between science and
technology.

The document stresses the need of responsibility, of being able to distinguish be-
tween pseudoscientific and scientific approaches and of understanding the links be-
tween science and technology.

The document mentions the need of understanding connections between science and
everyday life (for example, in medical issues) and between various scientific disci-
plines. It stresses understanding problems concerning GMO, biodiversity, energy
sources, etc.

Some chapters deal with agriculture, forestry, medicine and environmental protec-
tion.

The document stresses the need of responsibility for the environment, positive re-
lationship to wildlife and understanding of the connections between science and
technology.

17 EMPHASIS ON LOCAL REGIONS

CZ

EST

HG

PL
SK

SLO

It is not mentioned at all.

It is accented especially in stage science which focuses on the school surround-
ings, Estonia and the Baltic region. Pupils should be occupied with the environ-
mental problems of their home region.

Pupils should occupy themselves with the environment in school surroundings and
they should know the species living there.

Pupils should be acquainted with the species living near their home.

The document lists concrete environmental tasks pupils should do in their school
surroundings. They focus on the knowledge of local natural specifics.

The pupils should understand the reasons for the high biodiversity of Slovenian
nature.

2nd

18 INTERDISCIPLINARY LINKS AND THEIR FULFILMENT

CZ
EST
HG
PL

SK

SLO

Creating interdisciplinary links is required only in general, no concrete advice is
given.

The connection between biology or science and key competences is briefly mentioned.
There are several pieces of advice for teachers on how to create interdisciplinary links
in their lessons. This is made easier by the existence of integrated science.

The requirement is stated only in general, no concrete advice is given.

The requirement is stated only in general, no concrete advice is given.

Creating interdisciplinary links is required only in general, no concrete advice is
given.

The connection between biology or science and key competences is briefly mentioned.
There are several pieces of advice for teachers on how to create interdisciplinary links
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in their lessons. This is made easier by the existence of integrated science in the 6"
and 7" grades.

19 RELATED EDUCATIONAL AREAS AND CROSS-CURRICULUM

SUBJECTS

CZ Man and health, Man and work, Ethical education, Environmental education

EST Environment and sustainable development, Health and safety

HG Way of life — practical skills, Earth — our environment

PL  No related educational area is mentioned.

SK  Man and work, Health and movement, Environmental education, Protection of life
and health, Education for marriage and parenthood.

SLO Human influence on nature and the environment, Biology and society, Chemistry

of living systems, Biotechnology, Biomes and the biosphere, Protection of nature
and the environment. Interdisciplinary links and links between biology and human
health are often mentioned in particular topics.

20 RECOMMENDED TEACHING METHODS

CZ

EST

HG
PL

SK

SLO

Problem-based learning and the pupils’ own activities should be accented. However,
no concrete methods are recommended.

The document requires the usage of various methods, including homework, work in
pairs and groups, role playing, outdoor activities, discussion, project-based educa-
tion, creating portfolios and research papers and practical lessons. Lessons should
be pupil-centred, active, and pupils should occupy themselves with problem-solving.
In the 274 stage, pupils should visit a centre for environmental education at least
twice a year, on the 3" stage they should do field work, go to a museum or to a
laboratory at least once in each science subject.

It is stated that teaching methods should be various and should involve experiments.
It is recommended to present information in various ways (pictures, films, texts, ... ),
and to do field work and experiments.

The document recommends problem-based education; creating mental maps is men-
tioned several times.

Didactic recommendations are included as well elaborated separate chapters. Be-
sides particular teaching methods, they include also general topics, such as remedy-
ing the pupils’ misconceptions or promoting their interest in biology.

21 SPECIFIC BIOLOGICAL SKILLS

CZ

EST

HG

PL

SK

Pupils should observe with a magnifying glass, microscope or telescope. They should
use various determination materials, create a herbarium and dissect plants and
animals.

The document describes methodological skills in general; concrete tasks (such as
using a microscope, doing field work, ... ) are described in passages. Practical work
and use of ICT.

Pupils’ skills are described only in general. Being able to use a microscope is the
only concrete demand.

Methodological skills are mentioned in general as is using a microscope, observations
and doing field work.

Specific biological skills are formulated similarly to the Czech version. Moreover,
in the Slovakian document there is mentioned at least one other research activity
linked to some presentation skill (making a poster, discussing conclusions, ... ).
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SLO Methodological (inquiry) skills are mostly mentioned in general, without links to
particular biological topics. Use of a microscope is required in relation to human
and animal cells and tissues and the circulatory system (recognition of blood cell

types).

22 PUBLIC ENGAGEMENT

CZ It is not mentioned at all.

EST The pupils’ public engagement is required but not so strongly as in Slovakia.

HG It is not mentioned at all.

PL  Just the understanding of the social aspects of science is mentioned, no pupils’
activities in this respect is required.

SK  The pupils’ public engagement is required in connection with environmental protec-
tion, health protection and local regions.

SLO Responsible personal behaviour in relation to the protection of nature and environ-
ment and the adoption of principles of sustainable development are required.

23 MINIMUM NUMBER OF REQUIRED PRACTICAL LESSONS

CZ It is not mentioned at all.

EST In each chapter, the practical tasks pupils should do are specified. Among the
teaching forms and methods, outdoor activities and field work is required.

HG In the 5™ and 6 grades at least 2 experiments or observations and 4 presentations
of some results should be made. In the 7" and 8" grades there should be at least
4 experiments, and the creation of 4 protocols, 1 health project and 1 practical work
outside school.

PL It is not mentioned at all.

SK It is not mentioned at all.

SLO At least 40% of teaching hours in the 6 and 7" grades must be is based on methods
of practical work, with an emphasis on classroom and field experimental research.
In the 8" grade at least 10 and in the 9" grade at least 13 teaching hours of biology
(20% of the total time allocation) must be devoted to experiments and fieldwork in
smaller groups.

24 SPECIFICATION OF PRACTICAL TASKS

CZ It is not mentioned at all.

EST It is specified in each chapter in a part called Practical work and use of ICT.

HG Tasks for practical lessons are not specified.

PL  In some chapters it is stated that experiments should be done, however no concrete
experiments are mentioned.

SK  Practical lessons are not described in detail, but the activities required can be
inferred from the expected outcomes.

SLO Tasks for practical lessons are not specified.

25 REQUIREMENT OF METHODOLOGICAL SKILLS

Much attention is paid to this issue. Especially the ability to observe, measure, experiment,
create a hypothesis, analyse results, draw conclusions and present them is required.
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26 EQUIPMENT OF LABORATORIES AND SPECIAL CLASSROOMS

CZ Tt is mentioned just in general. (The school should have adequate special class-
rooms. )

EST More concrete requirements on classroom equipment are stated.

HG It is not mentioned at all.

PL  Concrete requirements on classroom equipment as well as on requisites (models of

organs, ...) are dealt with.
SK It is mentioned just in general. (The school should have adequate special class-
rooms. )

SLO Not specified in detail.

27 SPECIFICATION OF ASSESSMENT

CZ It is not mentioned at all.

EST It is specified in detail. The document states, for example, what percentage a
particular ability should have in final marks.

HG It is not mentioned at all.

PL It is not mentioned at all.

SK It is not mentioned at all.

SLO Three standards of knowledge are distinguished (standard 1 — minimum level, stan-
dard 3 — most advanced level of knowledge). The standards are not based on details
of the learning content, but on understanding principles, ability to use knowledge in
a broader context, proper interpretation of facts and taking stances on issues based
on relevant arguments.
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Abstract

In recent years, both in the Czech Republic and abroad, there has been a debate about
the renaissance of educational content and its intended form expressed in national cur-
ricula. From the curriculum analyses point of view, it is highly interesting to compare
similar curricula created in different contexts, on the one hand, and different curricula
created in similar contexts on the other hand. On the basis of the context-curriculum
analysis, the curricula of England, Scotland and the Czech Republic were selected. The
paper seeks to explore biology education in three National Curriculum Frameworks in the
field of primary and lower secondary education. The comparative analysis is a tool for
a deeper understanding the intended learning objectives as stated in the curricula. It pro-
vides an opportunity to compare different types of curricula and analyse biology content
organization and the cognitive demands of the respective disciplinary knowledge, at least
judging from the curriculum documents. The paper contributes to comparative curriculum
research and provides the knowledge needed for the future process of curriculum review
in the Czech Republic. I conclude that, while all these curricula emphasize learning out-
comes and experiences, there are distinct differences between them in a stronger emphasis
on the disciplinary knowledge or developing transversal competencies. It is reflected in
both the learning outcomes formulation and the level of their specificity. This paper offers
a contribution to the debate about the way in which particular disciplinary content is
organized and taught from the perspective of a specific curriculum policy.

Key words: curriculum, curriculum policy, biology, learning objectives.

Srovnavaci studie kurikula biologie v pojeti
Anglie, Skotska a Ceské republiky

Abstrakt

V poslednich letech se v zahranici i v ¢eském prostiedi mluvi o obnoveni tematiky obsahu
vzdélavani, jehoz zamyslenou podobu vyjadiuji kurikularni dokumenty. Z hlediska kom-
parace kurikul je zajimavé zkoumat obdobné pojata kurikula, kterda vznikla v odlisnych
socio-kulturnich kontextech a naopak odlisné pojata kurikula, ktera vznikla v obdobnych
kontextech. Na zakladé analyzy ,kontext-kurikulum“ byla vybrana kurikula Anglie, Skot-
ska a Ceské republiky. Piispévek se zaméiuje na komparaci pojeti biologického vzdélavani
ve tfech narodnich kurikularnich ramcich pro oblast primarniho a nizsitho sekundarniho

125



vzdélavani. Srovnavaci analyza je nastrojem k hlubsimu porozuméni tomu, jak se ve
srovnavanych kurikulech pfistupuje k formulovani zamyslenych cilti vzdélavani. To nabizi
prilezitost ke komparaci riznych typd kurikul a analjzam obsahu oborovych znalosti bio-
logie a jejich usporadani v kurikulu. Prispévek obohacuje soucasny diskurz srovnévaci
pedagogiky a prinasi znalosti, ze kterych mohou vychéazet budouci revize kurikula biolo-
gie v Ceské republice. Dochazim k zavéru, ze vsechna analyzovana kurikula akcentujici
vzdélavaci vystupy a zkuSenosti se v zasadnich rysech lisi ve formulaci vzdélavacich vys-
tupt i drovni konkrétnosti jejich rozpracovani. Text nabizi piilezitost k debatam tykajici
se zpusobu, kterym se z pohledu vybranych vzdélavacich politik pristupuje k formulovani
a strukturaci predmétového obsahu v kurikulu.

Kliéova slova: kurikulum, vzdélavaci politika, biologie, vzdélavaci cile.

In the past two decades, a consensus across the European Union countries has
emerged that the science curriculum should be focused mainly on developing key
competencies. The tendency stems from adopting the Lisbon Agenda, which un-
derlined the crucial importance of the acquisition of competencies for the wellbeing
of citizens, social cohesion, economic development and competitiveness (Council of
the European Union, 2000). In consequence of the ongoing social and economic
changes brought about by progress in science and technology, people are strongly
concerned about how the school curriculum responds and prepares learners to meet
the needs of, what Drucker (2004) calls the “knowledge society”. These economic
and social changes require young people to gain a wide range of knowledge, skills,
attitudes, and values in order to prosper in the current ever-changing societies. The
European Union has defined eight key competencies to be acquired during compul-
sory schooling, amongst which is competence in science (Council of the European
Union, 2018).

However, whilst there is a general agreement that science education is highly
important for all educational systems, there has been little research about its struc-
ture and contents (Osborne & Dillon, 2008). As a part of studies on curricula, in-
ternational comparisons become increasingly helpful for curriculum planning. Even
countries achieving excellent educational results (e.g. Finland, Estonia, Canada) are
systematically studying the results of international comparisons and are constantly
trying to find an optimal solution for improving their own curriculum (Schmidt et
al., 2001; Oates, 2011). International comparisons provide a tool for recognizing
factors that have a significant effect on educational processes and results. Indeed,
the statutory national curriculum has a crucial impact on the way in which teachers
plan their school-based curriculum (Schmidt & Prawat, 2006).

Nowadays, the national curriculum review takes place in the Czech Republic.
The curriculum revision constitutes a cyclic process that starts with an analysis
of the current and desired situation, including context analysis, needs analysis and
an exploration of the existing knowledge base (van den Akker, 2004). The paper
contributes to the analytical phase of curriculum planning as comparative research
about the structure and content of curriculum frameworks that can serve as an
inspiration for the national curriculum design.

This study is related to the development of macro-level educational policies and
curricular documents, not the actual practice in schools and classrooms. The text
is focused on analyzing national curricula for science/biology during compulsory
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education in England, Scotland and the Czech Republic. The aim of the comparative
analyses is to answer the following research questions:

1. How the compared curricula adopt global culture of education and policy bor-
rowing?

2. How the compared curricula differ in the biology content organisation and in
cognitive difficulty and progression of the statements of learning outcomes and
objectives?

National curriculum documents analysed in the study:

e National Curriculum (NC): England (Department for Education, 2013, 2014)
e Curriculum for Excellence (CfE): Scotland (Scottish Executive, 2004)
e Framework Educational Programme (FEP): the Czech Republic (VUP, 2007)

THEORETICAL FRAMEWORK

The actual discussion refers to two theoretical perspectives, which have a signif-
icant influence on current comparative educational research — the theory of new
institutionalism and the theory of policy borrowing. New institutionalism (Meyer
& Rowan, 2006; Meyer, 2010; Ramirez & Meyer, 2002; Wiseman, Astiz & Baker,
2014) postulates that the spread of the global culture of education dominates reform
processes in different parts of the world. Some nations, however, imitate the global
models quite superficially. The concept of “loose coupling” explains changes and di-
vergence from an original model, which may happen in a particular country during
the adoption and implementation of the reform process. Understanding whether and
why there have been identifiable global changes resulting in a putative international
core curriculum may reveal which strategies and topics countries have recognized as
supporting future skills and knowledge (Stecey et al., 2018).

Linked to the rising influence of international large-scale assessments is “policy
borrowing”, where countries adopt education reforms and policies that have been
successfully implemented in other countries, typically high-performing jurisdictions.
The theory of policy borrowing posits, in some cases, that educational reforms are
borrowed on the principle of “solutions first”. In education, the study of policy bor-
rowing has helped to substantiate and legitimise the field of comparative education.
However, learning from comparison does not necessarily mean that policies and prac-
tices should be transferred from one context to another. International comparison
is not a tool for analysing education out of context and against using comparisons
to transplant educational reforms from one country to another. The policy bor-
rowing tends to be a one-way process: the Western/ English speaking nations are
typical “lending” countries of policy origin, while post-socialistic and post-colonial
countries are borrowing policies. The borrowing process in Central/Eastern Euro-
pean countries may face lack of necessary capacity and resources to emulate Western
models (Pritchett, Woolcock & Andrews, 2010; Dvotak & Holec, submitted). The
process of policy borrowing always includes policy translation, i.e., local adaptation,
modification or re-framing (Steiner-Khamsi, 2014).

These two theoretical perspectives provide enable us to study the process of
curriculum development in different local contexts. They offer a deeper understand-
ing of how the compared curricula differ in the aims and objectives of particular
learning content. The English National Curriculum, the Scottish Curriculum for
Excellence (CfE) and the Czech Framework Educational Programme were selected
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on the basis of context-curriculum analysis. For the comparative analysis, the simi-
lar curricula developed in different sociocultural contexts (CfE, FEP) and different
curricula developed in similar local contexts were selected. CfE and PEP are based
on very similar principles promoting general key competencies, cross-curricular top-
ics and the key role of teachers as agents of change (Priestley & Humes, 2010;
Holec & Dvorak, 2017). Both of them represent a shift from a centrally prescribed
curriculum oriented on knowledge transmission to a more progressive curriculum
based on principles of constructivism (Walterova, 1994; Hutchinson & Hayward,
2005). Typically, this type of curriculum is predicated around a view of what an
autonomous adult should be and a learning process (often dialogical, inquiry-based
and experiential) that may serve as the route to achieving these learning objectives.

English NC represents a different model of curriculum. It is acknowledged as
a mainly knowledge-oriented curriculum embodying rigor and high standards in
the key disciplines and focus on the aims of comprehensive knowledge or skill in
a particular subject or activity (Priestley & Humes, 2010; DfE, 2013). In NC, key
competencies are not mentioned explicitly. Comprehensive skills and competencies
are part of particular learning content (see Tab. 1).

Tab. 1: A comparison of general key competencies in three curriculum frameworks for
primary and lower secondary education

National Curriculum Curriculum for Framework Education

(2013, 2014) England Ezcellence (2004) Programme (2007) Czech
Scotland Republic

Competencies are not Successful learners Learning Competency

mentior.led explicitly. Confident individuals Problem—SolYing Competency
(key skills as part of Communication Competency
disciplinary learning Social and Personal Competency
content). Civic Competency

Effective contributors Professional Competency

Responsible citizens

The curriculum consists of a set of content items, most common knowledge,
skills and attitudes that should be gain by all pupils in all schools. These items
are organized into particular disciplines and further into thematic areas. Disci-
plinary curriculum position knowledge is organised either horizontally or vertically.
Horizontal organisation means the particular learning content splits into a list of
thematic areas. On the other hand, the vertical organisation shows the sequencing
of particular learning content in different stages of education (Goodlad & Su, 1992).

All the compared curricula use the educational aims set for particular disciplines
and educational levels (stages) in terms of learning outcomes. Firstly, learning out-
comes in biology can be organised into thematic areas consistent with biology organ-
ism classification. This systematic approach uses the Linnaeus system for classifying
organisms into plants, animals, minerals, etc. In my opinion, the approach repre-
sents a traditional academic view on structuring the biology curriculum. On the
other hand, there is an attempt to connect science education to everyday life expe-
rience. This approach leads to more practically oriented concepts, such as “Towards
a sustainable future” and “What is life?” Science education based on developing
these science concepts is focused on the centrality of pupils in the learning process
(Skoda & Doulik, 2009). Nowadays, science curricula are structured into key scien-
tific concepts emphasizing the nature of science and its relevance for pupils. It is
highly interesting to compare a mainly competence-based curriculum and a mainly
subject-based curriculum.
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The curricula for the content analyses were not selected in relation to achieved
curriculum and educational results. In my study, I am interested in formal curricu-
lum documents that play a limited role in teaching and learning. Despite this fact,
I provide a short insight into science education results according to PISA 2015 in-
ternational survey of scientific literacy for the selected countries. The mean score of
English pupils in scientific literacy performance is higher in comparison to Scottish
and Czech pupils. Pupils in England scored 512 points — above the OECD average,
whilst pupils in Scotland scored 497 points and Czech pupils scored 493 points —
both around the OECD average (Blazek & Pithodovd, 2016) Mean performance in
science has not changed since 2006 for students in England, while it has declined
both in Scotland and the Czech Republic remarkably (OECD, 2016).

METHODOLOGY

In conducting the analysis, I employed a case study approach, using document con-
tent and comparative analysis to examine curriculum policy texts. The purpose
of looking to national curriculum frameworks of England, Scotland and the Czech
Republic was not specifically to compare the context of these three curricula, but
rather to enable a deeper understanding of the way in which they position a biol-
ogy curriculum. The document analysis approach dealt with actual written texts
(Bowen, 2009). The study is aiming at finding out how the biology curriculum of
each country differs in a specific disciplinary structure and the nature of knowl-
edge presented by particular learning outcomes. For the text analysis, it is used
a qualitative research design.

Firstly, a list of the thematic areas covering biology education in all curricula
was selected. Secondly, categories for the analysis were defined beforehand. For
this purpose, it is employed a category system defined in the PISA 2015 Assessment
and Analytical Framework for Science (OECD, 2016) and the TIMSS 2015 Science
Framework (Mullis & Martin, 2014). The frameworks provide us with life science
concepts covering both PISA and TIMSS international assessments in the field of
science and scientific literacy. From the PISA and TIMSS frameworks, two life
science (biology) topics were analysed in each curriculum: food chains, cell and its
organisation. For analysing the corresponding learning content of each curriculum,
these two PISA and TIMSS assessment topics were used. For this purpose, the
analysis is focused on how the particular statement of learning outcomes differs in
cognitive demands. For this purpose Bloom’s taxonomy of the cognitive domain
(Anderson & Krathwohl, 2001) was used. Apart from this analysis, the specific
learning outcomes progression in each curriculum was examined with the aim of
uncovering how the learning objectives are revisited at a higher-order cognitive level
(Bruner, 1960).

THE CURRICULUM CONTENT ANALYSES

Before the comparison, I first provide a brief overview of the key features and un-
dertake a content analysis of each curriculum. The content analysis is focused on
the science curriculum and the position of biology knowledge and scientific skills in
the curriculum documents. The text studies how the science content is organised
within each curriculum with a focus on biology instruction.
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Tab. 2: An example of “working scientifically” topics in the National curriculum
(Department of Education 2013, 2014)

Key stage KS1 KS2 KS3 KS4
(age 5-7) (age 7-11) (age 11-14) (age 14-16)
Learning  Science Science Biology Biology
areas
Scientific ~ Working scientifically (Practical Working Working
skills scientific methods, processes and scientifically scientifically
skills through the teaching) (Scientific (The development
attitudes, of scientific
Experimental thinking,
skills and Experimental skills
investigations, and strategies,
Analysis and Analysis and
evaluation, evaluation,

Measurement) Vocabulary, units,
symbols and

nomenclature)
Thematic Plants (Y1, Y2) Plants (Y3) Cells and Cell biology
areas organisation
Animals, Animals, The skeletal and
including humans including humans muscular
(Y1, Y2) (Y3, Y4, Y5, Y6) systems
Seasonal changes Nutrition and Transport systems
(Y1) digestion
Living things and Living things and Gas exchange Coordination and
their habitats their habitats systems control
(Y2) (Y4, Y5, Y6)
Earth and space  Reproduction
(Y5)
Evolution and Health Health, disease and
inheritance (Y6) the development of
medicines
Photosynthesis  Photosynthesis
Cellular
respiration

Relationships in Ecosystems
an ecosystem

Genetics and Evolution,
evolution inheritance and
variation

THE NATIONAL CURRICULUM CASE

In England, primary and secondary education is compulsory between the age of
5 and 16. In 1988, the Education Reform Act introduced in England the compul-
sory National Curriculum. The majority of the current national curriculum was
introduced in September 2014. The curriculum sets out the programmes of study
and attainment targets for all subjects at all four key stages. In addition to iden-
tifying the main directions of educational processes, including science education,
the National Curriculum contains a detailed specification of skills, which students
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should obtain at specific educational stages. The compulsory state education sys-
tem in England consists of three stages/levels — Key Stage 1 (KS1), Key Stage 2
(KS2), Key Stage 3 (KS3), Key Stage 4 (KS4). Biology content is a part of Science
education during KS1 and KS2, while there is a separate Biology subject from KS3
and KS4 (Department for Education, 2013; Department for Education, 2014).

The national curriculum for science aims to ensure that all pupils develop
scientific knowledge and conceptual understanding through the specific scientific
disciplines. The curriculum focuses on content knowledge of traditional science
disciplines. The learning objectives emphasize the position of traditional subject
disciplines with the aim of developing a secure understanding and skills within the
disciplinary key concepts. By the end of each key stage, pupils are expected to know,
apply and understand the knowledge, skills and processes specified in the relevant
programme of study (Department for Education, 2014).

The structure of the curriculum for biology represents a combination of tra-
ditional content classification into systematic categories (plants, animals including
human, rocks, etc.), along with a classification using crucial biology concepts (cells,
genetics and evolution, photosynthesis, etc.). Except for the disciplinary content,
the curriculum also emphasizes scientific skills that should be developed across the
science disciplines. Tab. 2 shows a list of biology topics in the curriculum through
four key stages.

The disciplinary objectives include content knowledge together with procedural
knowledge and skills. The learning outcomes set the specific knowledge and skills
that pupils should gain further learning progress in the next programme of study.
While the primary education highlights basic cognitive educational aims, the lower
secondary education underlines the position of knowledge application in order to
solve scientific problems (see Tab. 3).

Tab. 3: A vertical structure of learning content representing the National Curriculum
(England). The concept of “food chains” was used for the illustration of topic
progression (Department of Education 2013, 2014)

Pupils should be taught about:

Key Stage 1 Key Stage 2 Key Stage 3

(age 5-7) (age 7-11) (age 11-14)

Describe how animals Construct and interpret The interdependence of
obtain their food from a variety of food chains, organisms in an ecosystem,
plants and other animals, identifying producers, including food webs and
using the idea of a simple predators and prey. insect pollinated crops.

food chain, and identify and
name different sources of
food.

Working scientifically specifies the understanding of the nature, processes and
methods of science for each year group. It should not be taught as a separate strand.
These types of scientific enquiry should include: observing over time; pattern seek-
ing; identifying, classifying and grouping; comparative testing; and researching us-
ing secondary sources. Pupils should seek answers to questions through collecting,
analysing and presenting data. Table 4 shows learning objectives related to scien-
tific skills and its subcategories. Apart from “working scientifically”, the table also
contains learning outcomes for specific disciplinary content: “cells”.
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Tab. 4: Learning objectives for developing scientific skills and procedural knowledge by
11-14 years pupils (Department of Education 2013, 2014)

Working
scientifically

Through the content across all three disciplines, pupils should be taught
to:

Scientific
attitudes

pay attention to objectivity and concern for accuracy, precision,
repeatability and reproducibility

understand that scientific methods and theories develop as earlier
explanations are modified to take account of new evidence and ideas,

together with the importance of publishing results and peer review
evaluate risks

Experimental
skills and
investigations

ask questions and develop a line of enquiry based on observations of
the real world, alongside prior knowledge and experience

make predictions using scientific knowledge and understanding
select, plan and carry out the most appropriate types of scientific
enquiries to test predictions, including identifying independent,
dependent and control variables, where appropriate

use appropriate techniques, apparatus, and materials during

fieldwork and laboratory work, paying attention to health and safety
make and record observations and measurements using a range of

methods for different investigations; and evaluate the reliability of
methods and suggest possible improvements
apply sampling techniques.

Analysis and
evaluation

apply mathematical concepts and calculate results

present observations and data using appropriate methods, including
tables and graphs

interpret observations and data, including identifying patterns and
using observations, measurements and data to draw conclusions
present reasoned explanations, including explaining data in relation
to predictions and hypotheses

evaluate data, showing awareness of potential sources of random and
systematic error

identify further questions arising from their results.

Measurement

understand and use SI units and IUPAC (International Union of
Pure and Applied Chemistry) chemical nomenclature

use and derive simple equations and carry out appropriate
calculations

undertake basic data analysis including simple statistical techniques.

Disciplinary
content —
Biology

Pupils should be taught about:

Cells and

organisation

cells as the fundamental unit of living organisms, including how to
observe, interpret and record cell structure using a light microscope
the functions of the cell wall, cell membrane, cytoplasm, nucleus,
vacuole, mitochondria and chloroplasts

the similarities and differences between plant and animal cells

the role of diffusion in the movement of materials in and between
cells

the structural adaptations of some unicellular organisms

the hierarchical organisation of multicellular organisms: from cells to
tissues to organs to systems to organisms.
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THE CURRICULUM FOR EXCELLENCE CASE

Curriculum for Excellence is the Scottish national curriculum for learners from the
ages 3—15. The Framework containing aims and principles of the ongoing curriculum
reform was published in 2004. The learning outcomes and experiences for specific
learning areas including Science were released in 2009 (Scottish Executive, 2007;
Holec & Dvordk, 2017). The curriculum is a basis for school-based curriculum
development (Priestley & Minty, 2012). During all stages of Scottish compulsory
education, the biology curriculum is a part of the Science learning area.

The purpose of the curriculum is to help children and young people to become
successful learners, confident individuals, responsible citizens and effective contrib-
utors (the four capacities). The framework, therefore, puts the learner at the centre
of the curriculum. The curriculum areas are the organisers for setting out the ex-
periences and outcomes. In drawing up the experiences and outcomes, learning in
each curriculum area emphasizes the contributions it can make to developing the
four capacities. Priestley (2010) argues that the shift to learning outcomes repre-
sents a move from subject-specific to generic curriculum criteria. The experiences
and outcomes have been structured using the following categories: expressive arts;
health and wellbeing; languages; mathematics; religious and moral education; sci-
ence; social studies; and technologies (Scottish Government, 2008). The experiences
and outcomes under each learning area are written at four levels for compulsory ed-
ucation. The science key concepts have been structured using five categories: Planet
Earth; Forces, electricity and waves; Biological systems; Materials; and Topical sci-
ence. The thematic categories remains the same for all educational levels. The
science curriculum specifies that scientific skills should be developed by the pupils
and disciplinary content is expressed as the experiences and outcomes (see Tab. 5).

Tab. 5: List of key science topics in Curriculum for Excellence focusing on scientific skills
and biology learning content (Scottish Executive, 2004)

Level Early First Second Third, Fourth
(age 3-5) (age 5-8) (age 8-11) (age 11-14)

Learning area Science

Scientific skills Inquiry and investigative skills

Scientific analytical thinking skills
Biodiversity and interdependence

Thematic areas Body systems and cells
Inheritance

CfE formulates learning expectation outcomes in terms of experiences, as well
as broad significant outcomes, all of that are designed to reflect the four capacities
(Scottish Executive, 2006b). These learning statements put emphasis on practical
knowledge and its application. Experiences and outcomes are designed from the
learner’s point of view, using terms like ‘I have. ..’ for experiences and ‘I can. ..’ for
outcomes’ (Scottish Executive, 2006a). The use of the first person in these state-
ments is intended to give centre-stage to the learner and emphasize the importance
of personal engagement (Pristley & Humes, 2010). Biesta (2009) refers to this trend
as the “learnification” of education. According to Biesta, this tendency reflects an
unproblematised acceptance that learning is good and a failure to address educa-
tional questions, such as ‘what are we learning?’ and ‘why are we learning it?’.
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Tab. 6: A vertical structure of learning content represented in the Curriculum for
Excellence (Scotland). The concept of “food chains” was used for the illustration of the
topic progression (Scottish Executive, 2004)

P24 P5-7 S1-S3

(First level), age 5-8 (Second level), age 8-11 (Third and Fourth level),
age 11-14

I can explore examples I can use my knowledge of the -

of food chains and interactions and energy flow

show an appreciation between plants and animals in

of how animals and ecosystems, food chains and webs.

plants depend on each I have contributed to the design or

other for food.

conservation of a wildlife area.

Tab. 7: Learning objectives for developing scientific knowledge and procedural
knowledge by 11-14 years pupils (Scottish Executive, 2004)

Scientific skills

Inquiry and

Through experimenting and carrying out practical scientific

investigative investigations and other research to solve problems and challenges,
skills children and young people:

e ask questions or hypothesise

e plan and design procedures and experiments

e select appropriate samples, equipment and other resources

e carry out experiments

e use practical analytical techniques

e observe, collect, measure and record evidence, taking account of safety

and controlling risk and hazards

e present, analyse and interpret data to draw conclusions

e review and evaluate results to identify limitations and improvements

e present and report on findings
Scientific Children and young people develop a range of analytical thinking skills
analytical in order to make sense of scientific evidence and concepts. This

thinking skills

involves them:

e being open to new ideas and linking and applying learning

e thinking creatively and critically

e developing skills of reasoning to provide explanations and evaluations
supported by evidence or justifications

e making predictions, generalisations and deductions

e drawing conclusions based on reliable scientific evidence

Disciplinary content — Biology

Body systems
and cells

e I can explain how biological actions which take place in response to
external and internal changes work to maintain stable body

conditions.
e Through investigation, I can explain how changes in learned

behaviour due to internal and external stimuli are of benefit to the

survival of species.
e By researching cell division, I can explain its role in growth and repair

and can discuss how some cells can be used therapeutically.
e I have taken part in practical activities its impact on the

curriculumvolve the use of enzymes and microorganisms to develop

my understanding of their properties and their use in industries.
e I can debate the moral and ethical issues associated with some

controversial biological procedures.
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THE FRAMEWORK EDUCATIONAL PROGRAMME CASE

Compulsory education in the Czech Republic covers students aged 6 to 15. The basis
for teaching in the Czech education system is the Framework Education Programme
for Elementary Education. The Framework was introduced in 2004. Based on the
Framework, schools prepared their own School-Based Curriculum Document from
2005 (Tupy, 2014). In primary education (Grade 1-Grade 5), biology is integrated
in the subject “Man and his World” (thematic area “Diversity of Nature”). From
6th to 9th grade, biology is delivered as a subject: Natural Sciences.

The science curriculum includes four educational fields: Physics, Chemistry, Nat-
ural Sciences and Geography. The biology thematic areas covered in the FEP are
presented in Tab. 8.

Tab. 8: The basic structure of biology instruction divided into Learning areas and
thematic fields in the FEP (the Czech Republic) (VUP, 2007)

6-9
(age 11-15)
Man and Nature

Grade 1-3
(age 6-9)
Man and His World

Diversity of Nature

3-5

(age 9-11)

Man and His World
Diversity of Nature

Learning areas

General Biology and
Genetics

Fungal Biology

Plant Biology

Animal Biology
Human Biology
Inanimate Nature
Essentials of Ecology
Empirical Exploration
of Nature

Thematic areas

The learning objectives are recorded by means of learning outcomes. The learn-
ing outcomes define general requirements on science instruction and learning content
that each pupil should be taught. Science content is recorded by means of opera-
tional verbs.

Tab. 9: The learning outcomes defined for the topic of “food chains” across educational
stages covering primary and lower secondary education in the Czech Republic (VUP,
2007)

Grade 1-3 Grade 3-5 Grade 6-9
(age 6-9) (age 9-11) (age 11-15)
- The pupil: The pupil:

Study basic communities in
selected localities of regions,
explain principal mutual
relations between organisms,
and identify shared and
different features in the
adaptation of organisms to the
environment

Give examples of the
occurrence of organisms in

a specific environment and the
relations between them.
Explain the nature of simple
food chains in various
ecosystems and evaluate their
importance.
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Tab. 10: Learning objectives for developing particular biology knowledge (the topic of
cell and its structure) and procedural knowledge by 11-14 years pupils (the Czech
Republic) (VUP, 2007)

Disciplinary content — The pupil:

Biology

General Biology and e recognises the basic manifestations of life and its
Genetics conditions and becomes familiar with the outline of the

evolution of organisms
e describes the basic differences between plant, animal and

bacterial cells and explains the functions of basic
organelles

e recognises, compares and explains the functions of basic
plant and animal organs (organ systems)

e classifies organisms and places selected organisms into
kingdoms and lower taxonomic units

e explains the basic principles of sexual and asexual
reproduction and their importance in terms of heredity

e provides examples of heredity from everyday life, as well
as examples of environmental influence on the formation
of organisms

e explains the significance of viruses and bacteria in nature
and for Man on examples from everyday life

Empirical exploration of e applies empirical methods of exploring nature
nature e observes the basic safety rules of work and conduct when

becoming acquainted with animate and inanimate nature

FINDINGS

Question 1: Regarding the two theory perspectives (new institutionalism and policy
borrowing) it is interesting analyse either different national curricula developed in
similar contexts or similar national curricula developed in different contexts. During
designing curriculum in the Czech Republic, inspiration was sought in foreign cur-
riculum documents, specifically in Scotland, England, Norway, Denmark, Sweden,
Hungary, etc. (Tupy, 2014). It is obvious that Scottish CfE and Czech FEP stem
from similar ideology and mechanisms for reforming curriculum in schools. Both
curricula aim to move away from the centrally prescribed, disciplinary-isolated, and
knowledge overloaded curriculum to a model based on constructivist pedagogy, re-
lying on the professionalism of teachers and “soft” key competencies/capacities as
a crucial goal of education (Holec & Dvordk, 2017).

Most importantly, the quality of implementation was very different in the com-
pared countries. While the Scottish curriculum is accepted by many teachers the
Czech reform is perceived as unsuccessful in school implementation and the readi-
ness of many teachers for the transition from the centrally prescribed, disciplinary-
oriented curriculum to curriculum emphasizing key competencies and relying on
teachers as agents of curriculum change (Dvorak, Holec & Dvotakova, 2018). These
problems are often explained by the low support provided to schools and teachers
during the implementation phase of the reform and/or by the attitudes of conser-
vative teachers (Strakova, 2013; Dvorak & Holec, v recenznim Ffizeni).
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The impact of globalization the science curriculum and its impact on the curricu-
lum is an interesting topic for research but it depends on acquiring comparable data
on school curricula from sufficient numbers of countries (Stacey et al. 2018). The
globalisation of local educational policies can be partly explained by transnational
influence particularly results of TIMSS and PISA studies (Dvoiék & Holec, v re-
cenznim Fizeni). The result of the TIMSS and PISA studies are being a key factor
affecting the educational policies significantly as the countries attempt to improve
their performance in international point of view Both Scottish and Czech educa-
tional policies reacted to decreasing results in PISA by more detailed description of
learning outcomes and their standardization. In England, there is a rising interest in
defining core knowledge and skills to be delivered in particular academic disciplines
(Young, 2007). It is highly important the current National Curriculum in England
took place approximately 10 years after the curriculum reforms in Scotland and the
Czech Republic. National Curriculum represents a different model to curriculum
making focused on developing key knowledge and skills in learning content with-
out defining key skill apart from the disciplines. A further study of the National
Curriculum may bring an impulse for innovating the Czech curriculum in reflecting
both knowledge and competencies in the revised learning content.

Question 2: As expected, there were significant differences among the analysed
curricula, both in organisational approach and thematic areas. First of all, the
biology content differs significantly by the way of how biology topics are organised
in each curriculum.

CfE defines broad thematic areas of biology instruction — biodiversity and in-
terdependence; body systems and cells; inheritance. These concepts are developed
across all levels of Scottish compulsory education. In contrast, NC defines specific
thematic areas emphasizing an academic approach to learning science. The thematic
areas differ in each level of compulsory education in England. During the early years,
there are broad topics relevant mostly to a systematic approach to content organisa-
tion in curricula (e.g. animals, including humans; plants, rocks). In lower secondary
education, biology topics focus on developing academic disciplinary knowledge. The
biology education leads to developing concepts of photosynthesis; cellular respira-
tion; nutrition and digestion etc. Similarly to CfE, Czech FEP prescribes a broad
thematic area “diversity of nature” at primary education. In contrast, during lower
secondary education, the Czech curriculum employs thematic categories that reflect
the systematic approach to classifying organisms (e.g. plant biology, fungal biology,
animal biology, human biology). This content organisation is similar to the NC
approach in terms of developing academic knowledge.

I compared expected learning outcomes focusing on the topics of food chains
and cell and its organisation. In the analysis, I focused on how the statements
of outcomes and objectives differ in their cognitive demands. Moreover, I wanted
to find out whether these outcomes represent academic disciplinary knowledge or
practical everyday knowledge.

Firstly, I analysed the learning objectives intended for primary education. The
following examples show the learning outcomes for the topic “food chains”. Accord-
ing to Bloom’s revisited taxonomy (Bloom & Krathwohl, 2001), the outcomes are
intended to develop both understanding the content knowledge and its application:

Pupils should be taught to: construct and interpret a variety of food

chains, identifying producers, predators and prey. (NC, Key stage 2 Sci-
ence)
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Learning in the sciences will enable me to: 1 can use my knowledge of the
interactions and energy flow between plants and animals in ecosystems,
food chains and webs. I have contributed to the design or conservation
of a wildlife area. (CfE, second level Science)

The pupil: studies basic communities in selected localities of regions,
explains principal mutual relations between organisms, and identifies
shared and different features in the adaptation of organisms to the envi-
ronment. (FEP, Grade 3-5, Man and his world — Diversity of nature)

Secondly, the analysis was focused on statements of objectives referring to lower
secondary education. The outcomes cited below focus on developing content knowl-
edge in the topic of cell and its organisation. According to Bloom’s taxonomy of
cognitive education goals, the outcomes cited below tended to signal emphasis on
the most advanced cognitive skills and metacognitive knowledge in the case of NC
and CfE. In contrast, the FEP statement of learning objectives focuses on prescrip-
tive knowledge and basic cognitive skills including remembering and understanding
content knowledge.

Pupils should be taught about: cells as the fundamental unit of living
organisms, including how to observe, interpret and record cell structure
using a light microscope. (NC, Key stage 3 Science)

Learning in the sciences will enable me to: by researching cell division,
I can explain its role in growth and repair and can discuss how some
cells can be used therapeutically. (CfE, third and fourth level Science)

The pupil: describes the basic differences between plant, animal and
bacterial cells and explains the functions of basic organelles. (FEP,
Grade 6-9, Man and Nature — Natural Sciences)

I can, therefore, conclude here that, at the level of curricular statements of
outcomes, the intention is that disciplinary knowledge is gifted a high degree of
importance, both in terms of content knowledge and procedural knowledge. It is
obvious from the examples of cited learning outcomes that the idea of key compe-
tencies is imprinted in all analysed curricula. In the CfE and FEP, key competencies
are stated as the main principles underpinning the education in Scotland and the
Czech Republic. On the other hand, English NC emphasis disciplinary key knowl-
edge and skills as an integrated part of its learning outcomes. It does not separate
key competencies from the learning content.

Focusing on statements of curricular intent at least, there is a discrepancy be-
tween primary and lower secondary education in the Czech curriculum. The state-
ments of outcomes for lower secondary education are highly descriptive focusing on
basic cognitive skills, whereas the primary education outcomes emphasize procedural
knowledge leading to expected disciplinary outcomes.

CONCLUSIONS

The analyses suggest that, in some respects, there are global trends shaping cur-
riculum reforms in the compared countries. The quality of implementation differs
significantly in dependence on the capacity of the entire education system to do so.
Scotland is a typical lending country of policy origin while the Czech Republic as
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a country of policy borrowing. English National Curriculum represents an educa-
tional policy emphasizing traditional academic disciplines embedded in disciplinary
knowledge. Further research may bring an understanding of how this curriculum
model can impact global educational policy.

The comparative analyses showed that at least judging from three curriculum
documents included in the analysis, pupils develop both disciplinary knowledge and
procedural knowledge during their science/biology study. Disciplinary knowledge
continues to be a key purpose within the analysed curricula and statements of in-
tended outcomes as disciplinary objectives are arguably one of the most important
purposes. All compared curricula differ significantly in the disciplinary content
organisation, statement of intended outcomes of learning and the coherence of par-
ticular topics.

In compared countries, biology learning content in educational policy intentions
is organised into thematic areas at different levels of organisation. Scottish Curricu-
lum for Excellence classifies the science content on significant concepts of learning
with a special emphasis on curriculum coherence. For this purpose, the thematic
areas remain the same across all educational levels. In Curriculum for Excellence,
the disciplinary knowledge uses basic cognitive aims at first and later employs more
advanced types of knowledge. There is an explicit intention that disciplinary con-
tent should not be heavily prescribed, but should be flexible to decisions made by
the teachers.

In spite of similarities between Czech and Scottish curricula from the point of
view of the curriculum reform and competence-oriented curriculum, there are dis-
tinctive differences in learning statements organisation and their content between
Curriculum for Excellence and Czech Framework Educational Programme. In the
Framework Educational Programme, the biology learning content is structured into
traditional systematic domains related to biological taxonomy in lower secondary
education. The statements of intended learning outcomes are strongly prescriptive
in content-based mainly on the own educational objectives rather than the process
of learning and knowledge as an instrument to achieve the objectives. Contrary,
the learning objectives in Framework Educational Programme primary education
prioritise the process of learning and disciplinary knowledge as an instrument to
achieve competence-based outcomes. I argue for the distinctive inconsistency in the
biology learning objectives between primary and lower secondary curriculum. While
the primary education outcomes for Science (Diversity of Nature) are dominantly
focused on making science, the lower secondary outcomes for Biology (Natural Sci-
ence) are based predominantly on delivering descriptive knowledge. Judging from
the learning objectives, pupils are learned to recall and understand biology facts
and phenomena rather than to use their knowledge in purpose to solve scientific and
biology problems.

Focusing on the English National Curriculum, the biology disciplinary content
relates both to the traditional systematic approach (noticeably during Key Stage 1
and Key Stage 2) and later predominantly on key biology concepts. The disciplinary
objectives ensure that children are taught the essential knowledge in particular
subject disciplines. National Curriculum represents a traditional subject-oriented
curriculum centred on academic achievements. Compared to the Czech Framework
Educational Programme, the outcomes are more specific, both in content knowledge
and procedural knowledge and skills.
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Vyvoj matematického vzdélavani
na druhém stupni zakladnich skol
v Ceské republice po roce 1989

Jarmila Robovd, Vlasta Moravcova

Abstrakt

Prispévek se na zakladé kvalitativni analyzy predevsim kurikuldrnich dokumenti, uceb-
nic a studia odborné literatury zabyva pric¢inami a nasledky zmén ve vyuce matematiky
na druhém stupni zakladni skoly v uplynulych letech. Nejprve jsou predstaveny zakladni
dokumenty ovliviiujici vzdélavani u nas pred rokem 1989. Jadro clanku je tvoreno tiemi
kapitolami, ve kterych jsou rozebirany promény kurikula matematiky, ucebnic a dalsi pod-
statné aspekty souvisejici s vyucovanim matematice v poslednich tfech desetiletich. Na
prelomu 80. a 90. let minulého stoleti u nas doslo k odklonu od mnozinového pojeti ma-
tematiky a s tim souvisejicimu vydavani novych ucebnic. Pro 90. 1éta byl charakteristicky
pokles hodinové dotace vyuky matematiky, zmény v pojeti uéiva (odklon od exaktnich
definic, sniZeni dirazu na pouzivani symbolickych zapist aj.). Ve vyucovacich metodach
1ze ve sledovaném obdobi pozorovat rostouci priklon ke konstruktivismu a masivni nastup
digitalnich technologii. Po roce 2000 vyuku matematiky na zakladnich skolach vyznamné
ovlivnilo zavedeni rdmcovych, resp. skolnich vzdélavacich programt a jednotnych piijima-
cich zkousek na stfedni skoly. Zavéreéné zamysleni nad soucasnym stavem upozornuje na
rostouci naroky na praci ucitele matematiky.

Klic¢ova slova: matematické vzdélavani, prijimaci zkouska na stfedni Skoly, kurikulum,
ucebnice, ICT, ISCED 2.

Development of Education
in Mathematics at Lower Secondary Schools
in the Czech Republic after 1989

Abstract

Based upon a qualitative analysis of curricular documents, textbooks and studies of the
specialist literature, this article examines the causes and effects of the changes in teaching
mathematics at lower secondary school over the past few decades. First, the paper introdu-
ces the basic documents influencing education before the year 1989. The core of the article
is composed of three chapters in which the transformation of the mathematics curriculum,
textbooks and other essential aspects related to mathematics teaching in the last three
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decades are analysed. At the end of the 1980s and the beginning of the 1990s, mathe-
matics teaching moved away from a set-based concept, prompting the publication of new
textbooks. The 1990s were characterised by a decline in the number of maths lessons and
also by changes in the concept of the taught content (a move away from exact definitions,
reduced emphasis on the use of symbolic notation, etc.). During this period the teaching
methods show a growing tendency towards constructivism and the introduction of digital
technology on a mass scale. After the year 2000, mathematics at lower secondary schools
was profoundly affected by school reforms, especially the introduction of new frameworks,
particularly school educational programmes, and the introduction of standardized state
entrance exams at upper secondary schools. The final reflection on the current situation
draws attention to the growing demands on the work of maths teachers.

Key words: mathematics education, state entrance exam, curriculum, textbooks, ICT,
ISCED 2.

Od druhé poloviny dvacatého stoleti dochazi k ¢astym zménam ve zptisobu zivota
spolecnosti u néas i v zahranici, coz se pfirozené odréazi také v novych pozadavcich
na gkolu a systém kolniho vzdélavani. Skolstvi je vystavovano kritice, Ze dostatecné
pruzné nereaguje na zmeény ve spolec¢nosti, jsou na néj kladeny protichidné eko-
nomické a socialni pozadavky (Kotasek, 1993; Keller & Tvrdy, 2008). Tato kritika
postupné prertista v pozadavek premény skoly v instituci, v niz jsou zaci pfipravo-
vani na zivot v permanentni zméné a jsou vedeni k tomu, aby se s témito zménami
dokézali vyrovnat (CEDEFOP, 2009). Teoretickym vychodiskem koncepce vzdélani
se stava idea celozivotniho vzdélavani, dochazi ke zméné paradigmatu uceni, ve kte-
rém jde predevsim o mensi zaméfenost na obsah a vétsi diraz na operacionalizaci
procedur a vystupy uceni (Skalkova, 2004; Walterova et al., 2004; CEDEFOP, 2009).
Pristup spolec¢nosti ke vzdélavani ovliviiuji v tomto obdobi rizné didaktické modely,
které lze rozclenit do nékolika zakladnich skupin, a to na didaktické koncepce za-
lozené na teoriich vzdélavani, na kurikularnich teoriich, dale na teoriich vyucovani
a uceni, na teoriich komunikace a interakce ¢i pristupy vychazejici z konstruktivismu;
jejich prehled podavaji Janik a Stuchlikova (2010).

Zmény ve spolecnosti maji ve svych disledcich také vliv na formulaci pozadavki,
které jsou kladeny na vzdélavaci proces. Strucné lze Tici, ze z pohledu odborniki se
v oblasti vzdélavani projevuji nasledujici zmény a tendence:

e transformace paradigmatu ucent,

e pozadavek na celozivotni vzdélavani,

e promény kurikula,

e vyuzivani modernich technologii,

e pozadavek rovného pfistupu ke vzdélani,

e decentralizace skolstvi.

Uvedené zmény se postupné projevuji ve vzdélavani zakt na ceskych skolach,
a tedy i ve vjuce matematiky na jednotlivych stupnich skolského systému. Upravy
matematického vzdélavani na prvnim stupni zakladnich skol ovliviiuji vyuku na
druhém stupni, obdobné zmény na druhém stupni nalézaji sviij odraz na stiednich
skolach. Vzhledem k rozsdhlosti transformace ceského skolstvi v uplynulych tticeti

letech se vsak v tomto ¢lanku zaméiime predevsim na vyuku matematiky na druhém
stupni zakladnich skol a v odpovidajicich ro¢nicich viceletych gymnézii.
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Pro hlubsi pochopeni zmén realizovanych ve vyuce matematiky na druhém stupni
zékladnich skol se v nasledujicim textu opirame zejména o kvalitativni analyzu ku-
rikularnich dokumentti, uéebnic matematiky, rozbor zprav MSMT i didaktickych
testll z matematiky. Rovnéz vychézime ze studia odborné literatury, z dlouholetych
zkusenosti s pripravou budoucich ucitelt matematiky a vlastniho pozorovani zmén
ve skolach z pozice ucitele matematiky:.

1 DOKUMENTY OVLIVNUJiCI MATEMATICKE
VZDELAVANI U NAS

Matematické vzdélavani na nasich skolach je ovliviiovdno nejen uznavanymi teori-
emi vzdélavani, vyucovani a uceni, ale také statnimi i pedagogickymi dokumenty
a materialy. Jedna se jak o skolské zakony, vzdélavaci programy, resp. uc¢ebni plany
a osnovy, tak i o ucebnice, které ucitelé vyuzivaji pii pfipravé na hodinu ¢i beé-
hem vyucovani. Uvedenym typtim dokumentt se budeme podrobnéji vénovat dale
v ramci jednotlivych obdobi.

Na vyucovani matematiky u nas ma rovnéz vliv mezinarodni vzdélavaci politika,
ktera je v poslednich t¥iceti letech koncipovana v ramci Evropské unie ¢i OECD ( Or-
ganisation for Economic Co-Operation and Development). Evropska komise, ktera
jako vykonny organ vydava legislativni opatfeni a fidi politiku Evropské unie, se
rovnéz zabyva otazkami vzdélavani a zamétfuje se na celozivotni uceni a mobilitu,
kvalitu a efektivitu vzdélavani, rovnost prilezitosti a inovace (EC, 1995).

7 analyzy skolskych zakont a zavaznych dokumentii 1ze identifikovat nasledujici
casova obdobi, ve kterych dochazelo k podstatnym zménam v koncepci, obsahu
¢i metodach Skolské matematiky (nejen) na druhém stupni vzdélavani: devadesata
léta 20. stoleti, prvni dekada 21. stoleti, druha dekada 21. stoleti. Pro pochopeni
pric¢in téchto jevil ve vzdélavani matematice v poslednich tficeti letech uvadime
také prehled hlavnich zmén pred rokem 1989, zejména pak v osmdesatych letech
20. stoleti.

2 CHARAKTERISTICKE RYSY VZDELAVANTI
MATEMATICE PRED ROKEM 1989

V prvni poloviné 20. stoleti prevladal u nas i ve svété ve vyuce matematiky tzv. his-
toricky pristup, ve kterém obsah Skolské matematiky vychazel z historického vyvoje
matematiky a reflektoval vyvoj této védy predevsim do 17. stoleti. Vyrazny roz-
mach matematiky ve 20. stoleti vSak pfinesl rozvoj teorie mnozin, algebry, topologie
a dalsich obort, nejnovéjsi poznatky publikovali ve svych dilech zejména bourba-
kisté!. Postupné se mezi matematiky, véetné bourbakisti, i mezi u¢iteli matematiky
a psychology objevovaly nazory, ze je tfeba pozmeénit tradicni vyuku matematiky ve
skolach, a to smérem k zavedeni matematickych struktur a teorie mnozin do uciva.

U nas se potieba modernizace skolské matematiky projevovala od Sedesatych let,
v Cele snah o zlepSeni vyuky v duchu modernizace stala Jednota ceskych matema-

!Bourbakisté — skupina (pfedev§im) francouzskych matematiki, ktefi od roku 1935 publikuji
pod pseudonymem Nicola Bourbaki. Jejich publikace ve sledovaném obdobi vychéazely ze struktu-
ralni koncepce matematiky, diiraz byl kladen zejména na logiku a teorii mnozin.
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tik@ a fyzikét (JOMF)2. Po roce 1970 byly nejprve zavadény zmény ve vyuce na
gymnéaziich, pozdéji na zdkladnich skolach a po roce 1980 od 1. ro¢niku zakladni
skoly az k maturitnim ro¢nikim (Mikul¢ak, 2010). Duraz byl kladen na mnozinové
pojeti matematiky a na jeji axiomatizaci, s pojmem mnozina se zaci seznamovali jiz
na urovni prvniho stupné zakladni skoly. Pro konec osmdesatych let je u nas cha-
rakteristicky odklon od moderniza¢nich tendenci, a tedy i od mnozinového pojeti
skolské matematiky.

Nadale prevladalo dtisledné centralizované tizeni skolstvi, které bylo nastoleno
od poloviny 20. stoleti, kdy se nase zemé dostala do oblasti sovétského vlivu; ofici-
alni ideologii ovliviiujici i oblast Skolstvi byl marxismus-leninismus (EC, 2008/09).
Vzdélavani na zékladnich skolach v osmdesatych letech ovlivnil pfedevsim reformni
projekt Dalsi rozvoj ceskoslovenské vychovné vzdéldvaci soustavy prijaty v roce 1976.
Na jeho zakladé byla v roce 1978 skolskym zdkonem 63/1978 Sbh. prodlouzena po-
vinna skolni dochézka z dosavadnich 9 na 10 let, pricemz zakladni skola méla nové jen
osm ro¢nikt® a zaci dalsi dva roky museli studovat na nékterém typu stiedni skoly.
Podle tohoto projektu byla skolské soustava diisledné budovana jako jednotny celek
od predskolni vychovy az po zafizeni pro vychovu a vzdélavani dospélych, k di-
lezitym cilim projektu patiilo postupné zavadéni stiedniho vzdélavani a tplného
stfedniho vzdélavani.

Na projekt Dalsiho rozvoje ceskoslovenské viychovné vzdelavaci soustavy reago-
val v roce 1984 skolsky zakon 29/1984 Sb. o soustavé zakladnich a stfednich Skol.
Tento zakon zrusil devitiletou zékladni skolu, ve vzdélavaci soustavé zistaly jen
osmileté zakladni skoly. Posledni predrevolu¢ni osnovy matematiky pro druhy stu-
peti zékladnich $kol byly schvaleny v roce 1986 (MS, 1987), celkova ¢asova dotace
matematiky od 5. do 8. ro¢niku byla 20 hodin a bylo zde zdtraznéno klicové po-
staveni pfedmétu mezi ostatnimi. Uvedené osnovy ve svych vychovné-vzdélavacich
cilech odrazely tehdejsi spolecensko-politické ziizeni, mély faktograficky charakter,
ucivo i pozadované dovednosti byly rozclenény podle ro¢nikt a témat. Projevil se
zde doznivajici vliv moderniza¢niho hnuti.* V doporuéenych metodich prace byly
uvedeny vyucovaci postupy, které prispivaji k aktivnimu osvojeni poznatkt, uzivani
problémového uceni a skupinové prace.

Osnovy matematiky platné v osmdesatych letech jiz zahrnovaly uzivani kalkula-
ek, nebot od skolniho rou 1982/1983 byly povoleny ve vyuce matematiky od 7. ro¢-
niku zdkladni skoly; od Skolniho roku 1988/1989 dokonce jiz od 5. ro¢niku. Podle
osnov méli zaci vyuzivat kalkulatory pfi vypoctech s desetinnymi ¢isly, s procenty ¢i
pri urc¢ovani druhych mocnin a odmocnin. Jednalo se tedy o vyuzivani této pomiicky
jako prostfedku pro ulehceni numerickych vypocti. Celostatni u¢ebnice matematiky
pro tyto ro¢niky vydané Statnim pedagogickym nakladatelstvim od roku 1988 ob-
sahovaly kapitoly, ve kterych se zaci seznamovali se zaklady prace s jednoduchym
typem kalkulatort (Robova, 2012).

2Spole¢nost Jednota Geskych matematikii a fyzikfi byla zaloZzena v roce 1862. K jejim hlavnim
cilim patfi zlepsovat vyuku matematiky a fyziky na Skolach, pfipravovat ucebnice matematiky a fy-
ziky, motivovat zaky a studenty ke studiu p¥irodovédnych a technickjch oborti. JCMF sdruZuje
védce, inzenyry, ucitele i studenty a zdky. Je také odbornym garantem Matematické (1951) a Fy-
zikdlni olympiddy (1959) od zacatku existence téchto soutézi, rovnéz dlouhodobé vydava casopisy
zaméiené na matematiku, fyziku a jejich vyuku (JCMF, 2012).

3Vedle osmileté zakladni skoly byla ve §kolské soustavé ponechana zékladni devitilet4 $kola.

4Ve vzdélavacich cilech predmétu Matematika na druhém stupni ZS bylo uvedeno, ze zéci
. --sezndmi se s prvky logiky, s pojmy matematicka véta, definice a s provadénim jednoduchych
diikazti; seznami se se zdkladnimi mnoZinovymi pojmy...“ (MS, 1987: s. 10).
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3 DEVADESATA LETA 20. STOLETI

Rok 1989 prinesl zasadni politické i spolecenské zmeény, které u nas vyznamné ovliv-
nily vzdélavani v dalsich letech. Zatimco v pfedchozich desetiletich byl systém fizeni
a spravy oblasti Skolstvi vyrazné centralizovany a na vsech trovnich skolského sys-
tému byl uplatnovan jednotny piistup z hlediska vychovné-vzdélavacich cild, uceb-
nich plant a osnov i ucebnic, po roce 1990 doslo k jeho vyraznému uvolnéni. Této
situaci napomohla decentralizace skolské spravy, ke které doslo na zakladé zakona
¢. 564,/1990 Sb. Tento zakon podiidil gkoly piimo MSMT, které ziidilo §kolské tifady
na okresni trovni. Dalsi reforma vefejné spravy v roce 2000 postupné prevedla skol-
skou spravu zpét na tzemni organy; MSMT si ponechalo koncepéni kompetence
(EC, 2008/09).

Zména skolskych zakonti souvisejicich se vzdélavanim ve skolach vsak trvala 15 let
(MSMT, 2009). Skolsky zédkon ¢&. 29/1984 Sb. uvedeny v predchozim textu byl do-
plnén novelami a platil az do roku 2004.

Disledkem uvadénych zmén byla postupna humanizace vzdélavani, které sméro-
valo od popisného a faktografického pojeti k aktivnimu a tvorivému uceni zaku.
Podle Travnicka (1998) podstata humanizace matematického vzdélavani spociva
v tom, ze cile, obsah i pribéh vzdélavani se maji stat zaktim blizsi a potieb-
n&jil.

Proces humanizace byl ¢astecné spojen s pozadavkem na snizeni po¢tu hodin ma-
tematiky na zakladnich a stfednich skolach. Jednim z uvadénych dtvodi pro pokles
hodin matematiky bylo, ze v ptredlistopadovém obdobi , matematicko-ptirodovédna
a polytechnické slozka vseobecného vzdélani expandovala na tkor slozky spolecen-
skovédni, jazykové a esteticko-vychovné. Toto posilovani bylo — at jiz pravem d&i
nepravem — povazovano za soucast dehumanizujici a indoktrinacni vzdélavaci poli-
tiky. Po politickém pfevratu pfi opravnéné snaze o vyrovnani disproporci se vaha
prirodovédné slozky oslabila, zejména v dtisledku zvysSeného dirazu na predméty hu-
manitniho zaméfeni a zaostévajici vyuku cizich jazykt.“ (Brockmeyerova-Fenclova
& Kotasek, 1999: s. 59) Matematika a pfirodovédné predméty doplécely na precerio-
vani vyznamu techniky, nebot byly zdarazinovany nikoli jejich stranky humanitni, ale
jejich aplikace, poctarské techniky a spojeni se Zivotem, tj. se zivotem socialistické
spolecnosti (Calda, 1992).

K 31. prosinci 1992 zanikla Ceska a Slovenska Federativni republika, nastupnic-
kymi staty se staly Ceska republika a Slovenska republika; tato udalost vice ovlivnila
fizeni skolstvi nez charakter vzdélavani matematice. V roce 1995 vstoupila Ceska
republika do OECD a néasledné se mimo jiné zapojila do aktivit této organizace
v oblasti mezindrodniho testovani TIMSS® (Trends in International Mathematics
and Science Study).

5V ramci TIMSS je zjistovana turovenn znalosti a dovednosti zak@ 4. a 8. roéniku zaklad-
nich skol v matematice a v pfirodovédnych predmétech. Testovani se kona pravidelné od roku
1995 ve ctyfletych cyklech. Podrobnéjsi informace o ucasti a vysledcich ceskych zaka v tes-
tovani TIMSS s ohledem na rozsah pfispévku neuvadime. Jsou k dispozici v dokumentech
zpracovanych Mezindrodni asociaci pro hodnoceni vysledkd vzdélavani (The International As-
sociation for the FEwvaluation of FEducational Achievement), kterd organizuje Setfeni TIMSS
na mezinarodni arovni (https://timssandpirls.bc.edu/), a v dokumentech Ceské gkolni inspekce
(https: //www.csicr.cz/Prave-menu/Mezinarodni-setreni/ TIMSS).
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3.1 SKOLSKE ZAKONY A DOKUMENTY, UCEBNi OSNOVY
A UCEBNICE

Novela skolského zakona v roce 1990 (¢. 171/1990 Sb.) zavedla soukromé a cirkevni
skoly, zkratila povinnou skolni dochazku na devét let a zfidila nepovinny 9. roc-
nik. Zaroven vznikla viceletd gymnazia, ktera méla mit nejméné ¢tyti a nejvice osm
ro¢niki. Tato novela dale umoznila postupnou liberalizaci obsahu a organizace vzdeé-
lavani, byly uvolnény ucebni plany, nebot Skoly mély moznost upravit ucebni plan
v rozsahu 10 % z hodinové dotace a uc¢ebni osnovy jednotlivych pfedmétt v rozsahu
30 % hodinové dotace, rovnéz byla déna jista volnost v pouzivani uéebnic a dalsich
pomiicek (MSMT, 2009).

V roce 1995 byla ptijata dalsi novela (¢. 138/1995 Sb.), kterd, kromé jiného,
zavedla od sSkolniho roku 1996/1997 povinny 9. ro¢nik na zdkladni $kole; novela
rovnéz zruSila pétiletd a sedmiletd gymnazia.

Od skolniho roku 1991/1992 zacaly platit upravené ucebni osnovy matematiky
pro druhy stupeti zékladnich kol (MSMT, 1991), které kromé odstranéni ideologic-
kych formulaci a pozadavkt na vzdélavani snizily zavaznost uc¢ebniho planu a osnov.
Pocet hodin matematiky vcetné dalsich pfedmétii byl stanoven v rozsahu od mini-
malni po maximalni mozny poc¢et hodin tydné (tab. 1); v kazdém ro¢niku méla byt
alespon jedna hodina tydné piilena.

Tab. 1: Pocet hodin matematiky Roc¢nik
na 2. stupni zakladni skoly od 5. 6. 7. 8. Celkem
roku 1991 (MSMT, 1991) Matematika 45 45 45 45 1620

Ucebni osnovy obsahovaly pro kazdy ro¢nik pfehled tematickych celki s orien-
ta¢nim poc¢tem hodin® pro kazdy celek; po piehledu néasledovaly jednotlivé tematické
celky s vyctem pojmi bez uvedeni pozadovanych dovednosti zakid. Ucivo rysovani
zahrnuté predchozimi osnovami (MS, 1987) do hodin matematiky bylo pfesunuto’
do volitelného predmétu Rysovdni a zdklady technického kresleni, ktery byl vyuco-
van v 7. nebo 8. ro¢niku. V zavéru osnovy obsahovaly metodicka doporuceni, ve
kterych byly zarazeny i cile vzdélavani matematice. K nim patfila nejen priprava
zakl ke studiu na stfednich skolach a vyuzivani poznatkii matematiky v bézném
zivoté, ale také rozvijeni jejich logického mysleni a racionalniho pristupu k feSeni
problémt (MSMT, 1991).

Po opétovném zavedeni povinné devitileté skolni dochazky v roce 1990 bylo po-
tfeba vypracovat osnovy matematiky pro tehdy jesté nepovinny 9. roénik ZS. Ty
byly vydany v roce 1993 (MSMT, 1993) pro pfechodné obdobi, nebot povinnym
se tento rocnik stal az od roku 1995. Do 9. ro¢niku byly vedle opakovani uciva
z predchoziho obdobi zafazeny operace s lomenymi algebraickymi vyrazy, funkce®,
rovnice, nerovnice, trigonometrie pravotuhlého trojihelniku, povrchy a objemy téles
a zaklady statistiky a finan¢ni matematiky. Zaci si mohli v tomto ro¢niku vybrat
navic volitelny predmét Technické kresleni. Metodicka doporuceni uvadéla obecné

6Casové dotace u jednotlivych tematickych celki nebyly na rozdil od ptedchozich osnov (MS,
1987) zévazné, zdvazné nebylo ani Fazeni tematickych celkt v rameci ro¢niku; vyuéujici sém urcoval
postup vykladu témat véetné metodického pifstupu (MSMT, 1991).

"Pouze v 5. roéniku byl ponechan celek Zdkladni pravidla rijsovdni a v metodickjch doporuce-
nich bylo uvedeno, ze ,,vyucujici pak ve vyuce geometrie dba na troven rysovani ve vSech ro¢nicich.“
(MSMT, 1991: s. 13).

8Kromé linearni funkce se Z4ci seznamovali s kvadratickou funkeci véetné grafu a jeho uziti pfi
feSeni kvadratickych rovnic a nerovnic.
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cile uciva v 9. ro¢niku, ke kterym pattily matematické védomosti a dovednosti, ac-
koliv pozadované zakovské dovednosti nebyly v téchto osnovach explicitné uvedeny.
Oproti predchozim ucebnim osnovam zde byla také zminéna doporuceni tykajici se
diferenciace zaku. Kvili nedostatku uc¢ebnic matematiky vhodnych pro nové zave-
deny posledni ro¢nik byl soucasti osnov i seznam doporucené literatury pro zaky
i pro ucitele.

Vzhledem k rozvolnéni vzdélavacich pozadavkd po roce 1989 a k pripravova-
nym novym vzdélavacim programtim vznikla potieba sestavit standardy vzdélavani.
Standard zdkladniho vzdéldvdini schvaleny v roce 1995 (MSMT, 1999c) piedstavil
spolecensky Zzadouci podobu povinného zakladniho vzdélavani a obsahoval vzdeé-
lavaci cile i kmenové ucivo®. Vzdélavaci cile zahrnovaly poznavaci cile, dovednosti
a kompetence'®, hodnoty a postoje; kmenové ucivo bylo zavaznou souéasti vzdélava-
cich programti. Oproti pfedchozim uc¢ebnim osnovam se tento dokument vyznacoval
nové ramcovym vymezenim uciva po vzdélavacich oblastech a oborech. V oblasti
Matematika byly vymezeny c¢tyii okruhy: Aritmetika, Geometrie, Algebra a UZiti
matematiky a zaklady statistiky, které obsahovaly velmi struc¢ny vycet zakladnich
témat. Ackoliv se jednalo o standard vzdélavani pro dany stupen Skolské soustavy,
lze pozorovat koncepcni shodu s nésledné vytvorenymi vzdélavacimi programy, ne-
bot ty ze standardu vychéazely.

V pribéhu devadesatych let byly schvaleny tii rtizné vzdélavaci programy pro
zékladni vzdélavani, a to Zdkladni skola s platnosti od 1. 9. 1996 (MSMT, 1996),
Obecnd skola'' (MSMT, 1997a) a Ndrodni skola (MSMT, 1997b), oba s platnosti
od 1. 9. 1997. Program Zakladni skola navazoval na dosavadni koncepci vzdélavani,
druhé dva programy piinasely urcité zmény;'? poc¢et hodin matematiky na druhém
stupni byl v8ak v programu Zdkladni skola (tab. 2) a Obecnd skola stejny. Program
Ndrodni skola pozadoval minimélné 15 hodin matematiky na druhém stupni, skoly
si vSak v ramci nadstavbové ¢asti mohly zvolit i dalsi hodiny. Vzhledem k tomu,
Ze se v&tsina zakladnich gkol'® u nés ¥idila programem Zdkladni skola, zaméiime se
v dalsim textu na ucebni plany a ucivo tohoto programu.

Oproti piedchozim osnovam (MSMT, 1991) se program Zdkladni $kola odliso-
val dlirazem na ¢innostni pojeti vyucovani a na rozvijeni osobnosti zadka. Vymezeni
uciva meélo spiSe ramcovy charakter a nebyly zde uvedeny doporucené hodinové do-
tace pro jednotlivé tematické celky. Matematika spolecné s vyukou ceského jazyka
tvorila hlavni osu zakladoskolského vzdélavani. Ucebni plan uvadél pro vyuku mate-
matiky na druhém stupni ¢asovou dotaci 4 hodiny tydné (tab. 2). Uéebni osnovy ma-

9Kmenové udivo bylo v dokumentu charakterizovano jako ,obsahové jadro zékladniho vzdéla-
vani, jeho podstatné prvky, které jsou predmétem vzdélavani vSech zakt absolvujicich povinnou
gkolni dochazku.“ (MSMT, 1999c: s. 6).

10Jedn4 se o prvni vyskyt pojmu kompetence v porevoluénim obdobi v nadmi analyzovanych do-
kumentech. Z textu Standardu pro zdkladni vzdélavdni vyplyva, ze slova kompetence a schopnost
jsou zde chapana jako synonyma, napi. ,,V zdkladnim vzdélavani jde o takové elementarni kom-
petence, jako je schopnost jasného, srozumitelného a spravného vyjadfovani, schopnost pracovat
s matematickymi pojmy, ... (MSMT, 1999c: s. 8).

1 P{vodné se tento vzdélavaci program nazyval pro 1. stupeii zakladni skoly Obecnd skola a pro
2. stupen Obcanska $kola; oba byly jako modelové programy schvaleny s t¢innosti od 1. 9. 1996.

12Program Obcanskd skola si kladl na druhém stupni za cil vichovu obéana a byla zde vyvaZena
skladba pfedméttt véetné spolecenskovédnich, mezi povinnymi predméty byla i Rodinnd vychova
(Pitha & Helus, 1996). Program Ndrodni skola kladl diraz na autonomii $kol z hlediska diferen-
ciace ucebnich plani a mistnich podminek, vychova a vzdélavani mély mimo jiné vice sméfovat
k praktickému zivotu (MSMT, 1997b).

BProgram Zdkladni $kola na 8kolach vyrazné pievazoval, programy Obecnd skola a Ndrodni
Skola se v 8irsim méritku neujaly (UN, 2003).
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Tab. 2: Pocet hodin matematiky na Roc¢nik

2. stupni zakladni skoly od roku 1996 dle 6. 7. 8 9. Celkem
vzdélavaciho programu Zdkladni skola Matematika 4 4 4 4 16

(MSMT, 1996)

tematiky byly koncipovany po rocnicich. V kazdém tématu obsahovaly vycet uciva
nasledovany ¢innostné formulovanym prehledem toho, co by mél zak umét. Nakonec
byly zminény priklady rozsifujiciho uciva. V poslednim roc¢niku bylo zarazeno také
téma Zdklady financni matematiky a alternativni téma Zdklady rijsovdni*?.

V devadesatych letech byl zrusen statni monopol na vydévani ucebnic. Vznikaly
nové ucebnice pro zakladni skoly, ale byly opakované vydavany i starsi z obdobi pred
rokem 1989. Vzhledem k rozsahlosti trhu s ucebnicemi vyvstala potfeba posuzovat
jejich kvalitu. Ackoliv i uc¢ebnice vydavané pred rokem 1989 obsahovaly schvalovaci
dolozku Ministerstva skolstvi, v porevolu¢nim obdobi se tato dolozka stala zarukou
jejich urcité kvality. Tim si stat ponechal urcity vliv na proces tvorby, publikovani
a prijimani ucebnic, a to zejména prostfednictvim zévaznych kurikularnich doku-
mentt a schvalovacich mechanismi (Sikorova, 2007).

V novych ucebnicich byl dobfe pozorovatelny odklon od exaktnich definic mate-
matickych pojmi vcetné snizeni dlirazu na symbolické zapisy matematickych vztaht.
Jednalo se napiiklad o sady ucebnic vydavané Statnim pedagogickym nakladatel-
stvim, nakladatelstvim Prometheus ¢i Prodos. Ilustrujme uvedené zmény na pojmu
neprimd umeérnost ze dvou ucebnic matematiky pro 7. ro¢nik vydanych s odstupem
17 let. Ucebnice z osmdesatych let zavadi pojem takto:

Neptima tmeérnost je mnozina vsech takovych usporadanych dvojic [z; y],
ey = g, x # 0, kde k je pro vSechna x stéle stejné kladné cislo, které
nazyvame koeficient nepfimé timérnosti. (Miillerova et al., 1982: s. 160)

Ucebnice z konce devadesatych let obsahuje nasledujici text:

Neprimé tmeérnost je zavislost, kde se jedna veli¢ina zvétsuje a druha
umérné zmensuje (nebo naopak). Tato zavislost se vyjadii vztahem y =
E. (Molnar et al., 1999: s. 94)

Ve vzdélavani na gymnaziich devadesata léta znamenala také fadu zmén. Pocet
ro¢nikil viceletych gymnézii se ustalil na gest ¢ osm (MSMT, 1995). V roce 1994
byl vydan generalizovany ucebni plan gymnazia s osmiletym cyklem, ¢asova dotace
matematiky je uvedena v tab. 3 (Hruby, 2007; MSMT, 1995).

Tab. 3: Pocet hodin matematiky Roc¢nik
v nizsich roc¢nicich osmiletého gymnézia 1. 2. 3. 4. Celkem
od roku 1994 (MSMT, 1995) Matematika 5 5 4 3 17

Zmény v gymnazialnim vzdélavani prirozené vyustily v potfebu novych ucebnic.
Od roku 1994 byly vydavany nové ucebnice matematiky pro nizsi ro¢niky osmi-
letych gymnazii. Tyto ucebnice vznikaly v nakladatelstvi Prometheus na zakladé
spoluprace s Jednotou ¢eskych matematikl a fyzikt. Jedna se o sadu ucebnic, ktera
obsahuje 4 az 5 tematicky zaméfenych dili pro kazdy ro¢nik. Oproti ucebnicim pro
zékladni skolu jdou v ucivu vice do hloubky a obsahuji vice témat. Tato sada je
dodnes jedinou fadou vyhradné urcenou pro nizsi gymnazialni vzdélavani; ucitelé
vsak mohou vyuzivat také ucebnice pro druhy stupen zakladni skoly.

14 Zdklady rysovdni mohl vyudujici zafadit podle svého uvazeni a skladby z4kt namisto nékterého
algebraicky zaméieného celku, napt. tématu Lomeny viraz (MSMT, 1999c).
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3.2 DALSI ASPEKTY VYUKY MATEMATIKY

V priibéhu devadesatych let 1ze u nas pozorovat postupné smérovani ke konstrukti-
vistickému pojeti vzdélavani matematice. Pro takové pojeti je charakteristicky dii-
raz na aktivni podil zdka pri ziskdvani matematickych védomosti i dovednosti véetné
uvédomeéndi si zasadni role jeho motivace. Tyto tendence 1ze z pohledu nizsiho sekun-
darniho vzdélavani vysledovat také v koncepci a obsahu kurikularnich dokumentt
koncem devadesatych let. Ve vzdélavacim programu Zdkladni skola (MSMT, 1996)
je uvedeno, ze ,Vyucovani matematice sméfuje k tomu, aby se zaci naucili: provadét
pocetni vykony. .., Tesit tlohy z praxe..., provadét odhady..., dokazovat jedno-
duché tvrzeni a vyvozovat logické zévéry z danych piedpoklad@® (MSMT, 1996:
s. 67). Jednotlivé tematické celky jsou rovnéz formulovany s dirazem na ¢innosti
zéka; napf. v tématu o ctyftuhelnicich je uvedeno, ze zak by mél umét ,rozliSovat
jednotlivé druhy rovnobéznikti a znat jejich vlastnosti; rozliSovat jednotlivé druhy
lichobé&znikdl a znat jejich vlastnosti, ...“ (MSMT, 1996: s. 89). Objevily se také
prvni odborné ¢eské prispévky k tématu konstruktivismus, napi. (Cachova, 1998;
Hejny & Kufina, 1998; Daiihelkova & Jirotkova, 1999).

3.3 TECHNOLOGIE VE VYUCE MATEMATIKY

Kalkulacky nadale nachazely uplatnéni ve vyuce matematiky ve skolach, a to prede-
s desetinnymi ¢isly, s mocninami i odmocninami apod. Vyuzivani kalkulacek zavi-
selo na tivaze vyucujicich; osnovy pro druhy stupen zakladni skoly pozadovaly, aby
se zak s kalkulackou seznamil, ale mira jejiho vyuzivani zalezela na situaci v dané
t¥ide (MSMT, 1991). Pozd&ji vydané osnovy pro viceletd gymnazia uvadéji zaia-
zeni kalkulacek v konkrétnich okruzich napi. desetinna ¢isla, mocnina a odmocnina
(MSMT, 1999b).

Ackoliv prvni osobni pocitace zacaly byt vyuzivany ve vyuce jiz v devadesa-
tych letech, jejich rozsahlejsimu rozsiteni branil jak jejich nedostatek, tak i chybéjici
vhodny vyukovy software véetné nizké pripravenosti samotnych uciteld. Dulezitym
krokem ke zlepSeni situace bylo proto schvaleni dokumentu Stdtni informacni po-
litika — cesta k informacni spolecnosti v roce 1999 a jeho rozpracovani v ramci
Koncepce stdtni informacni politiky ve vzdélavani (SIPVZ) v roce 2000.

Vzhledem k vyse uvedenym pfi¢inam se ve skoladch v zahrani¢i vice nez pocitace
pouzivaly levnéjsi kalkulatory s grafickym displejem, tzv. grafické kalkulacky. Vétsi
displej umoznoval zapisovat nejen matematické vyrazy, ale také napiiklad zobra-
zovat grafy funkei ¢i statistické diagramy (Robova, 1999a, 1999b, 2004). Hlavnim
prinosem této pomiticky byla moznost vizualizace matematickych objekti. U nas
vsak tyto kalkulatory nedosdhly vétsiho rozsiteni, vyjimecné byly vyuzivany na né-
kterych stfednich primyslovych skolach. Jednim z divodid bylo chybéjici vyjadieni
postoje MSMT k pouzivani grafickych kalkulacek ve vyuce matematiky.

4 PRVNI DEKADA 21. STOLETI

Zésadni zménou ovliviiujici také vzdélavani u nas byl vstup Ceské republiky do
Evropské unie v roce 2004. Nékteré principy a strategie v souladu s evropskymi
doporucenimi pronikaly do ceského vzdélavani jiz ve druhé poloviné devadesatych
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let 20. stoleti. Z analyz tehdejsiho stavu éeského skolstvil® v porovnani s vyvojo-
vymi tendencemi vzdélavani v ramci Evropské unie vyplynula mimo jiné potieba
pripravy a realizace kurikularni reformy a zavedeni narodniho evalua¢niho systému
napiiklad v podobé maturitni zkousky, jejiz pozadavky budou z casti definované
statem (Cerych et al., 1999).

Za prvni dokument kurikularni reformy je povazovan Ndrodni program rozvoje
vzdéldvdni v Ceské republice (MSMT, 2001), znamy jako Bild kniha. Jeho vicho-
diskem byl dokument Koncepce vzdéldvdini a rozvoje vzdéldvaci soustavy v Ceské
republice (MSMT, 1999a) zveiejnény v kvétnu 1999 a urdeny k veiejné diskuzi. Ja-
drem reformy bylo vytvoreni dvoutroviiového participativniho modelu kurikula po
vzoru zemi Evropské unie. Na prvni tirovni je postaveno tzv. narodni kurikulum,
které predstavuji zavazné ramcové vzdélavaci programy (RVP). Ty definuji obecné
cile vzdélavani, klicové kompetence a povinné vystupy obsahovych oblasti za jed-
notlivd obdobi. Na zakladé RVP pak skoly samostatné vytvari své skolni vzdélavaci
programy (SVP), které predstavuji druhou troven kurikula. Skoly v SVP upies-
nuji hodinové dotace vzdélavacich oblasti, vystupy a obsah uciva v jednotlivych
ro¢nicich. Smyslem reformy bylo zvysit autonomii skol a pfevést vice pravomoci
na feditele. Jednou ze zasadnich zmén byl zietel k individudlnim vlastnostem zaka
(Maiiak, Janik & Svec, 2008). Tuto zcela novou koncepci vzdélavani upravil skolsky
zakon ¢. 561/2004 Shb.

4.1 KURIKULARNI DOKUMENTY A UCEBNICE

Na pocatku dekady se na zékladnich skoldch vyucovalo podle osnov z roku 1996
(MSMT, 1996). Prvni verze'® (MSMT, 2005) Rdmcového vzdéldvaciho programu pro
zdkladni vzdéldvani (RVP ZV) vstoupila v platnost v roce 2005. Zakladni skoly zacaly
vyucovat dle svich SVP v 1. a 6. ro¢nicich nejpozdéji od 1. 9. 2007. Nékteré dosa-
vadni predméty byly slouceny do spoleénych vzdélavacich oblasti (naptiklad v RVP
ZV vzdélavaci oblast Clovek a priroda slucuje fyziku, chemii, p¥irodopis a zemépis).
Matematice zistala ponechana samostatna oblast Matematika a jeji aplikace.

Porovnéame-li posledni platné osnovy s RVP ZV, vidime, Ze celkova casova do-
tace 16 hodin matematiky na druhém stupni se zpocatku nezménila. RVP ZV jiz
ale nestanovuje poc¢ty hodin v jednotlivych rocnicich, pouze specifikuje, ze vyuka
matematiky mé probihat v kazdém ro¢niku (MSMT, 2005: s. 106). Opatrenim mi-
nistryné skolstvi, mlddeze a télovychovy ze dne 26. 6. 2007 byl celkovy pocet hodin
vyuky matematiky snizen na 15 (MSMT, 2007).

Vzdélavaci obsah oblasti Matematika o jeji aplikace je v RVP ZV pro druhy
stupenl roz¢lenén na Gtyfi tematické okruhy: Cislo a proménnd; Zdvislosti, vztahy
a prace s daty; Geometrie v roviné a v prostoru a Nestandardni aplikacni ulohy
a problémy (MSMT, 2005: s. 32-33). V rdmci kazdého okruhu jsou uvedeny zévazné
ocCekavané vystupy popisujici, co by mél zak umét, a ucivo, které je v RVP ZV chéa-
pano pouze jako doporuceny prostredek k dosazeni predepsanych vystupi a stava

SMSMT. (1996). Skolstvi v pohybu. Vijrocni zprdva o stavu a rozvoji vijchovné vzdéldvaci sou-
stavy v letech 1995-1996. Praha: UIV; MSMT. (1998). Skolstvi na kiiZovatce. Vijrocni zprdva
MSMT o stavu a rozvoji vijchovné vzdéldvaci soustavy v letech 1997-1998. Praha: UIV; MSMT.
(2000). Na prahu zmén. Vyrocni zprdva MSMT o stavu a rozvoji vijchovné vzdéldvaci soustavy za
rok 1999. Praha: UIV.

6RVP ZV je priibéiné aktualizovan (viz http://www.nuv.cz/t/prehled-uprav-rvp-zv-1, cit.
23. 4. 2019). Zakladni koncepce posledni verze (MSMT, 2017) se od piivodniho dokumentu ne-
lisi. Na podstatné zmény tykajici se vyuky matematiky dale upozoriiujeme.
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se zavaznym az na arovni SVP. Podstatnym rozdilem oproti poslednim osnovam je
absence rozdeéleni uciva do jednotlivych ro¢nik, absence doporuceného rozsitujiciho
uciva a méné konkrétni popis obsahu i vystupt vzdélavani matematice. Podivame-li
se napiiklad na téma trojuhelnik, z osnov (MSMT, 1996: s. 22) se dozvime, Ze se
jedna o ucivo 6. ro¢niku. Zak mé byt seznidmen se specidlnimi typy trojthelnik,
dale s jeho vnéjsimi a vnitfnimi thly, vyskami, téZnicemi, trojihelnikovou nerov-
nosti, konstrukci podle véty sss atd. V ¢innostné formulovanych vystupech je potom
shrnuto, ze zak by mél umeét tfidit a popsat trojihelniky, sestrojit vysky a téznice
trojihelniku, sestrojit kruznici opsanou a vepsanou trojuhelniku a dopocitat velikost
vnitiniho thlu trojihelniku, jsou-li dany velikosti jeho dalsich dvou vnitinich thla.
trojuhelniku, véty o shodnostech a podobnostech trojuhelniku a dalsi konstrukéni
tilohy jsou specifikovany v dal$ich ro¢nicich. Oproti tomu v RVP ZV (MSMT, 2005)
se slovo trojuhelnik objevuje pouze Sestkrat, z toho v povinnych vystupech dvakrat,
a sice na konci 5. ro¢niku zék ,narysuje a znazorni zékladni rovinné utvary (Gtve-
rec, obdélnik, trojthelnik a kruznici); uziva jednoduché konstrukce“ (MSMT, 2005:
s. 31) a ve vystupech v 9. ro¢niku v souvislosti s vétami o shodnosti a podobnosti
trojihelniki. Jedinou konkrétnéjsi informaci v (nezdvazném) ucivu je ,trojihelni-
kova nerovnost* (MSMT, 2005: s. 33). RVP ZV tedy nedava uciteli odpovéd na to,
zda ma absolvent zékladni skoly védét néco o téznicich, vyskach, opsané a vepsané
kruznici a dal$ich, s trojiuhelnikem souvisejicich pojmech.

Posledni piedreformni osnovy pro viceletd gymnézia (MSMT, 1999b) vstoupily
v platnost 1. 9. 1999. Novinkou bylo, ze tematické celky nebyly doplnény doporuce-
nou hodinovou dotaci ani nebyly roziazeny do jednotlivych ro¢nikt. Obsah uciva byl
v osnovach rozdélen na povinné a doporucené rozsitujici ucivo. Déle byla pro kazdy
predmét stanovena minimélni povinna hodinova dotace v kazdém roc¢niku, pficemz
feditel skoly mohl tuto hodinovou dotaci navysit z disponibilnich hodin. Hodinova
dotace zustala stejnd jako v letech 1994-1999 (tab. 3). Nezdvazny navrh vhodné
posloupnosti matematickych témat vcetné orientac¢nich casovych limitd s ohledem
na vyuziti disponibilnich hodin podali Houska a Hruby (1999).

Na niz$im stupni osmiletého gymnazia osnovy sice zohlednovaly Standard zd-
kladniho vzdéldvdni (MSMT, 1999¢) schvaleny roku 1995, ale také byl bran zietel na
to, Ze ucitelé pracovali s vybranymi zaky a mohli tedy postupovat ve vyuce rychleji
a jit vice do hloubky. Tomu piispivala i hodinova dotace matematiky (srovnej tab. 2
a 3). V osnovach pro viceletd gymndazia nalezneme na rozdil od osnov pro zékladni
Skoly (MSMT, 1996) mezi povinnym ucivem napiiklad deltoid a jeho obsah, délku
oblouku kruznice, obsah kruhové tisece a vysece nebo graf funkce y = |z| (MSMT,
1999b: s. 106-107).

Od 1. 9. 2007 se vyuka v prvnich roc¢nicich osmiletych gymnézii, stejné jako
v 6. ro¢nicich zékladnich skol, ¥idi RVP ZV (Sestiletd gymnéazia se ¥idi RVP ZV od
1.9.2009). Zaroven vSak gymndzia zistavaji vybérovymi skolami a je obvyklé, stejné
na zakladnich skolach. Diky tomu vznikaji na viceletych gymnaziich zfetelné rozdily
mezi minimalnimi pozadovanymi vystupy v narodnim kurikulu a redlnym obsahem
vyuky.

Dalsim tskalim kurikularni reformy pro Sestiletd gymnazia jsou chybéjici mini-
malni vystupy na konci 7. ro¢niku zédkladniho vzdélavani. Zaci pfichazeji z riiznych
zékladnich skol s odliSnou trovni znalosti, zatimco néktefi z nich jisté ucivo v 6.
nebo 7. ro¢niku probirali, jini jej jesté neznaji. Problémem je jiz samotné nastaveni
pozadavkt k prijimacim zkouskam.
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Ve vydavani ucebnic matematiky pokracoval trend zapocaty v devadesatych le-
tech minulého stoleti. Vychézely nové fady (napiiklad v nakladatelstvich Fraus,
Didaktis ¢i Nova skola), ale i aktualizace diive vydanych uc¢ebnic. Kromé toho po
roce 2000 rostl pocet pracovnich sesitti. Na prechodnou dobu byla povinnou soucasti
ucebnic informace o klicovych kompetencich (v souladu s RVP ZV), které kniha roz-
viji. Pfestoze od zavedeni kurikularni reformy neni urceno rozrazeni uciva do jednot-
livych ro¢nikti, v ndzvech ucebnic ro¢niky ziistaly. S rostoucim poctem ucebnic roste
bohuzel také pocet téch, které ne vzdy jdou piikladem svym grafickym (Moravcova,
2017) i odbornym zpracovanim.!?

4.2 DALSI ASPEKTY VYUKY MATEMATIKY

V roce 2000 bylo v ramci OECD zahajeno dalsi mezinarodni testovani, a sice Se-
tfeni PISA (Programme for International Student Assessment). V ramci PISA je
zkoumana troven ctenarské, matematické a prirodovédné gramotnosti patnactile-
tych zaki. Testovani probiha kazdé tti roky, pricemz se pravidelné stiidéa jeho hlavni
naplit. Matematick4 gramotnost byla zkoumdna v letech 2003 a 2012;'8 zhorsujici se
vysledky nasich zaka vyvolaly diskusi odborné vetrejnosti (Mandikova & Paleckova,
2014).

Do vyuky matematiky nadale pronikaji konstruktivistické pfistupy. Vice je zdl-
raznovana dtlezitost podnitit zakovu aktivitu, rozvijet jeho schopnost samostatné
a kriticky myslet, vést ho k budovani vlastni poznatkové struktury. Hejny a Ku-
fina (2001) hovoii o didaktickém konstruktivismu a uvadéji deset zasad vystihu-
jicich jejich pedagogické presvédéeni o kvalitni vyuce matematiky. Kufina (2002)
také rozvinul realisticky konstruktivismus pripoustéjici transmisi potiebnych partii
uciva. Didaktikou matematiky s ohledem na konstruktivisticky pristup se zabyva
také kniha editovand Hejnym, Novotnou a Stehlikovou (2004). Piikladem metody
zalozené ryze na konstruktivistickém pojeti uceni je metoda profesora Milana Hej-
ného, ktera je podle informaci spole¢nosti H-mat v soucasnosti pouzivana témeér na
péting!® ceskych zakladnich gkol.

4.3 TECHNOLOGIE VE VYUCE MATEMATIKY

Od prvni dekady 21. stoleti jsou klasické kalkulacky v hodinach matematiky bézné
pouzivanou pomitckou. Ucitelé se v hodinach matematiky potykaji s tim, ze vzhle-
dem k riznorodosti typt kalkulacek zaci casto nevédi, jak jednotlivé funkce kalku-
lacek vyuzivat.

RVP ZV (MSMT, 2005) obsahuje doporuceni, aby Zaci analyzovali i modelo-
vali zavislosti pomoci vhodného pocitacového software nebo grafickych kalkulatort.
Grafické kalkulacky vSak ani v tomto obdobi do ¢eskych skol v $irsi mife nepronikly.

17V nékterych udebnicich poslednich let registrujeme zejména didaktické nedostatky, nejednot-
nost nebo netplnost definic apod. Napiiklad v uéebnici Binterové, Fuchse a Tlustého (2007) je
podle definice na str. 9 ¢tverec specidlnim pripadem obdélniku, podle definice na str. 59 vsak niko-
liv. Oba pfistupy jsou sice mozné, domnivame se vSak, ze by matematické pojmy mély byt zdktim
vyklddany jednotné.

18Podrobnéjsi informace o ticasti a vysledcich éeskych zakt v testovani PISA s ohledem na
rozsah prispévku neuvadime. Jsou k dispozici v dokumentech OECD (http: //www.oecd.org/pisa/)
a v dokumentech CSI (https: //www.csicr.cz/Prave-menu/Mezinarodni-setreni/PISA).

190daj ¢erpan z https://www.h-mat.cz/hejneho-metoda (cit. 23. 4. 2019). Uvedeny podil skol
zahrnuje i Skoly, kde je Hejného metoda vyuzivana pouze na prvnim stupni.
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V souvislosti s rozsitenim pocitact do skol se rychleji rozvijely vyukové programy;
vedle symbolickych matematickych programt typu Derive a tabulkovych editori to
byly i programy umoznujici manipulaci s jiz nakreslenymi objekty, tzv. programy
dynamické geometrie. U nds byl ve vyuce matematiky nejdifve vyuZzivan placeny?
software Cabri, resp. jeho vylepsena verze Cabri II Plus, a pozdéji také Cabri 3D.
V letech 2001-2006 rozsiteni uvedenych programi do skol vyrazné napomohl projekt
SIPVZ, v némz si ucitelé mohli volit vzdélavaci kurzy zaméfené na vyuziti programu
Derive ¢ Cabri 1T Plus®'.

Ve skolach se béhem této dekady rozsirily také interaktivni tabule diky jejich
financovani z evropskych strukturalnich fondu, rozsahlejsi vyuzivani vsak nalezly
spise na prvnim stupni zakladnich skol. Stale vice skol vyuziva ve vyuce matematiky
materidly dostupné online.

5 DRUHA DEKADA 21. STOLETI

Pro obdobi po roce 2010 je charakteristické pfedevsim zavadéni jednotnych zkou-
Sek garantovanych statem. Po nékolika odkladech a tipravach (Hrub4, 1999; MSMT,
2000a; MSMT, 2000b; MSMT, 2009) je od roku 2011 realizovana nova podoba stétni
maturitni zkousky. Dalsim krokem MSMT v této oblasti bylo zavedeni jednotné pii-
jimaci zkousky z Ceského jazyka a matematiky na stfedni Skoly. Vyrazny je stale
rostouci vliv digitalnich technologii a jejich uziti ve vzdélavacim procesu. Daéle je
kladen dtraz na aktivni uceni a podporu inkluzivniho vzdélavani. Dtsledkem uve-
denych trendt je mimo jiné zvysovani narokt na ucitele.

5.1 KURIKULARNI DOKUMENTY A UCEBNICE

RVP ZV byl od svého zavedeni nékolikrat aktualizovan. Matematiky se tyka uprava
z roku 2013, kdy byla na prvni stupen zakladniho vzdélavani navracena propedeu-
tika zlomki.?? V témze roce byl také RVP ZV doplnén o piilohu Standardy pro
zdkladni vzdélavant véetné standardi vzdélavaci oblasti Matematika o jeji aplikace.
Ty obsahuji ke kazdému ocekdvanému vystupu seznam indikatord, tj. konkrétnich
dovednosti zadka prokazujicich dosazeni daného vystupu, a ilustrativni tlohu.

Jiz v roce 2011 vydalo MSMT Doporucené ucebni osnovy predméti CJL, AJ a M
pro zdkladni skolu (MSMT, 2011), patrné s cilem upiesnit RVP ZV a poskytnout
tak $kolam podrobnéjsi podklady pro tvorbu a realizaci SVP; v podstaté se jedna
o ukazkové kapitoly SVP pro éesky a anglicky jazyk a pro matematiku. Za povsim-
nuti stoji, Ze v uc¢ebnim planu je doporucena hodinova dotace matematiky na druhém
stupni zakladni skoly 18 hodin, tedy je o 3 hodiny navysena z disponibilnich hodin.
Dtvodem tohoto navyseni je ,rozvoj matematické gramotnosti a tispésné osvojovani
poznatkt v dal§ich vyucovacich pfedmétech* (MSMT, 2011: s. 1-3). Tyto doporu-
¢ené osnovy jsou velmi podrobné rozpracované a srovnatelné s poslednimi platnymi
osnovami (MSMT, 1996) pred zavedenim kurikularni reformy.

20Vedle komerénich programt mohli uditelé pouzivat programy Geonext, C.a.R, pozdé&ji i Geo-
Gebru; tyto programy mély ¢eskou lokalizaci, resp. C.a.R slovenskou.

2lProgram Cabri II Plus doporudilo pro vyuku MSMT; pouzivani programu zalezelo ale na
rozhodnuti ucitele.

22Podle RVP ZV z roku 2005 se Zaci na prvnim stupni zékladni $koly seznamovali pouze s pfi-
rozenymi ¢isly, coz bylo kritizovano ve spojitosti se zhorsujicimi se vysledky zakt 4. ro¢nik® v me-
zindrodnim testovani TIMSS (VUP, 2011: s. 39).
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Nabidku uc¢ebnic pro zakladni skoly rozsitilo nakladatelstvi Fraus o fadu ucebnic
matematiky pro prvni stupen dle Hejneého metody, ktera zacala postupné vychéazet
od roku 2007. Na tyto ucebnice navazala fada ucebnic pro druhy stupen z nakla-
datelstvi H-mat. Novinkou posledni dekady je vydavani digitalnich ucebnic — inter-
aktivni uc¢ebnice matematiky pro zakladni skoly nabizi rovnéz nakladatelstvi Fraus.
V poslednich letech bylo také kromé aktualizovanych vydani jiz zavedenych ucebnic
vydano nékolik novych fad ucebnic a sbirek tloh, zpravidla doplnénych pracovnimi
listy ¢i dokonce ruznymi didaktickymi pomiickami (napiiklad fada z nakladatelstvi
Tvofiva skola).

5.2 DALSI ASPEKTY VYUKY MATEMATIKY

Po pilotnim ovéifovani v letech 2015 a 2016 zavedlo MSMT na jaie 2017 jednot-
nou piijimaci zkousku na stiedni $koly zakonéené maturitou. Zaci skladaji zkousku
z Ceského jazyka a matematiky formou didaktickych testi, které maji obdobny cha-
rakter jako testy pouzivané ve spoleéné ¢asti maturitni zkousky. Reditelé stiednich
skol sice mohou nastavit dalsi kritéria pro prijeti zakt, avsak dle §60d aktualni
tpravy Skolského zdkona 561/2004 Sb. musi zohlednit vysledky jednotné prijimaci
zkousky z alesponi 60 %. V jejich kompetenci je také nastaveni hranice tspésnosti
zkousky. Jednotné prijimaci zkousky jsou vedle statni maturity a testovani provadeé-
ného Ceskou gkolni inspekci?® dalsim néstrojem k evaluaci kvality vzdélavani mate-
matice v Ceské republice, byt zde nardzime na fakt, Ze je nekonaji vsichni absolventi
zakladnich skol.

Didaktické testy z matematiky zadavané v ramci jednotnych pfijimacich zkousek
obsahuji siroce oteviené tlohy??, oteviené tlohy? a uzaviené tlohy?®. Zak zazname-
nava odpovédi do tzv. zdznamového archu. Na vypracovani 16 uloh (pfijimaci fizeni
na Sestiletd gymnézia a ¢tyfleté studijni obory s maturitou), respektive 14 tloh
(pfijimaci fizeni na osmiletd gymnézia), je 70 minut a povolenymi pomtckami jsou
pouze psaci a rysovaci potteby. Testové tlohy vychéazeji z RVP ZV, v ptfipadeé testi
pro piijeti na $estileté gymnazium z doporucenych osnov (MSMT, 2011). Pozadavky
jsou podrobné specifikovany na webovych strankach Centra pro zjistovani vysledki
ve vzdélavani.?” Pred zavedenim jednotné pfijimaci zkousky nékteré stiedni skoly
pouzivaly pfijimaci testy vytvorené spolecnosti Scio, které sestavaly pouze z uzavie-
nych dloh. Prestoze volba charakteru tloh jednotnych pfijimacich testi je opakované
v médiich tercem kritiky, zafazeni otevienych tloh povazujeme za krok spravnym
smérem. Soucasna jednotna prijimaci zkouska diky chybéjici centralné nastavené
dolni hranici Gspésnosti nemiize stoprocentné zajistit minimalni vstupni Groven zak
nastupujicich do maturitnich obort stfednich skol. Dava vsak najevo urcitou uroven

23Ceska skolni inspekce (CSI) je spravnim tGifadem s celost4tni ptisobnosti. Byla zfizena zdkonem
¢. 561/2004 Sb. dne 1. 1. 2005. Jejim prostfednictvim je zajistovano hodnoceni vzdélavaci soustavy
v Ceské republice v oblasti vzdélavani a gkolskych sluzeb (https://www.csicr.cz/cz/ZAKLADNI-
INFORMACE/O-nas, cit. 25. 4. 2019). Od gkolniho roku 2015/2016 CSI provadi pravidelné tes-
tovani zakl 9. ro¢niki zakladnich skol a 2. roc¢niki stiednich skol, pomoci néjz sleduje rozvoj
gramotnosti zdkd vcetné matematické. Je téz realizatorem mezindrodnich vyzkumt vcetné vyse
zminénych TIMSS a PISA.

24Ulohy, v nichz 74k uvadi nejen vysledek, ale i postup FeSeni, jehoZ spravnost je soucasti
hodnoceni.

2574k uvadi pouze vysledek tlohy.

2674k vybira odpovéd z nabizenych moznosti.

2TDostupné z https: //www.cermat.cz/specifikace-pozadavku-k-jednotnym-prijimacim-zkouskam-
1404035551 .html (cit. 23. 4. 2019).
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znalosti, které by mél zak v ideadlnim pripadé pri prechodu ze zakladni na stfedni
skolu mit.

S vyukou matematiky tizce souvisi rozvijeni finanéni gramotnosti zak, jejiz po-
treba se zacala zvysovat v devadesatych letech 20. stoleti v souvislosti s porevoluc-
nimi zménami v trzni ekonomice a bankovnictvi. Na zakladé vladniho rozhodnuti
z roku 2005 byl zformulovan Systém budovdni financéni gramotnosti na zakladnich
a stiednich skoldch (MF, MSMT & MPO, 2006), v némz je definovéna finan¢ni gra-
motnost a jeji standardy. Dokument dale podrobnéji predstavuje zamér zaclenit tuto
aktualni oblast do vzdélavani. V roce 2013 byla finan¢ni gramotnost implementovana
do RVP ZV jako souéast vzdélavaci oblasti Clovek a svét price.

5.3 TECHNOLOGIE VE VYUCE MATEMATIKY

Pro druhou dekadu 21. stoleti je na ceskych zakladnich i stfednich skolach patrny
nartst vyuzivani programu dynamické geometrie GeoGebra, ktera nahradila placeny
software. Technologicky vyvoj umoznil vyuzivani rtiznych systémi hlasovacich zafi-
zeni zobrazujicich odpovédi zakl na testové tkoly ¢i otazky ucitele v redlném case.
Skoly také vice vyuzivaji viukové webové stranky.

6 ZAVER A DISKUSE

Shrneme-li hlavni zmény ve vzdélavani matematice na 2. stupni zakladni skoly v po-
slednich tficeti letech, jedna se o snizovani po¢tu hodin matematiky, zobecnéni ob-
sahu kurikula a rozvolnéni cest k jeho naplnéni, posun vyuky od zaméfenosti na
ucivo smérem k zékovi a k procesu jeho uceni, vyrazny nartst vyuzivani technologii
ve Skolské matematice a o zavedeni jednotné pfijimaci zkousky na stfedni skoly.

Snizovani hranice minimalniho po¢tu hodin matematiky na druhém stupni za-
kladni skoly z 20 na 15 od pfedrevoluc¢niho obdobi po soucasnost doklada tab. 4.
Uvedeny pokles souvisel se zavadénim novych predmeéttt na druhém stupni v pore-
volucnich letech, konkrétné se zavedenim druhého ciziho jazyka. SniZeni hodinové
dotace matematiky mutze mit, dle naseho nézoru, negativni dopad na spolecenské
vnimani role matematiky jako zakladniho vyucovaciho predmétu na druhém stupni
zékladni skoly.

Tab. 4: Prehled vyvoje poctu hodin matematiky na druhém stupni zakladni skoly

Kurikularni Osnovy Osnovy Zakladni skola RVP ZV Opatrent
dokument (MS, 1987) (MSMT, 1991) (MSMT, 1996) (MSMT, 2005) (MSMT, 2007)
Pocet hodin

matematiky na 20 1620 16 16 15

druhém stupni ZS

Mirné odlisny byl vyvoj po¢tu hodin matematiky v nizsich roc¢nicich osmiletych
gymnazii. V roce 1994 byl tento pocet ustanoven na 17, nezménil se ani nastolenim
poslednich predreformnich osnov pro viceletd gymnézia v roce 1999. Od zavedeni
kurikularni reformy po roce 2000 se nizsi ro¢niky viceletych gymnazii fidi RVP ZV
pro druhy stupen zakladni skoly, minimalni hodinova dotace matematiky tedy klesla
nejprve na 16, posléze na 15 hodin. Je vSak obvyklé, Ze ji feditelé viceletych gymnazii
navysuji z disponibilnich hodin na 16 az 18.28 Zajimavosti je, Ze 18hodinovou dotaci

28Udaj byl zjistén na zakladé analyzy desitek uc¢ebnich planti osmiletych gymnézii v celé Ceské
republice. Je tieba podotknout, Ze i na mnohych zédkladnich skolach je celkova hodinova dotace
matematiky na druhém stupni vétsi nez 15 hodin.
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vyuky matematiky uvadéji i doporucené ucebni osnovy (MSMT, 2011) vypracované
Ministerstvem gkolstvi, mladeze a té&lovychovy. To si lze vysvétlit tak, ze i MSMT
si uvédomuje, ze 15 hodin je pro optimalni dosazeni pozadovanych vystuptt malo.

Prirozené se nabizi otazka, zda sniZzeni poctu hodin matematiky na druhém
stupni nemé negativni vliv na kvalitu vyuky. Vyzkum v této oblasti vSak nedava
jednozna¢nou odpoveéd. Nékteré vysledky ukazuji, Ze existuje pfimé vazba mezi dél-
kou doby studia a znalostmi a dovednostmi, které béhem této doby jedinec ziska,
jiné, ze tomu tak neni (Pricha, 2012). Je vSak evidentni, Ze sniZeni hodinové do-
tace musi vést ke snizeni objemu probraného uciva nebo ¢asu na jeho procviceni.
Systematickou pfipravu a procviceni vSak povazujeme za dilezitou soucast uceni se
matematice. Oboji ¢asto probiha také formou domécich tkold. V poslednich letech se
na téma domdci ukoly rozpoutala ziva diskuse — odpiirci z fad rodi¢a zakt vystupuji
v médiich proti zadavani domacich kol a argumentuji pretézovanim zakd. Vhodné
zadané domaci tkoly vSak mohou vést k prohlubovani zakovych znalosti a doved-
nosti, nebot jsou nedilnou souc¢asti procesu uceni. Je vSak tfeba, aby zaci byli k psani
tkol motivovani (Mandak, 1992). S doméci ptipravou souvisi také dalsi fenomén po-
slednich let — doucovani. Zatimco ndmitky proti zadavani domécich tkold rostou,
roste paradoxné i poptavka po soukromém doucovani matematiky vcetné intenzivni
pripravy na prijimaci zkousky:.

Néarodni kurikulum matematiky proslo v uplynulych tficeti letech zna¢nym vyvo-
jem. Od jednotnych ucebnich plani a osnov matematiky, které vymezovaly hodinové
dotace a Tazeni tematickych celkli véetné jejich podrobného obsahu, se posunulo
k rdmcovym vzdélavacim programim vymezujicim ocekavané vystupy vzdélavani
pouze v tzv. uzlovych bodech vzdélavani. V poslednich letech jsou ramcové vzdéla-
vaci programy podrobovany kritice, ze neposkytuji dostatecné podklady k naplio-
vani cilt vzdélavani (Janik et al., 2010). Dilezitym aspektem kurikuldrnich reforem
je postoj uciteltt ke zménam, které s reformou souviseji (Maiiak, Janik & Svec, 2008;
Peskové, Spurna & Knecht, 2017). Nazor uciteli na reformu kurikula v souvislosti
s RVP ZV vsak neni konzistentni (Strakova, 2007).

V soucasné dobé se pracuje na revizi kurikula (nejen) matematiky s cilem reago-
vat na dosavadni vysledky reformy i na v§voj spole¢nosti. Ukolem je ,jednoznaéné
a zavazné vymezit rozsah a obsah vzdélavani spolecny pro vSechny, ktery by mél
byt zékladem pro individudlni rozvoj kazdého zaka??“. Lze tak pozorovat pokra-
¢ujici trend odklonu orientace kurikula od uciva k zédkovi. Charakteristickym ry-
sem revize je vypracovani o¢ekavanych vysledkt uceni zaka v jednotlivych tématech
vzdélavacich oblasti vztazenych k uzlovym bodim vzdélavani (pro druhy stuperi jde
0 9. a nové také o 7. ro¢nik). Revize probihaji po linii jednotlivych vzdélavacich
oblasti napri¢ vSemi stupni vzdélavani od preprimarniho po stfedni. Skupina pro re-
vizi vzdélavaci oblasti Matematika a jeji aplikace zahajila praci jako jedna z prvnich
v 1été 2017 a v zafri 2018 dokoncila podklady k upravam kurikula. Zvazuje se také
zatazeni konkrétnich dovednosti z finan¢éni gramotnosti do revidovaného kurikula
matematiky, coz povazujeme za pirinosné.

Kurikuladrni zmény tzce souviseji s tvorbou uc¢ebnic matematiky. Mizeme v nich
pozorovat odklon od exaktnich definic, zdivodnovani, pfesného vyjadfovani i pouzi-
vani matematické symboliky. V dtsledku uvolnéni trhu po roce 1989 zacala mnoha
nakladatelstvi vydéavat zcela nové rfady ucebnic, zaroven se vsak udélovani schvalo-
vacich dolozek MSMT stalo benevolentnéjsi. V diisledku toho se na trhu objevily

2NUV. Revize RVP: Zdmér, divody a cile. Dostupné z http: //www.nuv.cz/t/rrvp
(cit. 26. 4. 2019).
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i u¢ebnice sporné kvality, zvysil se vSak diiraz na barevnost textu, zafazeni obrazku
a obecné zatraktivnéni vzhledu ucebnice. Zodpovédnost za volbu vhodné ucebnice
a pripadnou korekci matematickych chyb, které se v ni vyskytuji, byla prenesena
na Skolu, potazmo ucitele (Maridk & Knecht, 2007). V poslednich letech se staly
atraktivnimi pracovni seSity, které jsou soucasti témér kazdé rady zakladoskolskych
ucebnic matematiky. Zaci nemusi formulovat celé véty, narysovat si zadani tlohy
atd., pouze vyplnuji ¢isla do pripravenych kolonek nebo dokresluji c¢ary do pred-
kresleného obrazku. Pracovni seSity bezesporu usnadnuji ucitelim i zakiim praci
a umoznuji procvicit v daném case vice uciva. Zaroven se vSak domnivame, zZe je-
jich naduzivani miize u zakt negativné podporovat schopnost spravné formulovat
matematické myslenky a v disledku toho omezovat rozvoj jejich logického mysleni.

Potteba statu zajistit kvalitu vzdélavani v soucasnych rozvolnénych podmin-
kach vedla k zavedeni jednotnych pfijimacich zkousek na stiedni skoly a jednotné
maturitni zkousky. Pfijimacimi zkouskami vSak neprochazeji vsichni zaci koncici za-
kladni §kolu. Ceska republika tak v Evropé ziistava jednou z poslednich zemi, které
nemé vypracovany systém narodniho testovani (Dvorak, 2015). Z hlediska vysledki
vzdélavani maji jednotné prijimaci zkousky z matematiky na stfedni skoly potencial
poskytovat zpétnou vazbu nejen rodi¢tim a skolam, ale i samotnym zfizovateltim za-
kladnich skol, a mohou tak podpofit objektivizaci klasifikace na zakladnich skoléch.
Jako pozitivni hodnotime i to, Ze pfijimaci zkousky zahrnuji znalosti a dovednosti
z geometrie, coz by mohlo prispét k podpore vyuky geometrie na skolach.

Posun od transmisivniho pristupu ve vyuce matematiky smérem ke konstrukti-
vistickému lze pozorovat nejen v soucasnych kurikularnich dokumentech, ale také
v novych ucebnicich a pouzivanych vyukovych metodach na skoldch. Na zménu me-
tod uceni matematice ma znac¢ny vliv také rozmach digitalnich technologii. Ty sice
mohou pfispivat k aktivnimu osvojovani pojmt a dovednosti zak, jejich smysluplné
zapojeni vsak klade dalsi naroky na praci ucitele.

Disledkem rychlého vyvoje spolecnosti v poslednich letech je, ze skolsky systém
nestaci reagovat na jeji pozadavky a potieby z hlediska vzdélavani, a to nejen v ma-
tematice. Stéle vice se tak ukazuje naléhavost ,jotazky, v ¢em ma spocivat zakladni
a v ¢em stfedni vseobecné matematické vzdélavani cloveka nasi doby a ¢loveka blizké
budoucnosti® (Travnicek, 1998: s. 259).
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Vyvoj prirodovédného vzdélavani
v Ceské republice od roku 1989

Svatava Janouskovd, Pavel Teply, Hana Ctrndctovd, Jan Marsdk
Abstrakt

V poslednich 30 letech prochézi ¢esky vzdélavaci systém fadou zmeén. Tyto zmény lze také
pozorovat v proméné paradigmatu prirodovédného vzdélavani, kterd je do znacné miry
déana otevienosti vzdélavaciho systému k novym, globalnim trendim ve vzdélavani. Cilem
autorti prace je zmapovat tento v§voj v prostfedi CR. Na zakladé kvalitativni analjzy stra-
tegickych a koncepénich dokumenti MSMT a dokumentii tvofenych organizacemi jakymi
jsou napt. Ceska skolni inspekce je demonstrovan $irsi kontext piirodovédného vzdélavani
v CR. V druhé ¢asti ¢lanku se na zékladé analyzy cilového zaméfeni kurikul v oblasti
prirodovédného vzdélavani od roku 1989 autofi zaméfuji na proménu cilti v oblasti pfiro-
dovédného vzdélavani. Autofi dochéazeji k zévéru, Ze proména piirodovédného vzdéldvani
v kurikulu nizsiho sekundérniho vzdéldvani respektuje mezinarodni trendy. Kurikulum
také z vétsiny zohlednuje cile aktudlnich narodnich i mezinarodnich strategickych doku-
mentt. I pfesto autofi pro budouci revize kurikula navrhuji nékteré zmény, kterymi jsou
napiiklad vymezeni konceptu pfirodovédné gramotnosti/kompetence a vétsi prosazeni dii-
lezitosti prirodovédného vzdélavani do vSeobecnych vzdélavacich cili.

Kli¢ova slova: prirodovédné vzdélavani, prirodovédna gramotnost, kurikulum, RVP.

Science Education Development
in the Czech Republic since 1989
Abstract

The Czech education system has been undergoing a number of changes in the past 30 years.
Changes took place also in science education; a paradigm shift — mostly due to the new
educational system open for new educational trends — can be recognized.

This article maps these changes in the Czech Republic. Strategic and conceptual docu-
ments originating from the Ministry of Education and documents drafted by organizations
as e.g. Czech School Inspectorate are examined by a thematic qualitative analysis. Based
on the findings, authors present a broader context of science education. In the second part
of the article the authors focus on changes in the objectives for science education by ana-
lyzing the target orientation of curricula since 1989. The authors conclude that the shift
of science curriculum for lower secondary schools reflects current trends in education. The
curriculum is also reflective of the goals and objectives of key national and international
educational strategies. Still, authors suggest some changes for the future curricular revisi-
ons, for example: Explicit definition of scientific literacy/competence in the curricula, and
a greater emphasis on science education in the general curricular goals.

Key words: science education, scientific literacy, curriculum, Framework Educational
Programme.
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Jiz. od pfelomu 80. a 90. let minulého stoleti prochézi celosvétové prirodovédné
vzdélavani fadou zmén a nese se ve znameni hledani nového postaveni i pojeti pri-
rodovédnych obortt (Skoda & Doulik, 2009). Néktefi autoii, napt. Osborne a Wit-
trock (1983) hovoii o krizi pfirodovédného vzdélani, ktera zaséhla nejen anglosasky
svet, ale také zemé byvalého vychodniho bloku. Obé do té doby uplatiiovana pa-
radigmata pojeti pfirodnich véd — humanistické i scientistické, se zdala byt pftilis
rigidni v kontextu postupné se globalizujiciho svéta. Bylo je proto tfeba nahradit
paradigmaty jinymi, kterd by vice odrazela dynamické zmény probihajici ve védé,
technologii i celospolecenském usporadéani (Marsédk & Janouskova, 2006). Opusténi
puvodnich pojeti bez existence pojeti jiného je vSak vzdy slozité. Zpravidla vime, co
je na puvodnich pojetich Spatné, ale nachazeni pojeti nového provazi fada problému
komunity védcii a dalsich experti v oblasti vzdélavani na smér, kterym by se vzdeé-
lavani meélo ubirat. Tato nézorova roztristénost ma zpravidla dva davody. Prvnim
divodem je ovlivnéni vzdélavani nazorovymi proudy ve spolecnosti, na néz casto
pusobi néjaké nadnarodni uskupeni — EU, OECD, UNESCO apod. Druhym dtivo-
dem je pak skuteCnost, Ze je mozné se opfit pouze o pomérné limitované mnozstvi
systematicky provazanych dat, pochazejicich z aktualnich vyzkumu v oblasti pfiro-
dovédného vzdélavani, jez by napomohla pochopit aspekty prirodovédného vzdéla-
vani, které poméahaji posouvat zaky i celou spole¢nost zadoucim smérem.! P¥itom
celospolecensky tlak na optimalizaci skolniho vzdélavani ve vsech oborech, véetné
prirodovédnych, je jiz dvé desetileti enormni.

Pocatek 21. stoleti s sebou vSak nese jesté dalsi vyzvy v oblasti ndrodniho vzdéla-
vani. Touto vyzvou je globalizace. Globalizace je zpravidla chdpana jako celosvétové
zintenzivnéni socidlnich vztaht, které vede k tomu, zZe se lokalni udalosti utvareji
podle déni vzdaleného tisice kilometri a naopak (Held, 1991). Z tohoto dtivodu glo-
balizace maze do urcité miry narodni hranice, posiluje a vyzaduje urcitou soudrznost
a zdsadné ovliviiuje usporadani narodni identity (Torres, 2002). To se nutné muselo
odrazit a odrazi ve vzdélavaci politice, a to zvlasté proto, ze globalizace se méla
odehravat jako nastup a rozvoj spolecnosti a ekonomiky zalozené na védéni. Védéni
tedy stoji a stalo v centru zajmu politikd i expertt (blize viz Kopecky, 2013). To
muize mit pozitivni, stejné jako negativni disledky. Pozitivnim efektem globalizace
muze byt tzv. learning policy, kdy se do narodnich systémt pfejimaji na zakladé
hlubokych analyz ty prvky, které ho mohou zlepsit. Nekritickym, nesystémovym ¢i
sociokulturné nevhodnym piijimanim celkového sméfovani vzdélavacich politik (ne-
systémova politika, borrowing policy) vSak ve vzdélavacich systémech mohou nastat
také takové posuny, které jeho stabilitu narusi.

Clanek se snazi zmapovat, jak na shora popsané trendy reagovala a reaguje
Ceské republika. Zaméiuje se proto na promény piirodovédného vzdélavani v Ceské
republice v poslednich 30 letech na trovni nizsiho sekundarniho vzdélavani. Prvni
¢ast ¢lanku prinasi analyzu dokumenti nadnérodni a narodni povahy, které se bez-
prostfedné dotykaji vzdélavaci politiky v oblasti pfirodovédného vzdélavani v Ceské
republice. Druhé ¢ast ¢lanku se zaméfuje na blizsi analyzu promény kurikul zejména
v oblasti cilii prirodovédného vzdélavani a jejich vazbu na dokumenty analyzované
v prvni ¢asti. Poznatky v ¢lanku vychéazeji z obsahové analyzy dokumentt (vzdéla-
vacich standardi) zpracované softwarem Atlas.ti pomoci systémi kédovani.

1V ramci p¥irodnich véd jsou systematizovany informace zejména ve vizkumech TIMSS a PISA,
které vsak ani zdaleka neposkytuji odpovédi na vSechny potiebné otazky.
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1 PROMENY PRIRODOVEDNEHO VZDELAVANI
v CESKE REPUBLICE

1.1 DEVADESATA LETA — OBDOBI HLEDANI IDENTITY
PRIRODNICH VED A PRVNI GLOBALNI VYZKUMY

Jak bylo uvedeno v tvodu ¢lanku, 90. 1éta byla celosvétovym hledanim nového po-
jeti pfirodovédného vzdélavani. Ceské republika, ktera prochazela reformou gkol-
ského systému, nebyla vyjimkou. Pokud bychom piesto méli uréit smér, jimz se
prirodovédné vzdélavani zacalo ubirat, pak to bylo zaméfeni na interdisciplinarni
pojeti prirodovédného vzdélavani, které se zacalo vice orientovat na komplexni té-
mata se silnou tzv. socialni relevanci. Vzdélavani v prirodnich védach se dle odbor-
niktt mélo zamérovat na takova témata, kterda méla potencial byt vyuzivana zakem
v jeho praktickém zivoté — pro jeho profesi i zodpovédné chovani, pfi rozhodova-
cich procesech i jeho Zivoté v postupné se globalizujicim svété (blize viz Marsak
& Janouskova, 2006). Je v8ak nutno podotknout, Ze pres skutecnost, kdy se celosvé-
tove zacalo pristupovat k prirodovédnému vzdélavani jako prostfedku pro pochopeni
svéta a orientace v ném, dochazelo v tomto obdobi k vyznamnému odklonu zajmu
zékt o studium prirodovédnych a technologickych obori, které zaci povazovali za
velmi narocné (Osborne & Wittrock, 1983). Tato krize pfetrvala do poc¢atku 21. sto-
leti a jeji existence byla vnimana decizni sférou, napiiklad Evropskou komisi (EC),
jako velmi z&vazna, nebot pfirodni védy a na né navazujici vyzkum novych tech-
nologii byly a jsou jednim ze silnych predpokladt tispéchu a konkurenceschopnosti
zemi (blize viz napf. Gago et al., 2004; Krammer, 2017). Hledani cesty z této krize
pak bylo pfedmétem zajmu odbornych skupin od pocatku 21. stoleti (viz déle).

Devadesata léta vSak nejsou jen obdobim hledani novych pristupt k vyuce pfi-
rodnich véd. Jsou také obdobim vzniku a realizace prvnich globalizovanych vyzkumu
v oblasti méfeni dosazenych vysledkt zakid v prirodnich védach. Dopad téchto kom-
parativnich Setfeni na vzdélavaci systémy ticastnicich se zemi byl, mozna pro nékteré
prekvapiveé, mimoradny. Prvnim vyzkumem, ktery je pravidelné realizovan ve ¢tyi-
letém cyklu na globalni Grovni (zahrnuje zpravidla vice nez 50 zemi svéta) od roku
1995, je vyzkum TIMSS (Trends in International Mathematics and Science Study)
koordinovany spole¢nosti The International Association for the Evaluation of Edu-
cational Achievement (IEA). Druhy vyzkum realizovany Organizaci pro hospodéai-
skou spolupréci a rozvoj (OECD) je vyzkum PISA (Programme for International
Students Assessment), ktery je uskutectiovan v tfiletych cyklech od roku 2000 (pfi-
pravoval se viak od konce 90. let). Uvedenych vyzkumi se pravidelné tcastni i Ceska
republika.

Oba vyzkumy predstavuji nové smérovani v ivahach o vzdélavacich systémech
jednotlivych zemi zaloZenych na tzv. evidence based policy (politice zalozené na
dikazech). Konec devadesatych let a zejména pocatek 21. stoleti se tak proto nese
v duchu tvorby indikatorovych systémi a ziskdvani velkého mnozstvi dat o riiznych
aspektech fungovani spolecnosti, vzdélavaci soustavy nevyjimaje. Politika zalozené
na diitkazech se méla nést v duchu transparentnosti, odpovédnosti a demonstrace
opravnénosti provadénych zmeén. Je vSak potieba si uvédomit, ze indikatorové sys-
témy zavadéné pro vysoce komplexni systémy se potykaji s fadou problémi — jejich
nejvetsi slabinou pak paradoxné je, Ze se snazi takové systémy, at se tykaji jakékoli
socialni reality, popsat nékolika mélo ¢isly, coz principalné neni mozné (blize viz

Morse, 2004; Janouskova & Marsak, 2008a, b).
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Spole¢nost dnesni doby je doslova posedla ,¢isly” (Morse, 2004) a moZnostmi
jejich interpretace. Bohuzel takova interpretace neni vzdy jednoduché, dokonce neni
vzdy v konkrétnim case nebo na zakladé ziskanych informaci mozna. Presto je po-
zadovana. Pivodné dobry zameér zaclenéni védeckych poznatkt do politickych roz-
hodnuti tak nékdy miize selhavat. Hluboké védecké poznani socialni reality je totiz
velmi obtizné a jeji pochopeni miize trvat dlouho, coz se neslucuje s nutnosti délat
rychla (politickd) rozhodnuti a zavadét prislusna opatfeni v redlném case. Podob-
nym uskalim mohou vzdélavaci politiky jednotlivych zemi celit v pripadé, ze za
zéklad svych rozhodnuti berou jen tidaje ze shora uvedenych mezinarodnich vy-
zkumi, nebo pokud si dokonce vytknou jako hlavni cil pfirodovédného vzdélavani
dosdhnout tspéchu v téchto Setfenich.

[ kdyz vysledky obou vyzkumi vzdy ptritdhnou pozornost decizni, odborné i laické
vefejnosti, je to zejména vyzkum PISA, ktery stoji v centru zajmu vzdélavacich po-
litik fady zemi svéta. Setfeni PISA totiz sleduje mj. vzdélavaci visledky patnécti-
letych zakt v matematice, pfirodnich védach a ¢tenaiskych dovednostech, a pravé
populace patnéctiletych zakt pfedstavuje v fadé zemi uzlovy bod ve vzdélavani
(pfechod mezi niz$im a vy$$im sekundarnim vzdélavanim)?2. Pro vzdélavaci politiky
fady zemi se proto PISA stala ,zlatym standardem* kvality vzdélavani a v fadé pri-
padi byla a je spoustécem vzdélavacich reforem (Sjgberg, 2015). Pro mnoho zemi,
kde neprobiha testovani iirovné znalosti a dovednosti zaki na narodni trovni, totiz
predstavuje toto Setfeni jediny obrazek o dosazenych vzdélavacich vysledcich zaki,
pricemz tyto vysledky lze srovnat jesté s dalsimi zemémi.

Vyzkum PISA je na jedné strané casto velmi oceniovan — jedna se o unikatni glo-
balni standardizované méreni zalozené na definicich gramotnosti stanovenych kon-
senzualné mezinarodnim tymem; je pravidelné opakovano, lze v ném tedy sledovat
urcité trendy; je doprovazeno fadou dulezitych informaci o zZacich a jejich rodin-
ném zazemi, lze tedy na zakladé nich provadét detailnéjsi analyzy zavislosti socio-
ekonomickych proménnych na vzdélavacich vysledcich zakt atp.

Na druhé strané je vSak tfeba si uvédomit limity tohoto Setfeni. V odborné lite-
ratufe (blize viz napt. Prais, 2003; Sjgberg, 2014; Fernandez-Cano, 2016) se obecné
diskutuje problém samotného vymezeni jednotlivych gramotnosti, které nezohled-
nuje kurikula a sociokulturni aspekty jednotlivych zemi, ale vychazi z nazoru odbor-
nikt na to, co je v globalnim svété potieba z ramce testovaného obsahu zvladnout.
Diskutuje se vSak i metodologie vyzkumu (kvalita tloh a jejich pfekladu, testovani
nikoli pfirodovédného obsahu, ale schopnosti ¢ist delsi texty uvozujici tlohy, i sta-
tistické zpracovani). Kritici varuji pfed prikladdnim piilisné vahy tomuto Setfeni
bez dalsich narodnich analyz, které by vysledky umoznily v narodnim kontextu lépe
interpretovat.

V Ceské republice v devadesatjch letech ani na poc¢atku 21. stoleti nebyla mezi-
narodni Setfeni hnacim motorem zmén prirodovédného vzdélavani. Divody pro tuto
skutecnost byly dva. Prvnim divodem byla nutnost zamétit se na zasadni proménu
celého vzdélavaciho systému, aby odpovidal potfebam nové se rodici demokratické
spolec¢nosti. To byl kol i z hlediska promény struktury kurikul jednotlivych obort
dosti naro¢ny — pfistupovalo se postupné ke zvysSovani autonomie skol. Druhjm,
neméné zavaznym diivodem, byla skutecnost, Ze vysledky CR v mezinarodnim Set-
feni TIMSS, které se uskutecnilo v roce 1995, byly nadprimérné — zaci 8. ro¢niku

2Vyzkum TIMSS provadi Setieni dosazenych vzdélavacich vysledkii zaki 4. a 8. roéniki. Rada
zemi, nevyjimaje, vSak po zavedeni Setieni ustoupila od Setfeni vzdélavacich vysledki

i, CR jimaje, vSak deni Setfeni PISA ustoupila od Setfeni vzdélavacich vysledk
74kl na trovni 8. ro¢nikt a maji tak k dispozici data pouze o zacich 4. roéniku zakladnich skol.
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dosahli v ptirodnich védach 574 bodi a umistili se tak na cele zebricku tic¢astnicich se
zemi. Zdalo se tedy, ze stavajici pristup k vyuce prirodnich véd nese dobré vysledky
(blize viz UIV, 2002; Tomasek et al., 2008). V roce 2000 pak v ramci Setieni PISA
zaci CR dosahli v trovni pifrodovédné gramotnosti vysledku nad primérem zemi
OECD. I kdyz nebyl vysledek tak vynikajici jako u Setieni TIMSS, stéale byl v porov-
nani s dalsimi gramotnostmi — matematickou a ¢tenafskou - velmi uspokojivy (blize
viz ULV, 2002; Blazek & Ptihodové, 2016). TIMSS a PISA se proto staly z hlediska
utvaieni ciliit pifrodovédného vzdélavani vitanou inspiraci (viz napt. MSMT, 2007),
ale nikoli hnacim motorem jeho zmén. Na rozdil od zkvalitnéni pocitacové gramot-
nosti se pak prirodovédna gramotnost neprosadila ani do cilti strategickych smeért
Dlouhodobého zdméru vzdélavani a rozvoje vzdélavaci soustavy CR (2007).

1.2 POCATEK 21. STOLETI — BADATELSKY ORIENTOVANA VYUKA

Dalsi reforma, kterd méla pfispét k vytvoreni tplné autonomie gkol v Ceské re-
publice, zacala probihat od roku 2001 (blize viz MSMT, 2001). V té dobé se Ceska
republika chystala na vstup do Evropské unie, coz reformu do zna¢né miry ovlivnilo,
a to v celkovém pojeti pristupt ke vzdélavani. Akcent byl kromé predmeétovych vé-
domosti a dovednosti kladen také na rozvoj univerzalnéjsich zakovskych védomosti
a dovednosti, tzv. klicovych kompetenci (blize viz Hu¢inova, 2005). Oblast vzdéla-
vani v piirodnich védach pak zasahl jesté dalsi novy celosvétovy fenomén, a tim se
stala badatelsky orientovana vyuka (IBSE). I kdyz badatelsky orientované vyuka ne-
byla rozhodné novym konceptem a v fadé zemi se s ni pracovalo od 60. let 20. stoleti,
lze se domnivat, Ze jejimu vétsimu prosazeni v evropském kontextu napomohly jed-
nak nékteré realizované projekty (napi. projekty ESTABLISH, MASCIL, POLLEN,
S-TEAM, TEMI), jednak zprava Evropské komise zpracovana tymem kolem Michela
Rockarda s nazvem Science Education NOW: A Renewed Pedagogy for the Future
of Furope. Tato zprava konstatovala, ze v evropskych zemich dochazi k odklonu
zdjmu mladych o studium pfirodnich véd, a to navzdory tomu, Ze pfirodni védy
jsou vnimany pro spolecnost jako zasadni. Konstatovala také, ze jednim z dtivodi
nezajmu mladych lidi o pfirodni védy je zpusob jejich vyuky a Ze podpora inovaci
v prirodovédném vzdélavani, resp. vyucovani, je roztfisténa. Ve zprave je opakované
zdiraznéna nutnost podpory takovych metod vyuky v prirodovédném vzdélavani na
skolach, které povedou od prevazné deduktivnich k badatelsky orientovanym meto-
ddm vyuky, coz se odréazi i v doporucenich a zavérech ve zpravé (blize viz EC, 2007).
Zpravu Evropské komise (EC) v tomto smyslu podpofila i britska studie s nazvem
Science Education in Europe: Critical reflections vedena renomovanymi védci Osbor-
nem a Dillonem (2008). Obé studie povazuji badatelsky orientovanou vyuku zejména
za motivacni prvek pro zvyseni zdjmu mladych lidi o pfirodni védy, coz odpovida
studiim dalsich autort, jakymi jsou Crawford (2000), Holbrook a Kolodner (2000)
¢i Marx et al. (2004). To vSak nevypovida nic o jeji efektivité ve smyslu utvéareni
znalosti zaki; v tomto smyslu je metoda stale intenzivné diskutovana jak zastanci,
tak odpirci daného piistupu (viz napf. Kirschner et al., 2006; Bunge, 2012). V sou-
vislosti s potiebou inovovat pristupy k vyuce prirodovédnych obori se samoziejmé
v obou zpravach diskutuji také prislusné upravy kurikula, které by nové, ¢asové na-
rocné metody umoznily, a dale potfeba podpory uciteli v jejich osvojovani. V britské
zpraveé je zdiraznovana také skutecnost, ze kurikulum ma byt nastaveno tak, aby
umoznilo orientaci zakti v bézném i profesnim zivoté a umoznilo jim také pochopit
komplexnéjsi jevy, které je obklopuji. Tento trend, jak jsme uvedli shora, se doposud
zachovava jiz od 90. let v celé Evropé, CR nevyjimaje.
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Vzhledem k tomu, Ze v obdobi, kdy se badatelsky orientovana vyuka zacala celo-
svétové vice prosazovat do vzdélavani, byla reforma skolstvi v Ceské republice témét
u konce, koncept badatelsky orientované vyuky se do nové pripravenych kurikul
nepromitl. Dtivodem nebylo zasadnéjsi odmitani této myslenky ze strany odborné
a decizni sféry, jako spise skutecnost, Ze kurikulum nemeélo explicitné predepisovat
metody a postupy ve vyuce na Skolach; to bylo ponechano na samotnych skolach.
Navic charakteristika vzdélavacich oblasti Dité a svét (Ramcovy vzdélavaci program
pro predskolni vzdélavani — RVP PV), Clovék a jeho svét (Ramcovy vzdélavaci pro-
gram pro zékladni vzdélavani — RVP ZV) a Cloveék a ptiroda (RVP ZV) zavedeni
tohoto pristupu nijak nebranila. Pojem badatelsky orientovana vyuka také nefigu-
ruje v zadném z dlouhodobych zamért mezi lety 2007-2015. Lze tedy konstatovat,
7e na rozdil od jinych zemi nebyla a neni aplikace badatelsky orientované vyuky
prosazovana systémove a jeji vyuziti se odviji pouze od zajmu ucitelt o jeji aplikaci
ve vyuce.

Spolecné s badatelsky orientovanou vyukou se také celosvétové zacaly vice pro-
sazovat vzdé&lavaci programy zaloZené na principu STEM?, tedy principu, ktery ape-
luje na vétsi provazanost inovativni vyuky matematiky, prirodnich véd a technologii.
I kdyz se koncept objevoval jiz od 90. let 20. stoleti, vétsi pozornosti se mu zacalo do-
stavat ve druhé poloviné prvni dekady 21. stoleti. Koncept lze vSak v zasadé chapat
jako spojeni dvou jiz shora popsanych pfistupti. STEM prosazuje nutnost zasadit vy-
uku do kontextu bézného zivota, kde pouzivame kombinaci poznatkii prirodnich véd
s dalsimi védnimi obory (napf. matematikou) a technologiemi, a iniciuje proménu
pristupu k vyuce piirodnich véd, ktera zvysi moznost jejich pochopeni i zajem o né
(blize viz napi. Zeidler, 2016; Bybee, 2010). Casto je prostiedkem pro tuto zménu
minéna badatelsky orientovana vyuka. Princip STEM se podobné jako badatelsky
orientovanéa vyuka v kurikulu Ceské republiky nevyskytuje. Koncepce RVP ji vSak
umoznuje.

Ke konci prvni dekady 21. stoleti se v Ceské republice dostalo (kratkodobé) vice
pozornosti také konceptu gramotnosti vymezenych v Setfeni PISA. V tomto obdobi
vznikly dvé ptirucky zabyvajici se problematikou vymezeni jednotlivych gramotnosti
(blize viz Faltyn et al., 2010; VUP, 2011) a dale v projektu Ceské skolni inspekce
s nazvem Narodni systém inspekéniho hodnoceni vzdélavaci soustavy v Ceské repub-
lice (NIQES) realizovaného od roku 2011. Piirodovédna gramotnost také figurovala
v oblasti stanovenych reformnich krokt, které byly definovany v Dlouhodobém za-
méru vzdélavani a rozvoje vzdélavaci soustavy v CR (2011-2015), konkrétné v bodu
A2.2  Podpotit oblast oborovych didaktik a zlep$it Groven vzdélavani ve spolupraci
s fakultami vzdélavajicimi ucitele a prostfednictvim systému DVPP“. Do kurikul
vSeobecného vzdélavani se vSak koncept nijak neprosadil, a to navzdory skutecnosti,
ze v daném obdobi probihaly jeho diléi revize (blize viz Janouskova et al., 2019).

1.3 DRUHA DEKADA 21. STOLETi — VEDA A POZNANIi PRO
OBCANY

Pocatek 21. stoleti se miniméalné v ramci Evropy nese v duchu motta: Docilit v Ev-
ropé chytrého, udrzitelného a inkluzivniho ristu (blize viz EC, 2010). To je dle
odbornikt Evropské komise mozné za predpokladu, Ze si vSichni obc¢ané osvoji diile-
zité znalosti, které jim napomohou aktivné participovat ve spolec¢nosti a zodpovédné

3Definice STEM neni konsenzualné vymezena (Breiner et al., 2012). V obecné&jsim pojeti ji lze
chapat také jako jakékoli hnuti sméfujici k reformam ve vyuce pfislusnych predmétt, které by
vedly ke zvySeni zajmu studentti o vyuku ptirodovédnych oborii.
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se podilet na jejim rozvoji. Pro dosazeni tohoto cile byla zpracovana odborna zprava
s nazvem Prirodovédné vzdélavani pro zodpovédné obcanstvi (Science Education for
Responsible Citizenship, Hazelkorn et al., 2015), ktera vytyc¢uje Sest cili a opatieni,
které by mély byt naplnény pro zadouci rozvoj Evropy. Témito cili jsou (i) kontinu-
alni prirodovédné vzdélavani zacinajici v trovni preprimarniho vzdélavani; (ii) rozvoj
zadoucich kompetenci a prechod od STEM ke STEAM — provazani pfirodovédného,
technického a matematického vzdélavani s dalsimi védnimi disciplinami; (iii) zlep-
Seni pripravy ucitelti a dalsiho vzdélavani ucitelti pro zajisténi dobrych vysledkl
vzdélavani; (iv) spolupriace mezi aktéry ve formalnim, neformalnim a informalnim
vzdélavani a spoluprace s podniky a dalsimi aktéry vzdélavani ve spolecnosti pro
zvySeni zajmu o studium a budouci zaméstnani v oblasti pfirodnich véd; (v) po-
sileni védy a vyzkumu v oblasti pfirodnich véd a komunikace jejich vysledkid se
spole¢nosti; (vi) propojeni novych poznatkt v oblasti ptirodovédného vzdélavani na
lokalni, narodni a mezinarodni irovni pfi zohlednéni socialnich potfeb a globalniho
vyvoje. Za inovaci ve smysleni o pfirodovédném vzdélavani vSak mutizeme povazovat
pouze prechod od STEM k STEAM zahrnujici jesté Arts, vSechny ostatni cile jsou
v zésadé totozné s cili, které byly zminovany v pfedchozich obdobich. Badatelsky
orientovana vyuka ziistava stale akcentovana v ramci obou zminénych konceptii.

Ceska republika pro druhou dekidu 21. stoleti disponuje dvéma zésadnimi do-
kumenty vztahujicimi se ke vzdélavani. Prvnim je Strategie vzdélavaci politiky do
roku 2020 (MSMT, 2015a) a druhym je Dlouhodoby zémér vzdélavani a rozvoje
vzdélavaci soustavy Ceské republiky na obdobi 2015-2020 (MSMT, 2015b). Stra-
tegie vzdélavaci politiky je mj. klicovym dokumentem a zaroven podminkou pro
cerpani prostfedkt z Evropské unie. Jeji prioritni osy jsou proto nastaveny pomérné
obecné a prirodovédné vzdélavani se tak v dokumentu explicitné v prioritach vzdeé-
lavani nevyskytuje. Dlouhodoby zameér, ktery na danou strategii navazuje, pak pti-
rodovédné vzdélavani zminuje ve tiech pfipadech. Prvnim je formulace opatfeni,
ktera maji sméfovat k zlepseni podminek zdkladniho vzdélavani. Zde 1ze nalézt mj.
opatfeni sméfujici ke zvyseni kompetenci pedagogti, jez ma vést ke zlepseni vzdélava-
cich vysledkt zaki; akcent je v tomto opatieni kladen na ¢tenaiskou, prirodovédnou
a matematickou gramotnost (blize viz MSMT, 2015b; opattfeni B4.3). Druhym piipa-
dem je formulace opatfeni sméfujicitho k modernizaci systému odborného stiedniho
vzdélavani, pficemz tato modernizace ma vést k intenzivnéjsimu a efektivnéjsimu
rozvoji prenositelnych znalosti. Opatfeni explicitné zminuje nutnost revizi kurikul
pifrodovédnych a technologickych oborti (blize viz MSMT, 2015b; opatieni C4.1).
Rozvoji prirodovédného a technologického vzdélavani ve stifednim odborném vzdé-
lavani je v Dlouhodobém zaméru vénovana pozornost i ve smyslu moznosti navyso-
vani kapacit v oborech s timto zamérenim. Ttetim pripadem je formulace opatieni
smérujici k podpore efektivni formy vzajemného sdileni zkusSenosti mezi pedagogy.
V opatfeni se explicitné uvadi nutnost podpory DVPP s cilem zlepseni metodiky
vzdélavani v matematice a pifrodovédnych predmétech (blize viz MSMT, 2015b;
opatfeni H10.2).

Druhé polovina druhé dekady 21. stoleti je vSak pro Ceskou republiku z hlediska,
ptirodovédného vzdélavani velmi zasadni. Po vice nez 10 letech zac¢ind v Ceské re-
publice zasadni revize kurikul od trovné predskolniho vzdélani do Grovné vyssiho
odborného i vSeobecného vzdélavani. Zaklady reformy prozatim predstavuji novy
pristup k tvorbé jednotného kurikula, které by vytvarel jediny rozsahly tym a zajis-
til tak dobré vazby mezi jednotlivymi stupni vzdélavani v jednotlivych vzdélavacich
oblastech, resp. oborech. Vzhledem k tomu, Ze revize jsou teprve na pocatku, nelze
¢init prozatim mnoho zavéri. Zasadni a alarmujici pro ptrirodovédné vzdélavani je
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vsak skutecnost, ze v prozatimnim navrhu kompetenci, resp. gramotnosti, figuruji
nésledujici kompetence/gramotnosti: matematickd, digitalni, komunikace v matef-
ském jazyce a cizich jazycich, kulturni povédomi a vyjadieni, v oblasti védy, tech-
nologii a inzenyrstvi, personalni a socialni, k uceni, obcanska, k podnikavosti. Pti-
rodovédna kompetence/gramotnost ve vyctu zatim nefiguruje a je pouze implicitni
soucasti kompetence v oblasti védy?, technologii a inZenyrstvi. Je vsak nutno po-
dotknout, ze védy mohou byt chapany jako védy rizného druhu, nejen prirodni.

2 VvyvoJ ciLU PRIRODOVEDNEHO VZDELAVANI PRO
UROVEN NIZSIHO SEKUNDARNIHO VZDELAVANI —
METODOLOGIE

V dalsi ¢asti ¢lanku se chceme vénovat vyvoji cilit pfirodovédného vzdélavani na
urovni nizsiho sekundarniho vzdélavani, které byly specifikovany v zamyslenych ku-
rikulech (vzdélavacich standardech) v poslednich tficeti letech. Pro analyzu byly zvo-
leny dva kurikularni dokumenty — Standard zakladniho vzdélavani (MSMT, 1995)°
a Ramcovy vzdélavaci program pro zékladni vzdélavani (VUP, 2005; MSMT, 2017),
které pokryvaji shora uvedené obdobi a zahrnuji vSechny revize prirodovédného ku-
rikula v dané dobé. Dokumenty byly analyzovany (obsahova analyza) jako celek, tj.
cile ptirodovédného vzdélavani byly identifikovany nejen ve specifickych cilech oborti,
resp. charakteristice vzdélavaci oblasti ptirodovédnych obort (tyto dva analyzované
segmenty si odpovidaji), ale také v ivodnich obecnych ¢astech kurikul.

Pro systém kdédovani byl vyuzit software Atlas.ti. Software umoznil prehledné
oznacovat Useky v rozsahljch textech souvisejicich s prirodovédnym vzdélavanim
(kurikulech) a udaje v ném uvedené kategorizovat a konceptualizovat. Kategorie
byly odvozeny deduktivné (viz napi. Mayring, 2000) od definice pfirodovédné gra-
motnosti dle studie Gramotnosti ve vzdélavani (VUP, 2011) s mirnou tpravou ve
¢tvrté kategorii, kam byla navic zafazena subkategorie zdravi a zdravy Zivotni styl.
Terminologie pouzita v jejim vymezeni napomohla lépe interpretovat ziskané tdaje.
Reliabilita dat byla zajisténa dvojim nezavislym kédovanim dokumentti a konzultaci
s tviircem obou kurikul, ktery napomohl nejasnosti interpretovat. Kédovaci kli¢ je
uveden v tab. 1.

Jako orientacni proxy proménna vyznamnosti konkrétnich kategorii/témat pii-
rodovédné gramotnosti byla zvolena Cetnost jednotlivych kategorii i subkategorii.
Podle nékterych autorti (napf. Saldana, 2013) sice frekvence vyskytu nemusi od-
povidat vzdy vyznamnosti dané kategorie/tématu, na druhou stranu autofi jako
Weber (1990) uvadéji, ze v pripadé obsahové analyzy dokumentti lze hypotetizovat,
Ze vyssi relativni poCty zastoupeni dané kategorie/tématu odrazi vyssi zdjem o ka-
tegorii/téma jako takovou. Vyzkum v oblasti kurikula s vyuzitim ¢etnosti témat,
resp. kategorii, byl realizovan nap¥. ve studii Malekipour et al. (2017).

4Doporuceni Evropského parlamentu a rady z 18. prosince 2006 o kli¢ovych schopnostech pro
celozivotni uceni 2006/962/ES vSak definuje Mathematical competence and basic competences
in science and technology; science je pfi bliz§i analyze dokumentu definovana jako kompetence
v oblasti prirodnich véd.

SPredmétem analyzy nebyl specificky Standard pro zékladni vzdélavani — Chemie (Janouskova
et al., 2013). Tento Standard sice pfinasi miniméaln{ cilové pozadavky na vzdélavéni, ale jsou v ném
rozpracovany pouze ocekavané vystupy RVP ZV v daném oboru s cilem ukazat mozné zpisoby
hodnoceni dosazeni téchto vystupt. Jedné se tedy vyhradné o obsahovy standard (viz Janouskova
et al., 2012) rozpracovavajici to, co je jiz v RVP zahrnuto. Dany Standard nepifinasi vice poznani
v dané problematice nez RVP ZV (2017), jehoz je soucasti.
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Tab. 1: Kédovaci kli¢ (upraveno podle VUP, 2011)

Kategorie/téma Subkategorie

0SVOJENT ST 4 POUZIVANT e osvojeni si zdkladnich pojmt
zakladnich prvkid pojmového

' k ; e osvojeni si zakladnich zdkont, princip1i,
systému prirodnich véd

hypotéz, teorii a modelt

0SVOJENT S A POUZIVANT e empirické metody a postupy
metod a postupt prirodnich e racionalni metody a postupy
ved
0SVOJENL $1 4 POUZIVANT e zpusoby testovani (potvrzovani ¢ vyvraceni)
zpusobi hodnocent objektivity, spolehlivosti a pravdivosti
prirodovédného pozndni ptirodovédnych tvrzeni (dat, hypotéz apod.)

e zpisoby zjistovani chyb ¢ zkreslovani dat

v prirodovédném zkoumani

e kritické zhodnoceni informaci (véetné médii)
0SVOJENL ST 4 pPOUZLVaAN? e matematické prostiedky v pfirodovédném
zpusobi interakce poznavani

prirodovédnéeho pozndni
s ostatnimi segmenty
lidského poznani

e pouzivani prostfedktt modernich technologii

e personalni rozhodovani a feseni problému

e diisledky aplikaci prirodovédného poznavani
pro clovéka a jeho prostredi

e zdravi a zdravy zivotni styl

OO e 1 8 PO A
zpusobil interakce e

prirodovédného poznani
osvojeni si a pouzivani
zasad hodnoceni ‘
ptirodovédného poznani
B Ramcovée vzdélavaci programy

osvojeni si a pouzivani B Standardy vzdélavani
meodaposont [ —

ptirodnich véd

osvojeni si a pouzivani
(zdkladnich prvkt) h

pojmového systému

0 2 4 6 8 10 12

Graf 1: Cetnost vyskytu kategorii/témat ve Standardu a Rdmcovém vzdélavacim
programu pro zékladni vzdélavani

V nasem c¢lanku cCetnost kategorii napoméaha predevsim lépe strukturovat uva-
zovéani o vysledcich kvalitativniho vyzkumu (frekvenci jednotlivych kategorii/témat
shrnuje graf 1). Kromé ¢etnosti kategorii/témat byla totiz déle sledovana distribuce
kategorii/témat v kurikulu, tj. zda jsou kategorie/témata vazany prevazné/vyhradné
na prirodovédné obory v kurikulu, ¢i zda jsou zahrnuty téz v obecnych c¢astech ku-
rikula a predstavuji obecné vyznamny cil v ramci vzdélavani. Vysledky také kvali-
tativné popisuji vztahy zjisténé mezi jednotlivymi kategoriemi.
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3 VYSLEDKY OBSAHOVE ANALYZY KURIKUL

3.1 STANDARD ZAKLADNIHO VZDELAVANT{

Standard zakladniho vzdélavani (déle Standard) zahrnuje vSechny kategorie/témata,
které jsou uvedeny v pravém sloupci tab. 1. Jednou ze dvou nejcetnéji zastoupe-
nych kategorii je kategorie osvojeni si a pouZivani zpusobi interakce prirodovédného
pozndvdni s ostatnimi segmenty lidskeho pozndvdni, coz je v primém souladu s pii-
stupem k vyuce pfirodnich véd od 90. let minulého stoleti. Tato kategorie/téma je
natolik zasadni, Ze je opakované zminovana i v obecnych vzdélavacich cilech kurikula
(4 z 10 vyskytt). V ramci dané kategorie je diraz kladen zejména na schopnost zakit
fesit problémy a rozhodovat se (pouc¢ené€) v béznych zivotnich situacich, na disledky
aplikaci prirodovédného poznéavani pro ¢lovéka a jeho (zivotni) prostiedi a na zdravi
a zdravy zivotni styl. I to je v souladu s obecnym trendem ptirodovédného vzdéla-
vani, ktery trva od 90. let doposud. Ve vzdélavacich cilech je zminiovana rovnéz komu-
nikace prostrednictvim ciselnych a prostorovych znaki a utvarid, coz je pro prirodni
védy typické; mtizeme tedy konstatovat, ze implicitné je zahrnuta i subkategorie ma-
tematickych prostredki v prirodovédném pozndvdni. Pouzivani prostiedki modernich
technologii ve vztahu k pfirodovédnému vzdélavani zminovana v cilech neni.

Dalsi z nejcetnéjsich kategorii zahrnutych ve Standardu zakladniho vzdélavani
je kategorie/téma osvojeni si a pouzivani metod a postupi prirodnich véd. Pocet
vyskyti obou subkategorii (racionalni a empirické metody) je ve Standardu ekvi-
valentni. Podstatné je, Ze kategorie je zahrnuta jiz v obecnych cilech Standardu
(i kdyz méné nez ve specifickych cilech oborti) a je tedy obecné povazovana za vy-
znamnou. Je také tfeba podotknout, Ze vyuzivani racionalnich (nékdy i empirickych)
metod je podstatou feseni komplexnich, ¢asto multidisciplinarnich problémt a slouzi
k personalnimu rozhodovani. Mezi popisovanou kategorii a subkategorii personaini
rozhodovani a 1Tesent problémi je tedy vyznamny synergicky vztah. Kladeni dirazu
na pouzivani empirickych i racionalnich metod ve vijuce ptirodnich véd je dlouhole-
tou tradici, kterd je v poslednich letech stale vice akcentovana. Cetnost i rozlozeni
této kategorie ve Standardu proto neni prekvapujici.

Dalsi kategorii/tématem, kterd je soucasti Standardu, je kategorie osvojent si
a pouZivani zakladnich prvki pojmového systému prirodnich véd. Zde je Cetnost za-
stoupeni kategorie tieba brat s urcitou rezervou. Dtivodem je skutecnost, ze v ku-
rikulech je znac¢na ¢ast prostoru vénovana vzdélavacimu obsahu jednotlivych obort
a vzdélavaci obsah sam obsahuje fadu konkrétnich pojmt, principti, zakont, mo-
delii ¢i teorii. My jsme se ovSsem zamérovali na deklaraci téchto subkategorii v ci-
lech vzdélavani, nikoli ve vzdélavacim obsahu samotném. Dtivodem je skutecnost, ze
zejména média dlouhodobé hovoii o nadmérném zastoupeni fakt ve vzdélavani a je-
jich memorovani zéky (viz napf. Respekt, 1/2016). To laickou vefejnost ¢asto vede
k presvédceni, ze osvojovani si pojmu, konceptl atp. neni podstatné a diraz ma byt
kladen ve vyuce na jiné zakovské dovednosti. Bez toho vsak vyuka pfirodovédnych
obori i vyuka jako takova prirozené postrada smysl. Bez osvojeni si pojmi, zakoni,
principt, modeli apod. nemohou byt rozvijeny dalsi kategorie/témata ptirodovédné
gramotnosti zde uvedené a deklarace jejich osvojeni v obecnych vzdélavacich cilech
i v cilech specifickych je tak zasadni.

I u této kategorie miizeme konstatovat, Ze je zahrnuta jak v obecnych cilech
kurikula, tak ve specifickych cilech pfirodovédnych obort (zde je zastoupena vice).
Obecné cile kurikula mluvi specificky o nutnosti osvojeni pojmi a faktt. Fakta jsou
objekty, jevy a procesy a riizné druhy vztahii mezi nimi, implicitné je tedy zahrnuta
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i druhé subkategorie. Oblast pfirodovédna hovoti o nutnosti pochopeni piirodnich
jevl a procest, coz neni bez znalosti pojmi, zakonu a principd mozné. Specifické cile
jsou ve Standardu pomérné nekonzistentné pojaty a kombinuji cile obecné formulo-
vané (napf. ve fyzice) s cili pomérné oboroveé specifickymi (napf. biologii a geologie).
Obecné lze vSak ¥ici, Ze na tuto kategorii/téma je kladen v oblasti pfirodovédné
i v jednotlivych prirodovédnych oborech Standardu pomérné velky akcent.

Nejméné frekventovanou kategorii/tématem je ve Standardu osvojent si a pou-
Zivdand zpusobi hodnocent prirodovédného pozndni. V obecnych cilech Standardu je
zduraznéna nutnost kritického posuzovani informacnich zdroju, coz priblizné odpo-
vida subkategorii kritického hodnoceni (pseudovédeckych) informaci. Ve specifickych
cilech mizeme kategorii nalézt jen v oboru fyzika, dalsi obory ani oblasti s touto
kategorii nepracuji. Tato skutecnost pravdépodobné souvisi s tim, ze dana kate-
gorie prirodovédné gramotnosti je z hlediska vyuky pomérné narocna a naptiklad
koncept kritického mygleni, ktery s kategorii/tématem souvisi, se v Ceské republice
zacal prosazovat spise ke konci 20. a na zacatku 21. stoleti s rozvojem dostupnosti
informacnich zdroji, predevsim internetu.

3.2 RAMCOVY VZDELAVACI PROGRAM PRO ZAKLADNI
VZDELAVANI

Pro analyzu Ramcovych vzdélavacich programt (dale RVP ZV) byly vybrany dva
dokumenty, ptivodni RVP ZV z roku 2007 a nové revidovany RVP ZV z roku 2017.
V analyzovanych cilech RVP ZV (VUP, 2007) a RVP ZV (MSMT, 2017) nebyly
identifikovany zasadnéjsi rozdily a dale je tedy pojednavano o dokumentu jako o do-
kumentu jediném. Ramcovy vzdélavaci program pro zakladni vzdélavani zahrnuje
vSechny kategorie/témata, které jsou uvedeny v tab. 1. Z hlediska ¢etnosti zastou-
peni je opét velmi akcentovana kategorie osvojeni si a pouZivani zpusobi interakce
prirodovédného pozndni s ostatnimi segmenty lidského poznani. V obecné ¢asti ku-
rikula (tykajici se kompetenci®) je zastoupena subkategorie pouZivdni prostredki
modernich technologii, persondlniho rozhodovdni a Teseni problémi, zdravi a zdra-
vého Zivotniho stylu a vztah clovéka k Zivotnimu prostredi. Podobnost mezi RVP ZV
a Standardem je velka. Vétsi rozdil je jen ve zdtiraznéni vyznamu modernich tech-
nologii jako komunikac¢niho nastroje s ostatnim svétem. To je vzhledem k rozmachu
a nutnosti vyuzivani technologii v bézném i profesnim zivoté pomérné ocekavatelna
zména. Je$té vyznamnéji je kategorie/téma osvojent si a pouZivani zpiusobi inter-
akce prirodovédného poznani s ostatnimi segmenty lidského pozndni zastoupena ve
vzdélavaci oblasti Clovék a pfiroda a ¢asteéné také v priifezovém tématu Envi-
ronmentalni vychova. Vyznamny podil zafazeni této kategorie/tématu v kurikulu
reflektuje dlouhodobou snahu kurikul napfi¢ zemémi o propojeni prirodovédného
vzdélavani s béznym zivotem.

Druhou nejéetnéji zafazovanou kategorii/tématem v kurikulu je osvojeni si a po-
uZivani metod a postupt prirodnich véd. Stejné jako v pripadé Standardu existuje
vyznamna vazba mezi touto kategorii a subkategorii persondlni rozhodovdani a resent
problémi. V obecné ¢asti kurikula je tato kategorie zahrnuta v kompetenci k feseni
problémii. Zahrnuta je rovnéz v charakteristice vzdélavaci oblasti Clovék a piiroda.
Prestoze jsme v metodologické ¢asti konstatovali, ze ¢etnost vyskytu konkrétnich ka-

6Vzhledem k tomu, 7e kliové kompetence maji byt napliiovany ve vSech vhodnych oborech
obsazenych v RVP ZV, lze dle naseho néazoru povazovat i obecné formulované kategorie, resp.
subkategorie, za kategorie potenciondlné spjaté s prirodovédnym vzdélavanim.
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tegorii v kurikulu je jen orientacni a nemusi nutné odrazet vyznamnost dané katego-
rie ve vzdélavani, zde stoji relativné nizsi etnost vyskytu kategorie/tématu (oproti
Standardu) za zamysleni. Dle naseho néazoru, opfeného o zkuSenost z tvorby kuri-
kul, je nizsi cetnost zptisobena tim, ze prirodovédné vzdélavaci obory jsou slouceny
pod jednu oblast (Clovék a piiroda) s totoznou charakteristikou a kategorie/téma
osvojeni si metod a postupt se tudiZz neopakuje znovu u kazdého oboru zvlast, jak
je tomu ve Standardu. Domnivame se také, ze nizsi ¢etnost vyskytu dané kategorie
nema souvislost s tim, ze zakladni skoly pri tvorbé kurikula vyvijely na decizni sféru
tlak sméfujici k ruseni laboratofi (z ekonomickych divodi). To mohlo vést k urcité
zméné pristupu k vyuce na urovni skolnich kurikul, ale na trovni RVP ZV se to
nepromitlo. Metody a postupy prirodnich véd tak ztstaly dilezitou c¢asti kurikula,
coz odpovidalo a odpovida celosvétovému trendu.

Obdobné jako v ptipadé Standardu je také v RVP ZV kategorie/téma osvojeni
st a pouZivani zakladnich prvkid pojmovéeho systému prirodnich véd zafazena jak do
obecné ¢asti kurikula (kompetence k uceni), tak do charakteristiky oblasti Clovék
a priroda. Kompetence k uceni explicitné hovoii o nutnosti propojovani poznatki
z riznych vzdélavacich oblasti, resp. vzdélavacich oborti, a zminuje nutnost osvo-
jeni si ,termint“, coz lze chapat jako pojmy. Charakteristika oblasti Clovék a pii-
roda hovofi o nutnosti pochopeni zakonitosti prirodovédnych procesii a uzitec¢nosti
prirodovédnych poznatkt. Relativné nizsi cetnost vyskytu, stejné jako v pripadé
Standardu, vychéazi ze skutecnosti, ze konkrétni pojmy, zdkony, principy, teorie ¢i
modely jsou uvedeny piimo ve vzdélavacim obsahu jednotlivych obort, konkrétné
v o¢ekavanych vystupech, pripadné ucivu. Rozdil ¢etnosti mezi Standardem a RVP
ZV je dan skutecnosti, ze fada konkrétnich zakonid a principt byla uvedena jiz ve
specifickych cilech. Pii kédovani pouze obecnych vyjadieni by cetnost vyskytu ka-
tegorie/tématu byla ekvivalentni. Podstatné je deklarovani nutnosti se poznatkim
prirodnich véd ucit, coz, jak jsme uvedli jiz v pfipadé Standardu, je nutnou podmin-
kou pro uspésné zvladnuti dalSich kategorii/témat pfirodovédné gramotnosti tak,
jak jsou zde uvedeny.

Posledni kategorie/téma zahrnuté v RVP ZV je kategorie osvojeni si a pouZi-
vant zpusobu hodnoceni prirodovédného pozndni. Na rozdil od Standardu je ¢etnost
uvedeni kategorie/tématu vyznamnéjsi. Je to ddno zejména zatazenim prufezového
tématu Medialni vychova. V obecné ¢asti kurikula je mozno nalézt danou katego-
rii/téma v kompetenci k feSeni problémt, kde je uvedena v souvislosti s ovéfenim
spravnosti feseni konkrétnich problémt. V ¢asti tykajici se specificky piirodovédnych
oborti (oblast Cloveék a pifroda) je zahrnuta subkategorie tykajici se zpiisobii testo-
vdni (potvrzovdni ¢i vyvracent) objektivity, spolehlivosti a pravdivosti prirodovédnych
turzent (dat, hypotéz apod.). Vyhodnoceni vécné spravnosti, logické argumentaéni
stavby a hodnotové platnosti a kriticky pristup k informacim, tedy subkategorie kri-
tického hodnoceni informaci, je feSena jednak v charakteristice prifezového tématu
Mediélni vychova, jednak v pfinosu tohoto prifezového tématu k rozvoji osobnosti
zaka. V této kategorii/tématu tak miZzeme zaznamenat nejvyznamnéjsi posun v ci-
lech vzdélavani (véetné prirodovédného) za poslednich t¥icet let.

4 ZAVER
Rozsahla reserse pristupt k prirodovédnému vzdélavani za poslednich tticet let na

mezinarodni i narodni drovni a analyza cilti vzdélavani, resp. prirodovédného vzdé-
lavani, ukazala, Ze Ceska republika respektuje vétsinu zahrani¢nich trendi, které se
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ve vyuce objevuji a revize kurikula posunula, alespon v roviné zamysleného kuri-
kula, prirodovédné vzdélavani zadoucim smérem. Soucasné nastaveni kurikula umoz-
nuje rozvijet vSechny vzajemné provazané dimenze prirodovédné gramotnosti, jak
byly vymezeny ve VUP (2011). Tyto dimenze odpovidajicim zptisobem koresponduji
s analyzovanou literaturou tykajici se vymezeni prirodovédné gramotnosti v soucas-
nosti a koresponduji rovnéz s obecnymi cili vzdélavani, které jsou dany aktualnimi
strategickymi dokumenty narodni i mezinarodni povahy.

Z pohledu aktualnich revizi je dle naseho nazoru nutné se zasadit o explicitni vy-
mezeni piirodovédné kompetence/gramotnosti jako jedné z neopominutelnych kom-
petenci; zachovani, pripadné vétsi prosazeni dtilezitosti pfirodovédného vzdélavani
do vSeobecnych vzdélavacich cilli, pokud budou v novém kurikulu specifikovany; za-
chovani, pripadné zpresnéni stavajicich specifickych cilii pfirodovédného vzdélavani
(oblast Clovék a piiroda) tak, aby mohly byt rozvijeny vechny kategorie piirodo-
védné gramotnosti zde uvedené (viz tab. 1); zachovani vybranych prifezovych témat
(zde diskutovana Environmentalni vychova a Medialni vychova) a pii jejich absenci
zajistit presun relevantnich cilt k specifickym ciliim pfirodovédnych obori; diskuzi
optimalnich metod a postupt ve vyuce (BOV a STEAM).
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