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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.
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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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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.
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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
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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).
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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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