Czech educational system

History 
tradition of education in Czech history (population groups which would not achieve any education in other countries were often educated, e.g. Hussite women in the 15th century), the general literacy in the 1930s was of higher standards than were common in the rest of Europe.
Charles University was established in 1348 (the first European University east of Germany)


Comenius - 17th century


compulsory six-year school attendance was enacted in 1774 
influence of the Soviet tradition, from which schools were only freed after 1989
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a) “Basic school” combines into one organisational unit primary and lower secondary levels of education and provides compulsory education. Its length is nine years and it is identical to the length of compulsory schooling. It is divided into a five-year long first stage and a four-year long second stage. Upon completion of the first stage, pupils who show interest and succeed in the admission procedure may transfer to a multi-year grammar school. After the fifth year they may continue in an eight-year grammar school, after the seventh year in a six-year grammar school and complete their compulsory schooling there.

b) Upper-secondary school provides either general or vocational education. General education ends with a final exam called “maturita”. Vocational education may consist of two levels: vocational education at lower level and complete vocational education ending with the “maturita”. The “maturita” in all types of school entitles pupils to seek admission to post-secondary education. In order to enter a “secondary school”, a pupil must go through an admission procedure, part of which may be (and in general is) an entrance examination. A prerequisite for entering an upper secondary school is the successful ending of the “basic school” education (all nine years).

Secondary schools are divided into the following three types:

ba) Grammar schools providing comprehensive secondary education ending with the “maturita” and preparing pupils primarily for higher education. The studies may last four years (only upper secondary level), six or eight years (including lower and upper secondary education).

bb) Technical secondary schools providing four-year courses leading to the “maturita” examination after which pupils may seek admission to post-secondary education. Pupils are qualified to perform intermediate occupations of technical, economic and other kinds. A special type of technical secondary school is “konzervator” that provides secondary education in art fields for periods of 6 and 8 years.

bc) Vocational secondary schools provide qualifications for manual and similar professions in two- and three-year courses, and in a small number of four-year courses completed by the “maturita” examination ensuring qualifications for highly skilled workers and operators. 

bd) Vocational schools at lower level are not formally recognised as secondary schools - they offer one-year or two-year courses to pupils who completed their compulsory schooling before the ninth year or did not complete the ninth year successfully.

c) Higher vocational schools prepare pupils for demanding, skilled professions. For those secondary school graduates who passed the “maturita”, they offer post-secondary vocational education ending with the absolutorium 

d) Higher education institutions provide education at three levels of study programmes: Bachelor´s, Master's and Doctoral. All the existing higher education institutions had  university status until the end of the year 1998 despite the fact that the word ''university'' does not appear in the name of some technical, economic and agricultural institutions. The possibility of establishing non-university institutions of higher education appeared in 1999, and the number of these institutions is growing nowadays. In order to enter a higher education institution, a pupil must go through an admission procedure, part of which may be (and in general is) an entrance examination. A prerequisite for entering an upper secondary school was successful ending of the “primary school” education (all nine years). A prerequisite for entering tertiary education is education ending with “maturita”. 

Special schools are designated for children with various health (physical or mental) or social disabilities who cannot be integrated within the mainstream schools. These schools run in parallel to the mainstream schools (speciální primary schools, special grammar schools, special technical secondary schools, special vocational secondary schools) - pupils achieve education equal to that achieved at ordinary schools. Children with more serious learning difficulties may go to a special support school, which provides them with basics of primary and lower secondary level education.

Teaching of algebra in the Czech Republic
Specific aims of mathematics 

Mathematics together with the Czech language form the educational infrastructure of the basic school. Mathematics provides pupils with the knowledge and skills necessary for everyday life and prepares the foundations for successful development through professional training and further study at upper secondary schools. It develops pupils’ intellectual abilities, their memory, imagination, creativity, abstract thinking and ability to reason logically. At the same time it contributes to the development of personal qualities, such as patience, diligence, critical thinking. 

Knowledge and skills acquired in mathematics are the precondition for success in the sciences, economics, technology and the use of computers.

Teaching of mathematics supports pupils’ learning to:

· perform mental as well as written numerical calculations with natural numbers, decimal numbers and fractions and to use calculators effectively when solving more difficult tasks;

· solve practical problems using numerical procedures, including the use of percentages and simple calculations of interest;

· read and use simple statistical tables and diagrams;

· use variables, understand what they represent, solve equations and inequalities and use them when solving word problems;

· record and express graphically relationships between quantitative phenomena in nature and in society and work with certain functions when solving word problems;

· solve geometrical problems: calculate perimeters and areas of 2D shapes, surface areas and volumes of 3D shapes, and use congruence and similarity in 2D;

· use coordinates in both 2D and 3D to locate points, understand the relationship among numbers and points as the basis for computer aided design and projects;

· prove simple theorems and conclude logical results from given assumptions.

The structure of the school subject mathematics

From the global view four main parts of mathematics are distinguished:

· Arithmetic

· Algebra

· Geometry

· Applications of mathematics

The relation to other subjects

Mathematics can precisely describe and carry things to such forms that allow not only a good transfer of information but also elaboration of them. The core of mathematics should be the knowledge that is applicable in other subjects (but not only school subjects).

Mathematics has the most important relationship to those subjects that formulate the results of studied regularities in an algebraic way (e.g. using equations, functions, …), graphically (graph, diagram, geometrical scheme, …) or numerically. 
The language of algebra

One of the tasks of school is to create an understandable and useful algebraic language. Its introduction must be gradual; students bring its elements from elementary school (e.g. by constructing various tables we prepare the concept of a variable). Algebra is the first “artificial” language after arithmetic with which the students become acquainted and the understanding of it properly gives an important preparation for future study not only within mathematics but also in sciences.
In the language of algebra students become acquainted with various formulae that make it possible to work effectively with information (equations, inequalities, …). “The language of formulas” must be always connected to the language “around the formulae”. It is necessary to use symbolisms only to an appropriate limited extent that will make the question easier (not more complicated). 

Algebraic culture

a) To be able to work with polynomials and functional and algebraic expressions according to the rules acquired with understanding.
b) To be able to solve linear equations and systems of two linear equations and inequalities, including their solution graphically. 

c) To be able to calculate “unknowns within a formula” to the extent necessary for geometry, physics and chemistry.

d) To be able to use algebraic skills in other subjects.
Pre-algebra and algebra in the compulsory education
Programme: Basic School

5th grade
	Context
	Knowledge
	Skills
	The student should be able to

	Tables, graphs, diagrams
	· Variable, independent variable, dependent variable

· Graphs 

· Coordinate
    system
	· Substituting for a variable 

· Reading and constructing tables for various relationships
· Reading and constructing a bar chart 
· Constructing simple graphs of relationships, e.g. the way in which distance changes with time on a journey, changes of temperature during the day
	· complete number sequences, tables
· read and construct bar charts
· complete and read simple graphs using coordinates



6th grade
	From Primary to 

Junior

secondary school
	Consolidation of the knowledge and skills that children bring with them from Primary school


7th grade
	Context
	Knowledge
	Skills
	The student should be able to

	Direct and indirect proport-ions
(D&IP)
	· Cartesian coordinate system, diagrams
· D&IPs,
their graphs
	· Use of coordinate systems
· Reading coordinates of a point, protracting points with the given coordinates

· Plotting and reading graphs of D&IPs 
· Solving word problems
	· mark a point with given coordinates, read the  coordinates of a point
· record tables of D&IPs 
· decide if a relationship is of direct or indirect proportion
· plot and read graphs D&IPs 
· solve word problems using D&IPs


8th grade
	Context
	Knowledge
	Skills
	The student should be able to

	Powers with natural exponents
	· Powers with natural exponents, operations with them
	· Addition and subtraction of powers with natural exponents

· Multiplication and division of powers with natural exponents


	· determine powers with natural exponents 
· perform basic operations with powers 

· record a given number in the form    a . 10n 

	Expres-sions
	· number expressions (NEs)

· value of NEs

· variable

· expression with variables

· polynomials
	· Finding values of expressions

· Expressions with a variable

· Recording texts with expressions

· Addition and subtraction of polynomials

· Multiplication of a polynomials 

· Factorising polynomials

· Use of (a ± b)2,  a2- b2  
	· determine expressions values

· record a text using expressions with variables

· manipulate expressions

· use formulae (a ± b)2,       a2- b2 for simplifying expressions    

	Linear equations
	· Equity, its properties

· Linear equations with one variable

· Root(s)

· Equivalent equations
	· Solving simple linear equations

· Checking results

· Solving word problems involving linear equations

· Calculating unknown from a formula
	· solve linear equations using equivalent transformations
· perform the control

· calculate the value of an unknown from a formula after substituting numerical values for all given variables or constants
· solve word problems involving linear equations


9th grade
	Context
	Knowledge
	Skills
	The student should be able to

	Polynomial
fractions
Solving equations with the unknown in the denominator
	· Range of an expression

· Operations with polynomial fractions
· 
	· Reducing and raising polynomial fractions
· Operations polynomial fractions 
· Simplifying polynomial fractions 
· Solving equations with the unknown in the denominator
· Solving word problems

	· state conditions for the existence of expression
· reduce and raise polynomial fractions
· calculate with polynomial fractions
· simplify polynomial fractions
· solve simple  equations with the unknown in the denominator 
· solve word problems 

	Systems of linear equations with two variables
	· System of two linear equations with two variables
	· Solving systems of linear equations with two variables 
· Solving word problems involving system of linear equations 
	· solve a system of two linear equations with two variables by substitution and addition strategies
· solve word problems involving systems of two linear equations with two variables  

	Functions
	· A function
· Range and domain

· Dependent and independent variables

· Graphs

· Properties of functions

· Linear function, direct and indirect proportions as examples of functions

· Graphical solution of a system of two equations

· Quadratic function and its graph
	· Finding dependencies from tables and graphs
· Recognising linear functions

· Determining if the function raises or descends and why

· Solving systems of two equations graphically

· Plotting graphs
· Use of functions for solving problems from the everyday life
	· recognise functional relationship
· determine range and domains of functions
· plot graphs of linear functions, quadratic ax2, indirect proportion 
· solve graphically systems of equations with two variables

· use functions for the problem from students’ everyday life


Programme: General school

Grade 6 (Age from 11 to 12) (pre-algebra)
Style and content links to a conception of mathematics for primary school. A core of the learning program is in the good mastery of numerical operations with natural numbers and decimals including the use of calculators. The topic in geometry is drawing.

· Word problems 

· Word problem and its record 

· Problem solving (natural representation of problems if it is necessary; use of symbols in notations of data, e.g. for unknown numbers; organising data relations, e.g. using table; solving a problems, using e.g. reasoning or equation)

· Equations. Solving equations using properties of number operations. Check of equations – substitution of roots for variables. 

Samples: For what x is  x + 7 = 14, 2x + 4 = 10, x – 7 = -2, 7 = (1/2)x
· Pre-algebra
· Word and symbolical expressions of relationships (introducing algebra language gradually)

· Variable, algebraic expression (substitution (numbers) in expressions; filling in a table; dependence; preparatory activities for introducing functions)

· Function and its (Cartesian) graph (reading graphs of functions; drawing graphs of empirical dependence described by words, by table, by other description; notation of relationships among numbers; creating tables)

· Linear equation (solving linear equations experimentally, using properties of operations)

Samples: 

Fill in the table

	x
	1
	2
	-1
	-2
	0,7
	

	y = 2x
	
	
	
	
	
	1,4

	y = x + 2
	
	
	
	
	
	

	y = 2x + 3
	
	
	
	
	
	


Draw on square grid paper pairs of numbers [x, y] given in a table.

Watch the growth of stem of a bean during 14 days. Draw its growth on millimetre grid paper.
Grade 7 (Age from 12 to 13)

We start with investigations of dependences of a mainly practical character and with preparation of one of the basic mathematical notions, the notion of a function (making and using tables, graphs, …, linear functions, perimeters, areas, symmetry, …).  Mathematics is significantly oriented towards applications (direct proportionality, percentage, rule of three, etc.).

· Linear equations and linear functions
· Linear equation with rational coefficients (solution on the base of properties of numbers, operations)
· Equivalent operations of equations, check of the equations (different methods for solving word problems – reasoning, making and using tables, trial and error, equations, solving problems from practice)

· Increasing and decreasing dependencies. 

· Direct proportionality (used in form y = 3x, x > 0, y > 0). Graph of direct proportionality. Indirect proportionality (used in form y = 4/x, x > 0, y > 0). 

· Linear function (linear function as description of a real situation, samples of increasing and decreasing functions, samples of other dependences) 

Samples: Discuss the situation: 1 tie costs 90 crowns, 2 ties cost 150 crowns, 3 ties cost 200 crowns.

Grade 8 (Age from 13 to 14)

The aim is in good mastering algebraic language and to top up numerical mathematics (equations, powers, radicals, …). In geometry, the problems of geometric constructions are developed and the study of right triangle is closed (Pythagoras Theorem, …).

· Calculations with polynomials
· Variables, monomials, binomials, …, polynomials
· Sum, difference, product of polynomials (calculating with polynomials the coefficients of which are natural numbers, integers, rational numbers and decimals, recognising the sense of coefficients, linear functions) 
Samples: Write a number which is 3 more than a half of a number a.

Compare the perimeters and areas of two rectangles if each side of one of these rectangles is enlarged twice.
Draw graphs of the following functions in the same coordinate system: y = x, y = 0.2x, y = 1.2x, y = 0.5x, y = 0.5x + 0.6, y = 0.5x + 1.
Grade 9 (Age from 14 to 15)

The top of learning program is to close the knowledge which is necessary for mathematical applications (systems of linear equations, trigonometric functions, surface area, volumes).

· Algebraic technique
· Solving more complicated linear equations. 

· System of two linear equations with two variables (method of substitution and method of addition – elimination of one variable summing the equations; graphing all pairs [x, y] for which is 2x + y = 4 on a coordinate plane, graphical solving of a system of linear equations) 

· Operations with algebraic expressions, calculation of  a variable from a given formula, rational expressions

· Using algebra for justifying statements (using algebra in technical practice -formulas, using algebra in financial practice – percentage …) 

Samples: Charles and George play marbles. Charles says to his friend: “Give me three marbles and we will have the same number of marbles.” How many marbles has each of them?
Why is the second power of an arbitrary odd number odd in all cases?

· Functions
· Summarising knowledge concerning functions. 

· Quadratic function y = x2. Parabola as a graph of quadratic function

· Trigonometric functions: y = sin x, y = cos x, y = tan x of an acute angle  (drawing graphs using unit circle or calculator, using trigonometric functions for solving right triangle, applications of trigonometric functions in practice) 

Samples: Find the angles in a right-angled trapezoid if there are given lengths of all sides.
Find the height of a tower which we can see in the distance 120 m away and which has the angle of elevation 28˚.
Algebra in Standards for the compulsory level
· Expressions

      Polynomials; Polynomial fractions
· Equations

      Equivalent equations; Linear equations; Quadratic equations; Systems of linear equations
· Functions 

Coordinate system; Functions; Direct and indirect proportionality; Linear functions; Quadratic functions; Trigonometric functions

Three levels of the language of letters (Hejný, M. et al., 1987)
1. Modelling
· The lowest, but methodologically the most important level of the language of algebra

· To be able to model means having the ability to understand the meaning and intention of the method

· Necessary: longer period of transition from non-symbolic to symbolic records 

2. Standard manipulations 
· Good knowledge of standard manipulations with algebraic expressions is a necessary condition for further mathematical education

· Standard manipulations can be taught by practising them
· For performing standard manipulation, routine work is sufficient 

3. Strategic manipulations 
· Strategic manipulations are discovered, we know the objective but we do not know the way to it.

· Main methods: experimenting, testing 
Algebra in Standards for the upper-secondary level (Gymnázia)
· Basic knowledge about sets and propositions

· Expressions

      Polynomials; Polynomial fractions; Expressions with powers and roots

· Algebraic equations and inequalities
· Functions 

Basic concepts; Linear functions; Quadratic functions; Exponential and logarithmic functions
· Trigonometry; Combinatorics, probability and statistics; Sequences
